
1 

1 

 

5  C o m bi ni n g I nfr a str u ct ur e S e n s or 
a n d T o uri s m M ar k et D at a i n a S m art 
Cit y Pr oj e ct – a c a s e st u d y 
A n dr e as K o m ni n os, M ar k D D u nl o p a n d J o h n N Wils o n 

T o uris m  is  a n  i m p ort a nt  i n d ustr y  i n  m a n y  c o u ntri es,  m a ki n g  u p  f or  a  si g nifi c a nt 
p er c e nt a g e of a c o u ntr y’ s G D P, a n d oft e n a m o u nti n g t o t h e m aj or  s o ur c e of i n c o m e 
f or  l o c al  c o m m u niti es.  A c c or di n g  t o  o n e  d efi niti o n,  S m art  T o uris m  is  “t o uris m 
s u p p ort e d b y i nt e gr at e d eff orts at a d esti n ati o n t o c oll e ct a n d  a g gr e g at e/ h ar n ess d at a 
d eri v e d fr o m p h y si c al i nfr astr u ct ur e, s o ci al c o n n e cti o n s, g o v er n m e nt/ or g a ni z ati o n al 
s o ur c es  a n d  h u m a n  b o di es/ mi n ds  i n  c o m bi n ati o n  wit h  t h e  u s e  of  a d v a n c e d 
t e c h n ol o gi es  t o  tr a nsf or m  t h at  d at a  i nt o  o n-sit e  e x p eri e n c es  a nd  b u si n ess  v al u e-
pr o p ositi o n s  wit h  a  cl e ar  f o c u s  o n  effi ci e n c y,  s ust ai n a bilit y  a n d  e x p eri e n c e 
e nri c h m e nt ” [ Gr et z el et al. 2 0 1 5 a]. 

O n e k e y as p e ct of s u p p orti n g s m art-t o uris m is pr e di cti o n of vis it or n u m b er s t o all o w 
m or e  a c c ur at e  a n d  effi ci e nt  s er vi c e  s u p p ort,  t h e  f o c u s  of  t his c as e  st u d y.  T h e 
c h all e n g e of t h e pr oj e ct d es cri b e d h er e w as t o u n d erst a n d t h e p r o bl e m of f or e c asti n g 
t o uris m l e v els i n a cit y d esti n ati o n usi n g m ulti pl e d at a s o ur c es. O ur c as e st u d y w as 
b as e d o n Gl as g o w, S c otl a n d. Gl as g o w is t h e l ar g est cit y i n S c ot l a n d wit h a b o ut 1. 6 
milli o n i n h a bit a nts i n t h e Gr e at er Gl as g o w ar e a a n d a str o n g di v ers e t o uris m p ull. 
Visit ors  c o m e  f or  c ult ur al  e v e nts  (it  h as  s e v er al  m u s e u ms  &  t h e atr es,  is  h o m e  t o 
S c ottis h  O p er a,  S c ottis h  B all et  &  N ati o n al  T h e atr e  of  S c otl a n d a n d  h as  a  vi br a nt 
m usi c s c e n e fr o m s m all v e n u es t hr o u g h t o st a di u m c o n c erts), ar c hit e ct ur e, c o nf er e n c e 
h osti n g, a n d as a g at e w a y v e n u e t o t h e S c ottis h Hi g hl a n ds a n d g olf c o ur s es. T h e cit y 
of Gl as g o w is al s o h o m e t o t hr e e U ni v er siti es a n d t hr e e pr of ess i o n al f o ot b all cl u bs 
t h at  a d d  c o n si d er a bl e  p ulls  t o  t h e  cit y.  [ S c ottis h  E nt er pris e  an d  Gl as g o w  Cit y 
M ar k eti n g B ur e a u 2 0 1 4]. 

T o u n d erst a n d visit or n u m b ers a n d r e p ort t o t h e g o v er n m e nt o n t h e Gl as g o w t o uris m 
i n d ustr y,  T h e  Gl as g o w  Cit y  M ar k eti n g  B ur e a u  ( G C M B),  r eli es  h e a vil y  o n  a n n u al 
visit or  st atisti cs  fr o m  t h e  U K’ s  Offi c e  f or  N ati o n al  St atisti cs   a n d  Gr e at  Brit ai n 
T o uris m  S ur v e y,  pl u s  ot h er  visit or  s ur v e y s.  H o w e v er,  a c c ess  t o t his  d at a  h as  a 
si g nifi c a nt l a g ti m e. W e w or k e d wit h G C M B t o i n v esti g at e if m ulti pl e di v ers e s o ur c es 
of  d at a  c o ul d  pr e di ct  t o urist  n u m b ers  a n d  pr o vi d e  a d v a n c e  i n di c at or s  t o  h ot els, 
b usi n ess a n d ot h er t o uris m st a k e h ol d ers.  W hil e m ulti pl e i n di c a t ors of t o uris m l e v els 
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h a v e  b e e n  us e d  pr e vi o usl y,  e. g.  e xtr a p ol ati n g  arri v al  d at a  ( e. g .  [ C h u  2 0 0 4]),  w e 
d e ci d e d t o f o c u s o n t h e l e v el of d e m a n d f or h ot el o c c u p a n c y a n d  f o c us o n att e m pti n g 
t o pr e di ct d ail y fi g ur es t h at w o ul d b est s u p p ort h ot el pl a n ni n g u si n g a mi x i n cl u di n g 
cit y  s e n s or,  fli g ht  s e ar c h,  v e n u e  a n d  a d v a n c e d  h ot el  b o o ki n g  d a t a.  T his  is  a 
c h all e n gi n g m etri c as t h er e ar e m a n y r e as o ns f or visiti n g Gl as g o w t h at r es ult i n h ot el 
u s a g e  ( e. g.  b u si n ess/ c o nf er e n c e  visits,  i n d e p e n d e nt  t o uris m,  a n d  att e n di n g  l ar g e 
c ult ur al e v e nts) a n d pr e vi o u s w or k h a d f o c u ss e d o n m or e g e n er al  w e e k- b y- w e e k or 
m o nt h- b y- m o nt h f or e c asti n g ( e. g. [ Y a n g et al. 2 0 1 5; G u nt er a n d Ö n d er 2 0 1 6]). As 
w ell as b ei n g a hi g h er l e v el of gr a n ul arit y t his a d d e d d at a c h a ll e n g es of ali g ni n g wit h 
c al e n d ars ( e. g. v ar yi n g o n d a y of w e e k a n d m o v e a bl e e v e nts s u c h  as E ast er) a n d m aj or 
s e as o n al v ari ati o n ( e. g. U ni v ersit y t er ms). 

Pr e vi o us  r es e ar c h,  e. g.  [ Li  et  al.  2 0 1 7;  B a n g w a y o- S k e et e  a n d  S k e et e  2 0 1 5],  h a d 
f o c u ss e d o n b uil di n g m o d els of w e b s e ar c h a cti vit y. W e w a nt e d to f o c u s o n a mi x of 
m or e  f o c uss e d  d at a.  W e  w er e  a b l e  t o  s el e ct  fr o m  a  wi d e  v ari et y of  d at a  s o ur c es 
a v ail a bl e t o t h e cit y c o u n cil. H o w e v er, t o bri n g t his d at a t o g e t h er i n a us a bl e f or m, 
w e n e e d e d t o b e gi n b y u n d er st a n di n g t h e n at ur e of t h e d at as ets:  t h e n at ur e a n d v ol u m e 
of d at a; r e p orti n g fr e q u e n c y; a n d m a c hi n e r e a d a bilit y. W hil e al l t h e d at a w as a v ail a bl e 
di git all y, m u c h w as n ot e asil y pr o c ess e d as it c a m e i n t h e f or m  of s pr e a d s h e ets t h at 
w er e  pr e p ar e d  f or  h u m a n  c o n s u m pti o n  r at h er  t h a n  a ut o m ati c  pr o c e ssi n g  ( e. g. 
i n c o nsist e nt c ol u m n s a n d us e of fo nt st yli n g). T h es e l o w-l e v el pr o c essi n g t as k s ar e 
c o m m o n t o m u c h of h et er o g e n e o us d at a a n al yti cs. Fi n all y, o n c e a bl e t o est a blis h a 
s uit a bl e pi p eli n e of pr e- pr o c ess e d d at a, w e n e e d e d t o d et er mi n e  t h e b est f e at ur es, a n d 
t h e n t h e b est al g orit h ms t h at w o ul d e n a bl e u s t o p erf or m f or e c asti n g o n t h e d at a. Aft er 
a  bri ef  o v er vi e w  of  t h e  lit er at ur e,  t h es e  m aj or  mil est o n es  o utl i n e  t h e  c h a pt er’ s 
str u ct ur e: u n d er st a n di n g t h e d at a, s el e cti n g a st or a g e pl atf or m , pr o c essi n g t h e d at a 
a n d p erf or mi n g a n al y s es, a n d fi n all y d e v el o pi n g a si m pl e vis u al is ati o n f or h ot eli er s.  

5. 1  T o u ri s m A n al yti c s 
T h e e m er g e n c e of s m art t o uris m e n c o m p ass es m ulti pl e d at a pr o d u c ers a n d c o ns u m ers 
a n d is l o os el y d efi n e d as t h e gr o wi n g tr e n d f or t h e r eli a n c e of  t o uris m pr o c ess e s o n 
I C T.  U p  t o  t h e  mill e n ni u m,  t his  w as  f o c u ss e d  o n  W e b  1. 0  pr o visio n  of  e n d- u s er 
a c c essi bl e m at eri al (t y pi c all y br o c h ur es). T h e f oll o wi n g d e c a d e  w as c h ar a ct eris e d b y 
t h e gr o wi n g i nfl u e n c e of W e b 2. 0 i n t h e c o nt e xt of i nt er a cti vity a n d t h e e m er g e n c e of 
c o ns u m er- dri v e n r ati n gs ( e. g. [ Xi a n g a n d F es e n m ai er 2 0 1 7; Gr et z el et al. 2 0 1 5 a]). 
T his t e c h n ol o gi c al st e p h as pr o d u c e d gr o wi n g d at a r e p o sit ori es t h at h a v e gr e at v al u e 
i n u n d er st a n di n g t h e i nt er pl a y bet w e e n or g a nis ms i n t h e t o uris m  e c os y st e m [ Gr et z el 
et al. 2 0 1 5 b]. A n al y sis of t h es e r el ati o ns hi ps s u p p orts t h e d e v el o p m e nt of pr e di cti v e 
i nf or m ati cs a s a b asis f or i nfl u e n ci n g f ut ur e a cti viti es. 
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I niti al  w or k  o n  pr e di cti n g  t o uris m  b e h a vi o ur  w as  t y pi c all y  f o c us e d  o n  ti m e- s eri e s 
a n al y sis wit hi n d at a t h at r e pr es e nts m o nt hl y arri v als. T his pr o d u c e d a m e a n a bs ol ut e 
p er c e nt a g e err or ( M A P E) ar o u n d 4 %, i n di c ati n g t h e st a bilit y of t h e a p pr o a c h w h e n 
a p pli e d t o d at a a g gr e g at e d o n a m o nt hl y b asis [ C h u 2 0 0 4]. T h e g r o wt h i n W e b u s a g e 
h as pr o d u c e d  c or p or a  s u c h  as  G o o gl e  Tr e n d s  ( G T)  t h at  c o ul d b e  e x p e ct e d  t o gi v e 
i n si g ht i nt o c o n s u m er b e h a vi o ur in m a n y c o nt e xts i n cl u di n g t o ur is m ( G o o gl e Tr e n ds 
L a b s). I n d e e d, a g gr e g ati n g W e b s e ar c h d at a h as b e e n s h o w n t o b e  a u s ef ul pr e di ct or 
of t o urist arri v als i n a n u m b er of l o c aliti es wit h M A P E v ar yi n g  fr o m l ess t h a n 1 % [ Li 
et al. 2 0 1 7] t o 4. 5 % [ P a d hi a n d P ati 2 0 1 7]. F or e x a m pl e, a si g n ifi c a nt c orr el ati o n w as 
o bs er v e d b et w e e n G o o gl e s e ar c h a cti vit y f o c uss e d o n h ot el a c c o m m o d ati o n a n d h ot el 
b o o ki n gs i n P ort u g al [ Di nis et al. 2 0 1 7]. T his w or k c o n si d er e d hist ori c al d at a r el at e d 
t o t h e p eri o d fr o m 2 0 0 4 t o 2 0 1 2 w hi c h w as a g gr e g at e d o n a m o nt hl y b asis. T h er e is 
a cl e ar c o ntri b uti o n of s e as o n al v ari ati o n t o t h e p att er n s o bs e r v e d. C o m bi ni n g W e b 
s e ar c h d at a f or visit or b ur e a u w e b sit e tr affi c wit h ti m e- s eri es  b as e d pr e di cti o n of h ot el 
b o o ki n gs  pr o vi d es  a  1 5 %  i m pr o v e m e nt  i n  t h e  M A P E  f or  w e e kl y  r o o m   b o o ki n g 
pr e di cti o ns [ Y a n g et al. 2 0 1 4]. 

Pr e di cti v e st u di es b as e d o n W e b s e ar c h d at a a g gr e g at e d at w e e kl y or m o nt hl y l e v els 
of gr a n ul arit y s h o w disti n ct a n n u al tr e n ds. H o w e v er, t h e l e v el of a g gr e g ati o n is n ot 
p arti c ul arl y  h el pf ul  t o  d a y-t o- d a y  b usi n ess  d e cisi o n  m a ki n g.  I n   p arti c ul ar,  t h es e 
st u di es l e a v e o p e n t h e q u esti o n of pr o vi di n g a vi a bl e pr e di cti o n t h at c o ul d b e u s e d t o 
g ui d e h ot eli ers o n a d a y-t o- d a y b asis c o n c er ni n g t h e li k el y d e m a n d f or t h eir pr o d u cts 
a n d t h u s st affi n g l e v els a n d b est u s e of dis c o u nti n g t o b o o st d e m a n d.  

5. 2  M a ki n g s e n s e of t h e a v ail a bl e Gl a s g o w d at a 
D at a  i n  s m art  citi es  i s  g e n er at e d  i n  t w o  m ai n  w a y s:  eit h er  a ut o m ati c all y,  t hr o u g h 
i nfr astr u ct ur e ( e. g. s e n si n g e q ui p m e nt) i n pl a c e ar o u n d t h e city, or m a n u all y, i. e. b y 
h u m a n o p er at or s,  a ut h oriti es  or  e v e n  citi z e n s.  T his q u alit ati v e  disti n cti o n  t y pi c all y 
diff er e nti at es  t h e  n at ur e  of  t h e  d at a  i n  s e v er al  w a y s.  I nfr astr u ct ur e- g e n er at e d  d at a 
pr o vi d es a st e a d y ( a n d t y pi c all y hi g h) fr e q u e n c y str e a m, all o wi n g u s t o o bt ai n fr es h 
( u p-t o- d at e)  i nf or m ati o n  a n d  t o  pl a n  f or  st or a g e  a n d  a n al y sis  si n c e  t h e  v ol u m e  of 
i nf or m ati o n is t y pi c all y pr e di ct a bl e. I n c o ntr ast, h u m a n- g e n er at e d d at a oft e n s uff ers 
fr o m fl u ct u ati o ns i n a v ail a bilit y, st al e n ess a n d l o w v ol u m e b ut is oft e n m or e ali g n e d 
wit h  b usi n ess  g o als.  A n ot h er  i m p ort a nt  disti n cti o n  is  t h at  i nfr astr u ct ur e  d at a  is 
t y pi c all y d eli v er e d i n a m a c hi n e-r e a d a bl e f or m, oft e n wit h a n ass o ci at e d A p pli c ati o n 
Pr o gr a m mi n g  I nt erf a c es  ( A PIs)  f or  dir e ct  q u er yi n g  of  t h e  d at a. C o ntr asti n g  t his, 
h u m a n- g e n er at e d d at a is oft e n pr o vi d e d i n f or ms o pti mi z e d f or h u m a n r e a di n g, a n d 
i n fil e f or m ats t h at ar e m or e diffi c ult t o p ars e pr o gr a m m ati c all y ( e. g. X L S X, D O C, 
P D F  et c).  T his  is  a n  i m p ort a nt  c o n si d er ati o n,  si n c e  m a c hi n e-r e a d a bl e  d at a  oft e n 
r e q uir es mi ni m al tr a nsf or m ati o n a n d pr e- pr o c essi n g, a n d w h e n it d o es, t h e c o d e a n d 
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al g orit h ms r e q uir e d t o d o s o ar e t y pi c all y e as y t o pr o d u c e. O n t h e ot h er h a n d, d at a 
t h at is n ot a ut o m ati c all y g e n er at e d oft e n r e q uir es e xt e nsi v e m ani p ul ati o n t o e xtr a ct 
u s ef ul i nf or m ati o n el e m e nts a n d t h e al g orit h ms r e q uir e d t o d o s o c a n b e c o m pl e x a n d 
err or  pr o n e,  as  t h er e  ar e  n o  g u ar a nt e es  t h at  all  d o c u m e nts  will   a d h er e  t o  si mil ar 
f or m ats  or  c o nt ai n  t h e  s a m e  t y p e  of  i nf or m ati o n  at  t h e  s a m e  l o cati o ns  wit hi n  t h e 
d o c u m e nt  ( e. g.  [ R ui z  2 0 1 9]).  M u c h  w e b  g e n er at e d  i nf or m ati o n  c a n   b e  c o nsi d er e d 
s e mi- a ut o m ati c: d at a a b o ut h u m a n a cti viti es s u c h as w e b s e ar c hi n g is oft e n pr o vi d e d 
wit h a ut o m ati c li k e A PIs a n d d at a f or m at s b ut is i n h er e ntl y h u m a n g e n er at e d s o o p e n 
t o n ois e i ntr o d u c e d b y h u m a n us e of s y st e ms. 

Wit h t his i n mi n d, w e e x a mi n e d a r a n g e of d at a s o ur c es b ot h fr o m o ur pr oj e ct p art n ers 
a n d o p e n d at a a v ail a bl e o n t h e w e b. T h e c h ar a ct eristi c s of t h e d at as et s ar e s h o w n i n 
T a bl e 5. 1. 

 T a bl e 5. 1   Pr oj e ct d at as ets a n d t h eir m ai n c h ar a ct eristi c s 

D at as et F or m at R e a d a bilit y Si z e D es cri pti o n 

S k y s c a n n er fli g ht 
e n q uiri es 

C S V  V er y Hi g h 
V er y 
l ar g e 

Q u er y a bl e A PI f or fli g ht 
s e ar c h es a n d r e dir e cts t o airli n e 
w e bsit es f or b o o ki n gs. 
S u p pli e d vi a G C M B.  

LJ F or e c ast er 
H ot el O c c u p a n c y 

X L S  M e di u m  S m all 
M o nt hl y h ot el o c c u p a n c y 
r e p orts.  S u p pli e d vi a G C M B.  

G C M B E v e nt 
listi n gs 

X L S  L o w  S m all 
M o nt hl y pl a n n e d e v e nts ( e. g. 
m u si c, s p orts, c o nf er e n c es, 
arts) i n Gl as g o w 

S pri n g b o ar d 
F o otf all 

H T M L  Hi g h  S m all 

Q u er y a bl e A PI f or p e d estri a n 
c o u nts i n Gl as g o w’ s m ai n 
s h o p pi n g str e ets.  S u p pli e d vi a 
G C M B.  

Gl as g o w Lif e 
v e n u e att e n d a n c e 

X L S  G o o d  S m all 

M o nt hl y att e n d a n c e d at a 
c oll e ct e d fr o m all Gl as g o w 
Lif e f a ciliti es.  S u p pli e d vi a 
G C M B.  

S Q W F or e c ast 
d at as et 

X L S  M e di u m  S m all D at a fr o m a t o uris m 
f or e c asti n g r e p ort o bt ai n e d 
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t hr o u g h c o n s ult a n c y fir m.  
S u p pli e d vi a G C M B.  

I A T A air p ort 
c o d es 

C S V  V er y Hi g h  S m all  O p e n d at a fr o m O K F N. 

C y clist/ 
P e d estri a n c o u nts 
i n Cit y C e ntr e 

C S V  V er y Hi g h  S m all 
O bt ai n e d wit h a m a n u al c o u nt 
i n S e pt. 2 0 1 4. Gl as g o w cit y 
o p e n d at a. 

I nt er n ati o n al Air 
P ass e n g er Tr affi c 
R o ut e A n al ysis  

C S V  V er y Hi g h  S m all 

T ot al n u m b er of p ass e n g ers 
fl yi n g fr o m Gl as g o w air p ort t o 
ot h er I nt er n ati o n al t er mi n als o n 
a m o nt hl y b asis. Fr o m 
Gl as g o w Air p ort - 2 0 1 4 

U K air p ort d at a  C S V  V er y Hi g h  S m all 

V ari o u s r e p orts r el ati n g t o 
p ass e n g er v ol u m e ( P A x) a n d 
air cr aft m o v e m e nt at U K 
air p orts o n a d ail y b asis. U K 
C A A s u p pli e d. 

Gl as g o w c ar 
p ar k f e e d 

J S O N  V er y Hi g h 
S m all 
b ut 
oft e n 

R e al ti m e f e e d of Gl as g o w c ar 
p ar k o c c u p a n c y. Gl as g o w o p e n 
d at a. 

 

Fr o m t h es e d at as et s, w e s el e ct e d t o pr o c e e d usi n g t h e F o otf all,  S k y s c a n n er a n d H ot el 
d at as ets o nl y, all pr o vi d e d t o u s b y G C M B. T h e r est w er e e x cl u d e d f or a v ari et y of 
r e as o n s: s o m e s ets w er e pr o d u c e d wit h c o nsi d er a bl e d el a y t o b e pr a cti c all y u s ef ul f or 
pr e di cti o ns ( e. g. t w o or t hr e e m o nt h s aft er t h e r ef er e n c e ti m efr a m e), ot h ers w er e o n e-
off d at a s n a ps h ots, a n d ot h ers w er e n ot ti m e- s eri es d at a or di d  n ot c o nt ai n a d e q u at e 
t e m p or al  r es ol uti o n  t o  b e  u s ef ul.  Still,  w e  n ot e d  t h at  t h e  d at as ets  w e  us e d  ar e,  b y 
n at ur e,  i n c o m pl et e.  F or  e x a m pl e,  w e  c al c ul at e d  t h at  S k ys c a n n er r e dir e ct  d at a 
r e pr es e nts as littl e as a p pr o xi m at el y 1 5 % of t h e t ot al p ass e n g er v ol u m e at Gl as g o w 
Air p ort, b y i nt er p ol ati n g wit h t h e U K C A A offi ci al d at a, b ut it  is f ar m or e d et ail e d. 
F urt h er m or e,  as  S k y s c a n n er’ s  m ar k et  s h ar e  v ari es  gl o b all y  it  m a y  gi v e  a  bi as e d 
s a m pl e of visit ors - as p e cts t h at m u st b e c o nsi d er e d w h e n r e vi e wi n g d at a s o ur c es. 
H ot el d at a c o m es fr o m 2 5 m aj or h ot els a n d d o es n ot i n cl u d e all Gl as g o w h ot els a n d 
a c c o m m o d ati o n t y p es ( e. g. B & B). F o otf all d at a d o es n ot c o v er al l e ntri es a n d e xits 
i nt o a n ar e a of i nt er est a n d t h us pr o vi d es a li mit e d vi e w of p ed estri a ns at t h e gi v e n 
l o c ati o n s, n ot tr aj e ct ori es. I n t h e c o nt e xt of a s m art cit y, it is al m ost i m p ossi bl e t o 
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c a pt ur e  all  d at a  p erti n e nt  t o  a  pr o bl e m.  T his  d at a,  h o w e v er,  c a n  b e  t h o u g ht  t o  b e 
r e pr es e nt ati v e  of  t h e  t o uris m  i n d ustr y’ s  “ p uls e ”  –  m e as uri n g  it  s h o ul d  gi v e  u s  a 
r e as o n a bl y  g o o d  i d e a  of  t h e  h e alt h  of  t h e  t o uris m  i n d u str y  i n  th e  cit y.  N e xt,  w e 
d es cri b e t h e t hr e e d at as ets i n m or e d et ail, a n d pr o vi d e s o m e e x pl or at or y vis u alis ati o ns 
f or t h es e, w hi c h w er e h el pf ul i n assisti n g o ur i niti al u n d erst a n di n g of t h e d at a w e h a d 
a v ail a bl e. A s a s oft w ar e pl atf or m f or o ur pr oj e ct, w e u s e d Mi cr os oft A z ur e, si n c e t his 
w as  a v ail a bl e  t hr o u g h  o ur  G C M B  p ar t n er.  A z ur e  pr o vi d es  a  u nifi ed  pl atf or m  f or 
str u ct ur e d  a n d  u nstr u ct ur e d  d at a  st or a g e  a n d  q u er yi n g,  w hi c h  i n cl u d es  a n 
e n vir o n m e nt o n w hi c h t o e x e c u t e m a c hi n e l e ar ni n g al g orit h ms o n t h e d at a. F or t h e 
p ur p os es of t his q ui c k e x pl or at or y pr o c ess, w e u pl o a d e d t h e a v a il a bl e d at a i nt o A z ur e 
st or a g e, fr o m w hi c h w e c o ul d e asil y pr o d u c e si m pl e a g gr e g ati o ns  t hr o u g h S Q L-t y p e 
q u eri es. T h e r es ults of t h es e q u eri es w er e d o w nl o a d e d a n d i m p or t e d i nt o Mi cr o s oft 
E x c el as . cs v fil es, w hi c h w e t h e n u s e d t o pr o d u c e q ui c k vis u al is ati o ns. 

5. 2. 1  F o otf all d at a 
F o otf all  d at a  is  o bt ai n e d  t hr o u g h  a ut o m ati c  s e n s or s  i n st all e d  i n  v ari o us  l o c ati o ns 
ar o u n d Gl as g o w u si n g e q ui p m e nt fr o m S pri n g b o ar d Lt d, b as e d o n r e al-ti m e C C T V 
i m a g e a n al ysis. T h er e ar e 4 m ai n l o c ati o ns of i nt er ests i n t h e cit y c e ntr e p e d estri a n 
s h o p pi n g str e ets ( Ar g yl e St., B u c h a n a n St. ( 2 l o c ati o n s), a n d S a u c hi e h all St.) wit h 
t w o f urt h er l o c ati o ns ( S a u c hi e h all St. a n d B at h St.) o ut wit h t he m ai n p e d estri a n ar e as. 
T h eir a p pr o xi m at e l o c ati o ns ar e d e pi ct e d i n Fi g ur e 5. 1.  

 

 Fi g u r e 5. 1   L o c ati o n of t h e p e d estri a n f o otf all e q ui p m e nt. T h e m ai n p e d estri a n s h o p pi n g str e ets 
(t h e St yl e Mil e) ar e m ar k e d i n li g ht bl u e. 

T h e A PI pr o vi d e d all o ws q u er yi n g u si n g a st art a n d e n d d at e p ar a m et er, a n d r et ur n s 
a n H T M L w e b p a g e wit h t h e s e ns or I D, d at e, h o ur a n d t ot al p e d est ri a n c o u nt o bs er v e d 
i n t h at h o url y p eri o d. W e d o w nl o a d e d t h e d at a f or y e ars 2 0 1 4 a nd 2 0 1 5, p arsi n g t h e 
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g e n er at e d H T M L wit h a si m pl e s cri pt a n d i ns ert e d t h e d at a i nt o a r el ati o n al M y S Q L 
d at a b as e t a bl e. T his all o w e d us t o p erf or m b asi c q u er yi n g t o e x a mi n e  t h e d at a f or 
s e as o n alit y a n d t e m p or al p att er ns. I n Fi g ur e 5. 2, w e c a n s e e s o m e i n di c ati o ns of a 
t e m p or al p att er n e m er gi n g a cr o ss t h e t w o y e ars ( e. g. a r e p e ati ng w e e kl y s pi k e p att er n 
a n d a g e n er al s e a s o n al tr e n d). S u c h a d et ail e d vi e w of t h e d at a  als o gi v es i nsi g ht t o 
s o m e s p e ci al e v e nts: A m ar k e d i n cr e as e of f o otf all at t h e e n d o f J ul y 2 0 1 4 a n d t h e 
b e gi n ni n g of A u g u st 2 0 1 4 ( h e a vil y i nfl u e n ci n g t h e 3 0- d a y m o vi n g  a v er a g e), a n d a 
v er y l ar g e s pi k e o n t h e 1 3t h of S e pt e m b er of 2 0 1 4. T h es e s h o w r es p e cti v el y i n cr e as es 
f or t w o m aj or e v e nts:  

1.  T h e Gl as g o w 2 0 1 4 C o m m o n w e alt h G a m es wit h a p pr o x. 6 9 0, 0 0 0 visit o rs t o 

t h e cit y1 .  

2.  T h e  l ar g est  pr o-i n d e p e n d e n c e  r all y 2   h el d  i n  Gl as g o w  fi v e  d a ys  b ef or e  t h e 

2 0 1 4 i n d e p e n d e n c e r ef er e n d u m. 

W e als o n ot e t h e v er y disti n cti v e dr o p i n t h e C hrist m a s a n d N e w  Y e ar w e e k i n b ot h 
y e ars. S o m e of t h es e tr e n ds a n d e v e nts ar e li k el y t o r e p e at a n d s o s h o ul d b e m o d ell e d 
w hil e  ot h er  ar e  o n e- offs  -  d e ci di n g  h o w  t o  h a n dl e  t h es e  c a n  b e a  c h all e n g e  b ut  is 
h el p e d b y w or ki n g cl o s el y wit h t o uris m p art n ers a n d a d di n g c o m p l e m e nt ar y d at a of 
u p c o mi n g si mil ar o n e- off e v e nts. 

                                                   
1  X X C o m m o n w e alt h G a m es Visit or St u d y: Visit or S ur v e y R es ult s R ep ort 

w w w. g o v.s c ot/ p u bli c ati o ns/ x x- c o m m o n w e alt h- g a m es- visit or-st u d y- v isit or-s ur v e y-r es ults-r e p ort/ 

2  w w w. b b c. c o m/ n e ws/ u k-s c otl a n d-s c otl a n d- p oliti cs- 2 9 1 9 0 3 0 6 



 

8  C h a pt er 5: C o m bi ni n g I nfr astr u ct u r e S e ns or a n d T o uris m M a r k et D at a i n a S m a rt Cit y Pr oj e ct 

 

 

 Fi g u r e 5. 2   D ail y  f o otf all  a v er a g e  b y  m o nt h  a n d  w e e k d a y  a cr oss  2 0 1 4- 1 5  ( err or  b a n ds  at 
9 5 % c.i.). Or a n g e li n e pr es e nts a ti m e- s eri es m o vi n g a v er a g e ( 3 0  d a y s). 

B ett er  i n di c ati o n  of  a  t e m p or al  p att er n  i n  t h e  d at a  c o m es  w h e n w e  a g gr e g at e  t h e 
a v er a g es p er w e e k d a y i n e a c h m o nt h f or b ot h t h e 2 0 1 4 a n d 2 0 1 5 d at a ( Fi g ur e 5. 3). 
W e  n ot e  h er e  cl e arl y  t h at  f o otf all  i n  t h e  cit y’ s  s h o p pi n g  str e e ts  i n cr e as es  st e a dil y 
M o n d a y t o S at ur d a y, wit h a l ar g e dr o p o n S u n d a ys ( as t h e s h o p s ar e o p e n f or f e w er 
h o ur s a n d i n S c otl a n d t h at is tr a diti o n all y a l ess s h o p pi n g f o c u ss e d d a y). T h e p att er ns 
ar e  cl os el y  ali g n e d  a cr o ss  b ot h  y e ar s.  T his  a n al y sis  gi v es  us  a   f air  i n di c ati o n  t h at 
f o otf all i n t h e cit y is li k el y pr e di ct a bl e wit h r e as o n a bl e a c c ur a c y. 

  

   Fi g u r e 5. 3  F o otf all a v er a g e b y m o nt h a n d w e e k d a y i n 2 0 1 4 a n d 2 0 1 5. 

T h e a n al y sis of f o otf all hi g hli g hts t h e n e e d t o u n d erst a n d t h e n at ur e of t h e u n d erl yi n g 
a cti vit y b ei n g m o nit or e d b ef or e b li n dl y a p pl yi n g pr e di cti o n: t he s p e ci al e v e nts a n d 
w e e kl y c y cl e of a cit y ar e k e y t o t u ni n g m o d els t o a c c ur at el y r efl e ct cit y lif e. 
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5. 2. 2  H ot el a d v a n c e d r e s e r v ati o n d at a 
H ot el d at a w as o bt ai n e d fr o m L J F or e c ast er, a S c ottis h b as e d t o uris m m ar k et r es e ar c h 
a g e n c y. T h e d at a c o nt ai n e d r o o m b o o ki n g i nf or m ati o n o n a d ail y b asis f or 2 5 h ot els 
i n  t h e  cit y  c e ntr e  a n d  a  f urt h er  8  h ot els  i n  t h e  gr e at er  Gl as g ow  ar e a.  T h e  d at a  is 
pr o vi d e d wit h a d el a y of a p pr o xi m at el y 1 m o nt h f or t h e pr e c e di n g m o nt hl y p eri o d, 
a n d i n cl u d es t h e n u m b er of a v ail a bl e r o o ms, t h e n u m b er of b o o k e d r o o ms, t h e n u m b er 
of “ sl e e p ers ” ( p ers o n s) st a yi n g i n b o o k e d r o o ms a n d t h e g e n er at e d r e v e n u e, f or e a c h 
d at e. T h e d at a is pr o vi d e d i n E x c el s pr e a ds h e ets, w hi c h w er e p ars e d wit h a c u st o m 
s cri pt a n d i n s ert e d i n a r el ati o n al M y S Q L d at a b as e. Si mil ar t o f o otf all d at a, w e pl ott e d 
t h e b o o k e d r o o ms a n d sl e e p ers b ot h o n a d ail y b asis a n d a g gr e g ati n g b y w e e k ( Fi g ur e 
5. 4, Fi g ur e 5. 5). W e als o pl ott e d t h e r e v e n u e fi g ur es ( Fi g ur e 5 . 6). 

 

 Fi g u r e 5. 4 D ail y h ot el o c c u p a n c y b y w e e k i n  2 0 1 4- 1 5 ( err or b a n ds at 9 5 % c.i.) 

 

 Fi g u r e 5. 5   H ot el o c c u p a n c y a v er a g e b y w e e k i n 2 0 1 4- 1 5 ( err or b a n ds at 9 5 % c.i.) 
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  Fi g u r e 5. 6  D ail y h ot el r e v e n u e b y w e e k i n 2 0 1 4- 1 5 

As b ef or e, w e n ot e t h at a r e g ul ar  t e m p or al p att er n e m er g es, with o n e n ot a bl e e v e nt, 
i. e. a l ar g e s pi k e i n r e v e n u e c oi n ci di n g wit h t h e C o m m o n w e alt h g a m es h el d i n t h e 
cit y i n J ul y 2 0 1 4. S ur prisi n gl y t his p e a k is n ot a c c o m p a ni e d b y  a si mil arl y hi g h p e a k 
i n  r o o m  b o o ki n gs  or  t ot al  sl e e p ers,  s h o wi n g  h o w  t h e  m ar k et  c a n w or k  i n  s u c h 
e x c e pti o n al cir c u mst a n c es. 

5. 2. 3  S k y s c a n n er Fli g ht S e ar c h D at a 
D at a i n t h e S k ys c a n n er s et is s e p ar at e d i n t w o disti n ct s u b s ets : s e ar c h es a n d r e dir e cts. 
S e ar c h es is a l o g of all s e ar c h es f or fli g hts t o Gl as g o w I nt er n ati o n al ( G L A) o n t h e 
w e bsit e a n d m o bil e a p p, R e dir e cts is a s m all er d at as et c o nt ai ni n g d et ails of s e ar c h es 
t h at w er e r e dir e ct e d t o airli n e or tr a v el a g e nt w e bsit es s o t h at t h e c u st o m er c o ul d b o o k 
a s el e ct e d fli g ht. At t h e ti m e S k y s c a n n er di d n ot off er i nt e gr a t e d fli g ht b o o ki n g s, b ut 
o nl y  i nf or m ati o n  s o  t h at  t h e  u s er  c o ul d  b e  r e dir e ct e d  t o  t h e  r e l e v a nt  w e bsit e  t o 
c o m pl et e a b o o ki n g. T h er ef or e w hil e “r e dir e ct ” s h o ul d b e vi e w e d  as a str o n g i n di c at or 
of a fli g ht b o o ki n g, it is n ot a g u ar a nt e e t h at t h e b o o ki n g w as  a ct u all y c o m pl et e d. T h e 
l o gs off er  a w e alt h of d at a  fi el ds  i n cl u di n g  i nt e n d e d  tr a v elli ng d at es  (i n b o u n d  a n d 
o ut b o u n d fli g hts), t h e n u m b er of s e ats ( a d ults + c hil dr e n), t h e  st arti n g air p ort f or t h e 
s e ar c h a n d t h e us er’ s l o c al air p ort. D u e t o t h e m assi v e fil e si z e, t h e d at a ( pr o vi d e d as 
C S Vs  t hr o u g h  a  q u er y a bl e  A PI)  w as  h el d  i n  Mi cr os oft  A z ur e  D at a L a k e  st or a g e, 
w hi c h all o w s q u er yi n g t hr o u g h T- S Q L.  

W e first att e m pt e d t o esti m at e t h e visit ors pr es e nt i n Gl as g o w o n a gi v e n d at e b a s e d 
o n t h e s e ar c h a n d r e dir e ct d at a. W e e x cl u d e d r e c or d s f or d a y vi sits ( o ut w ar d = r et ur n 
d at e), tri ps wit h a d ur ati o n w as m or e t h a n 1 0 d a ys ( b as e d o n a d vi c e fr o m G C M B as 
t h es e  ar e  oft e n  st u d e nts  or  l o n g-t er m  visit ors  w h o  w a nt  t o  t o ur  S c otl a n d  o utsi d e 
Gl as g o w), a n d o n e- w a y tri p r e c or d s ( n o r et ur n r e q u est e d). F oll o wi n g t his filt eri n g, 
w e esti m at e d t h e n u m b er of visit or s b o u n d t o b e i n t h e cit y f or  e a c h gi v e n d a y i n 2 0 1 4 
a n d 2 0 1 5, b y tr e ati n g e a c h s e ar c h as b ei n g m a d e b y a si n gl e a n d  disti n ct i n di vi d u al 
a n d t all yi n g u p t h e n u m b er of i n di vi d u als (s e ats) w h o h a v e d e cl ar e d t h at t h e y w o ul d 
b e i n Gl as g o w ( b y st ati n g a n i n b o u n d a n d o ut b o u n d d at e). As a n e x a m pl e, T a bl e 5. 2 
s h o ws t w o s e ar c h es wit h ass o ci at e d o c c u p a n c y esti m at es. 
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 T a bl e 5. 2   S a m pl e fli g ht s e ar c h d at a 

    O c c u p a n c y 

S e ar c h I D S e ats I n b o u n d O ut b o u n d 1 J a n 2 J a n 3 J a n 4 J a n 

1 0 3 0 2  1  0 1/ 0 1/ 2 0 1 5  0 3/ 0 1/ 2 0 1 5 1  1  0  0 

1 0 3 0 3  2  0 2/ 0 1/ 2 0 1 5  0 4/ 0 1/ 2 0 1 5 0  2  2  0 

      1 3 2 0 

B y  a p pl yi n g  t h es e  c al c ul ati o ns  t o  t h e  s e ar c h  d at as et  a n d  t h e  r e dir e ct  d at as et,  w e 
pr o d u c e t w o m etri cs of b us y n ess:  

●  Li k el y  Visit ors:  n u m b er  of  visit ors  pr es e nt  i n  t h e  cit y  c al c ul a t e d  fr o m  t h e 

r e dir e ct d at as et 

●  I nt er est e d Visit ors: n u m b er of visit ors pr es e nt i n t h e cit y c alc ul at e d fr o m t h e 

s e ar c h d at as et 

T h e s u p pli e d d at a di d n ot e x pli citl y li n k s e ar c h es a n d r e dir e ct s n or d o t h e y i d e ntif y 
i n di vi d u als  or  m a c hi n es  m a ki n g  t h e  s e ar c h es,  s o  w e  h a v e  n o  w a y of  i d e ntif yi n g 
w h et h er t w o or m or e s e ar c h / r e dir e ct r e c or ds h a v e b e e n m a d e b y  t h e s a m e i n di vi d u al. 
H e n c e, t h es e t w o m etri c s ar e a r o u g h a p pr o xi m ati o n a n d ar e a c o m bi n ati o n of str e n gt h 
of  i nt er est  ( a  p ers o n  mi g ht  b e  r e p e at e dl y  s e ar c hi n g  f or  t h e  s a m e  d at es)  a n d  a ct u al 
i nt e n d e d visits. T h er ef or e w e h a v e a t ot al of f o ur b us y n ess i n di c at ors: 

●  Li k el y  Arri v als:  N u m b er  of  p e o pl e  fl yi n g  i nt o  Gl as g o w  o n  a  gi v e n  d at e 

(r e dir e cts) 

●  Li k el y Visit ors: N u m b er of visit or s fr o m a n y tri p i n Gl as g o w o n  a gi v e n d at e 

(r e dir e cts) 

●  I nt er est e d Arri v als: N u m b er of p e o pl e fl yi n g i nt o Gl as g o w o n a gi v e n d at e 

(s e ar c h es) 

●  I nt er est e d Visit ors: N u m b er of visit ors fr o m a n y tri p i n Gl as g ow o n a gi v e n 

d at e (s e ar c h es) 

T h e c al c ul at e d fi g ur es f or e a c h d at e w er e st or e d i n a r el ati o n a l M y S Q L d at a b as e f or 

f urt h er pr o c essi n g. A ti m eli n e of t h es e m etri cs is s h o w n i n Fi gur e 5. 7. 
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 Fi g u r e 5. 7 D ail y visit ors pr es e n c e a n d arri v als i n 2 0 1 4- 1 5 

Fr o m  t his  d at a,  w e  n ot e  a  r e g ul ar  ( w e e kl y)  p att er n  s h o wi n g  i n cr e as e d  i nt er est  i n 
w e e k e n d  arri v als  ( Fri d a y  &  S at ur d a y)  as  w ell  a s  a  s e a s o n al  tr e n d,  wit h  i n cr e as e d 
tr affi c i n t h e s u m m er m o nt h s (J ul y a n d A u g ust). W e n ot e h er e t hat t h er e d o es n’t s e e m 
t o  b e  m u c h  c orr el ati o n  b et w e e n  s e ar c h es  a n d  r e dir e cts  pri or  t o A pril  2 0 1 5.  T his 
a p p e ars t o h a v e b e e n a r es ult of S k ys c a n n er c h a n gi n g h o w r e dir e cts w er e pr o m ot e d 
fr o m s e ar c h r es ults. It is als o w ort h n oti n g t h at i nt er est f or Gl as g o w i n t h e S k ys c a n n er 
pl atf or m is q uit e l o w i n e arl y 2 0 1 4. T his is i n di c ati v e of t h ei r e arl y gr o wi n g m ar k et 
s h ar e  c o m bi n e d  wit h  s e ar c h es  f or  f ut ur e  tr a v el.  T h er ef or e,  i n  c o ntr ast  wit h  ot h er 
d at as ets ( h ot els & f o otf all), it is i m p ort a nt t o n ot e h er e t h at  t h e o bs er v e d fi g ur es ar e 
as  r efl e cti v e  of  t h e  S k ys c a n n er  pl atf or m’ s  m ar k et  s u c c ess  a n d  i nt erf a c e  d esi g n 
c h a n g es, as t h e y ar e of i nt er est i n t h e cit y of Gl as g o w.  

A u s er i nt erf a c e r el at e d iss u e als o b e c a m e cl e ar o n a n al y si n g t h e d at a: t h e first of t h e 
m o nt h a p p e ar e d t o g et a b o ost, as di d tr a v elli n g o n t h e d a y of t h e s e ar c h. S a m e d a y 
b o o ki n gs  ar e  v er y  r ar e  a n d  G C M B  di d  n ot  b eli e v e  t h e  first  t o  b e   p arti c ul arl y 
si g nifi c a nt, h o w e v er i n t h e i nt erf a c e if u s er s d o n ot s et a d at e it d ef a ults t o tr a v el t o d a y 
a n d w e h y p ot h esi z e t h at us ers d oi n g s p e c ul ati v e s e ar c h es m a y pi c k, s a y 1 st J u n e t o 
g et a n i d e a f or s u m m er tri p pri c es t o Gl as g o w wit h n o pl a n t o b o o k i m m e di at el y. 
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 Fi g u r e 5. 8 S a m pl e fli g ht s e ar c h i nt erf a c e c. 2 0 1 5  

5. 3  Pr e di cti n g b u si n e s s i n di c at or s 
Alt h o u g h o ur i niti al d at a e x pl or ati o n us e d u ns o p histi c at e d t o ol s, f or t h e p ur p o s es of 
pr o d u ci n g t h e d esir e d pr e di cti o n s, w e n e e d e d t o e m pl o y m or e p o w erf ul t o ols. F or t his 
p ur p os e,  w e s el e ct e d,  a m o n gst  a  r a n g e  of o pti o n s,  t o  e x pl or e  t h e d at a usi n g  t h e R 
l a n g u a g e.  R  is  a  wi d el y  p o p ul ar  pl atf or m  f or  st atisti c al  c o m p uti n g  wit h  m a n y 
p a c k a g es f or st atisti c al a n d m a c hi n e l e ar ni n g a p pr o a c h es, a n d i s als o s u p p ort e d b y 
A z ur e. As w e d es cri b e o ur fi n di n gs i n t h e n e xt s e cti o ns, w e wil l als o m e nti o n t h e R 
p a c k a g es a n d t o ols u s e d t hr o u g h o ut t h e a n al y sis. 

Si n c e, as c a n b e s e e n, o ur d at a c o nsists of diff er e nt ti m eli n es  wit h v ar yi n g gr a n ul arit y, 
t h er e ar e t w o a p pr o a c h es t h at c o ul d b e u s e d t o pr e di ct t h e k e y b usi n ess i n di c at ors 
fr o m t his d at a. T h e first a p pr o a c h is t o us e e a c h d at a s eri es in di vi d u all y a n d t o tr y t o 
pr e di ct f ut ur e v al u es b as e d o n t h e hist or y of t h e ti m e s eri es ( u ni v ari at e a p pr o a c h). 
T his  a p pr o a c h  m a y  yi el d  g o o d  r es ults,  p arti c ul arl y  w h e n  t h e  d at a  e x hi bits  a  cl e ar 
t e m p or al  p att er n  (i. e.,  p eri o di cit y).  O n  t h e  ot h er  h a n d,  t his  ap pr o a c h  mis s es  t h e 
i nt er pl a y b et w e e n diff er e nt d at a s o ur c es, a n d t h er ef or e c o m bi nin g d at a s o ur c es i nt o a 
si n gl e pr e di cti v e m o d el, m a y yi el d f ar m or e a c c ur at e r es ults. 

5. 3. 1  U ni v ari at e m o d el s 
W e p erf or m e d u ni v ari at e ti m es eri es pr e di cti o n s o n o ur d at as ets:  c a n w e c a n pr e di ct 
t h e  v al u e  of  a  gi v e n  m etri c,  b as e d  o n  t his  m etri c’ s  hist or y  al on e.  F or  t his  t y p e  of 
a n al y sis, as w ell as f or t h e m u lti v ari at e a n al y s es t h at f oll o w, w e u s e d t h e li br ari es 
off er e d b y t h e R ‘f o r e c ast’ p a c k a g e3 . F or u ni v ari at e a n al y sis, w e a p pli e d f o ur m o d els, 
w hi c h  ar e  e x pl ai n e d  i n  gr e at  d et ail  ( b ot h  t h e or y  a n d  u s e  i n  R) i n  [ H y n d m a n  a n d 
At h a n as o p o ul o s 2 0 1 8]:  

●  S T L- n ai v e :  S e as o n al  Tr e n d  d e c o m p o siti o n  usi n g  L o ess)  a n d  a  n ai v e 

pr e di ct or [ H y n d m a n & At h a n as o p o ul os 2 0 1 8, c h. 6] 

●  H W A :  H olt- Wi nt ers  s e as o n al  m et h o d  ( a d diti v e  m o d el)    [ H y n d m a n  & 

At h a n a s o p o ul o s 2 0 1 8, c h. 7] 

                                                   
3  R F or e c ast p a c k a g e htt ps:// git h u b. c o m/r o bj h y n d m a n/f or e c ast 
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●  H W M:  H olt- Wi nt ers s e a s o n al m et h o d (m ulti pli c ati v e m o d el) [ H y n d m a n &  

At h a n a s o p o ul o s 2 0 1 8, c h. 7] 

●  N N A R:  N e ur al N et w or k A ut or e gr essi o n [ H y n d m a n & At h a n as o p o ul o s 2 0 1 8, 

c h. 1 1] 

T h e ti m e s eri es i n all c a s e s ar e c o n si d er e d t o h a v e a s e a s o n al p ar a m et er of 7 (i. e. o n e 
w e e k). W e c o nsi d er all d at a st arti n g fr o m W e e k 0 ( b e gi n ni n g of o ur d at as ets) t o W e e k 
9 5 as i n p uts t o t h e m o d el’ s tr ai ni n g. Fr o m t his d at a, w e pr e di c t t h e v al u es f or t h e 2 1 
d a ys ( 3 w e e ks) f oll o wi n g t h e e n d of W e e k 9 5. W hil e t h es e m o d els  ar e t u n a bl e t hr o u g h 
a  r a n g e  of  p ar a m et ers,  i n  t his  i niti al  i n v esti g ati o n  w e  ass e ss e d  t h eir  pr e di cti v e 
p erf or m a n c e wit h o ut i n v esti g ati n g t h e o pti m al t u ni n g of t h es e p ar a m et er s a n d i n st e a d 
u s e a s et of p ar a m et er v al u es t h at ar e r e as o n a bl e esti m at es b as e d o n t h e n at ur e of t h e 
d at a i n t h e ti m e s eri es. T h e p ar a m et ers ar e s h o w n i n T a bl e 5. 3.  

 T a bl e 5. 3   P ar a m et ers f or u ni v ari at e m o d elli n g 

M o d el P ar a m et er V al u e 

S T L 

 

Tr e n d wi n d o w  3 0 

S e as o n al wi n d o w  7 

R o b u st  T R U E 

D at a p oi nts t o pr e di ct  2 0 

H W A S e as o n al m o d el “ a d diti v e ” 

D at a p oi nts t o pr e di ct  2 0 

H W M S e as o n al m o d el “ m ulti pli c ati v e ” 

D at a p oi nts t o pr e di ct  2 0 

N N A R  S e as o n al l a gs 4 

Hi d d e n n o d es 5 

N u m b er of N Ns t o tr ai n  2 0 

D at a p oi nts t o pr e di ct  2 0 

 

Si n c e i n t his pr oj e ct w e w er e m o stl y i nt er est e d i n e x a mi ni n g t h e pr e di cti v e p o w er of 
t h e c o m bi n e d d at as ets, w e w o n’t r e p ort o n all t h e o ut c o m es of th e u ni v ari at e a n al y s es 
h er e, b ut si n c e t his t e c h ni q u e c a n b e u s ef ul i n pr o vi di n g at l e ast a f or m of b as eli n e o n 
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t h e  pr e di cti v e  p o w er  of  e a c h  i n di vi d u al  ti m e  s eri es,  w e  will  w or k  t hr o u g h  o n e 
e x a m pl e of o ur k e y pr e di cti o n t ar g ets: h ot el r o o m a n d sl e e p er b o o ki n g s. 

5. 3. 2  U ni v ari at e p r e di cti o n s o n h ot el d at a 
W e st art off wit h S T L, as t his t e c h ni q u e att e m pts t o br e a k d o w n  a ti m e s eri es i nt o t w o 
c o m p o n e nts  t h at  c a n  pr o vi d e  v al u a bl e  i n si g hts  a b o ut  a  ti m e  s eri es.  T h es e  ar e  t h e 
s e as o n al a n d tr e n d c o m p o n e nts. As c a n b e s e e n i n Fi g ur e 5. 9, t h e h ot el r o o m b o o ki n g s 
d e m o n str at e a st e a d y s e as o n al, i n o ur c as e w e e kl y, v ari ati o n w h il e t h e tr e n d p att er n 
h er e s h o ws h o w h ot el b usi n ess v ari es t hr o u g h o ut t h e y e ars. T h e “r e m ai n d ers ” at t h e 
b ott o m of t h e fi g ur e ar e u s ef ul i n i d e ntif yi n g d e p art ur es fr o m “ n or m al ” v al u es, i. e. 
e xtr e m e c as e s ( s u c h as t h e l ar g e di p j ust aft er t h e N e w Y e ar p e ri o d). Wit h s u c h cl e ar 
s e as o n al a n d tr e n d c o m p o n e nts, w e c a n h a v e at l e ast s o m e c o nfi d e n c e t h at t his ti m e 
s eri es h as r e a s o n a bl e pr e di cti v e p o w er. 

 

 Fi g u r e 5. 9 S T L d e c o m p o siti o n r es ults o n h ot el r o o m b o o ki n g d at a (ti m e is i n w e e k s) 

R u n ni n g t h e f or e c asti n g m o d els o n t h e h ot el b o o ki n g d at a ti m e s eri es, gi v es mi x e d 
r es ults. W e c a n s e e t h at all m o d els p erf or m w ell i n pr e di cti n g t h e hi g h s a n d l o ws of 
t h e d at as et, b ut n ot t h at w ell i n t h e “i n- b et w e e n ” v al u es. A c om p aris o n of t h e a v er a g e 
pr e di cti o n err or s h o ws t h at o v er all, f or t h e 3 w e e ks, t h e m o d el s p erf or m e d wit h a n 
a v er a g e err or r at e b et w e e n 1 0- 1 5 % of t h e a ct u al l e v el of r o o m b o o ki n g s f or all t h e 
d at es i n t h e pr e di cti o n p eri o d. T his is a f airl y g o o d st art a n d  s ets t h e b as eli n e f or a n y 
f urt h er i m pr o v e m e nts t hr o u g h c o m bi ni n g d at a. I n t h e n e xt s e cti on, w e will dis c u ss 
h o w c o m bi ni n g m ulti pl e ti m e s eri e s aff e ct e d t h e pr e di cti o n t ar g ets. 
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 Fi g u r e 5. 1 0 U ni v ari at e pr e di cti o n s f or h ot el r o o m ( a b o v e) a n d sl e e p ers ( b elo w) 

O v er all,  u si n g  a  9 0  d a y  tr ai ni n g  wi n d o w  a n d  r u n ni n g  t h e  a n al y si s  f or  t h e  e ntir e 
J ul y’ 1 5 - M a y’ 1 6 p eri o d ( pr e di cti n g 4 w e e ks a h e a d of t h e fir st of e a c h m o nt h), w e 
s e e i n o n e c as e w e ar e a bl e t o o bt ai n a r e as o n a bl y g o o d a c c ur a c y ( S T L, sl e e p ers), b ut 
o v er all t h e err or m ar gi n s ar e q uit e hi g h ( Fi g ur e 5. 1 1). 

 

 Fi g u r e 5. 1 1 N R M S E f or u ni v ari at e pr e di cti o ns 
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5. 4  M ulti v ari at e pr e di cti o n s 
M ulti v ari at e  a n al y s es  c a n  yi el d  p ot e nti all y  m or e  a c c ur at e  r es ul ts  b y  c a pt uri n g  t h e 
r el ati o n s hi p s b et w e e n a hi g h n u m b er of f e at ur es, b ut m a y r es ult i n a n o v erl y c o m pl e x 
a n d c o m p ut ati o n all y i nt e nsi v e m o d el. S o m eti m es, a d di n g m or e f e a t ur es i n a d at as et 
d o es n’t  n e c ess aril y  m e a n  t h at  w e  will  i m pr o v e  t h e  pr e di cti o n  p e rf or m a n c e,  a n d  a 
r e as o n  f or  t his  is  oft e n  t h at  d at a  f e at ur es  m a y  e x hi bit  str o n g c orr el ati o ns.  If  t w o 
f e at ur es ar e str o n gl y c orr el at e d, w e g ai n v er y littl e n e w i nf or m ati o n b y i n cl u di n g b ot h 
f e at ur es i n a pr e di cti v e m o d el. T h er ef or e, w e s h o ul d att e m pt at t h e st art t o e x a mi n e 
o ur d at a f e at ur es f or c orr el ati o n s a n d t o tr y t o r e d u c e t h e di m e nsi o n alit y of o ur d at as et 
as m u c h as p ossi bl e. 

  5. 4. 1  M ulti v ari at e f e at ur e s 
I n o ur c as e, o ur d at as et c o nt ai n e d 1 4 f e at ur es ( T a bl e 5. 4), s o me fr o m r a w d at a a n d 
s o m e d eri v e d fr o m t h e r a w d at as ets. All v al u es ar e c al c ul at e d o n a d ail y b asis. 

 T a bl e 5. 4   F e at ur es f or m ulti v ari at e pr e di cti o n 

F e at ur e   D es cri pti o n 

D at e  T h e d at e f or w hi c h t h e f e at ur e v al u es ar e c al c ul at e d 

Li k el y Visit ors N u m b er of visit ors pr es e nt i n t h e cit y c al c ul at e d fr o m 
t h e r e dir e ct d at as et 

R o o ms S u m of b o o k e d r o o ms i n all h ot els 

Sl e e p er s S u m of b o o k e d sl e e p ers i n all h ot els 

R e v e n u e  R e v e n u e g e n er at e d fr o m all h ot els 

I nt er est e d visit ors N u m b er of visit ors pr es e nt i n t h e cit y c al c ul at e d fr o m 
t h e s e ar c h es d at as et 

F o otf all  A v er a g e n u m b er of p e d e stri a ns d et e ct e d p er l o c ati o n 

A v er a g e r o o ms  A v er a g e n u m b er of r o o m o c c u p a n c y p er h ot el 

A v er a g e sl e e p ers  A v er a g e n u m b er of sl e e p er o c c u p a n c y p er h ot el 

Li k el y Arri vi n g tri p s N u m b er of tri ps arri vi n g i nt o Gl as g o w, c al c ul at e d fr o m 
t h e r e dir e ct d at as et 

Li k el y Arri vi n g 
p ass e n g er s

N u m b er  of  p ass e n g ers  arri vi n g  i nt o  Gl as g o w  ( e a c h 
“tri p ”  c a n  h a v e  m ulti pl e  p ass e n g er s),  c al c ul at e d  fr o m 
t h e r e dir e ct d at as et 
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I nt er est e d tri p s N u m b er of tri ps arri vi n g i nt o Gl as g o w, c al c ul at e d fr o m 
t h e s e ar c h es d at as et 

I nt er est e d arri vi n g 
p ass e n g er s

N u m b er  of  p ass e n g ers  arri vi n g  i nt o  Gl as g o w  ( e a c h 
“tri p ”  c a n  h a v e  m ulti pl e  p ass e n g er s),  c al c ul at e d  fr o m 
t h e s e ar c h es d at as et 

T ot al tri p s S u m of i nt er est e d a n d li k el y tri p s 

T ot al arri vi n g p ass e n g ers S u m of i nt er est e d a n d li k el y p ass e n g er s 
 

A s  n ot e d  e arli er  fr o m  i ns p e cti o n  o f  t h e  d at a  w e  s a w  t h at  t h er e ar e  t w o  p eri o d s  of 
st a bilis ati o n of t h e d at a: Fr o m J u l y 2 0 1 4 o n w ar ds, t h e n u m b er of t ot al arri vi n g tri ps 
s e e ms t o st a bilis e. H o w e v er, t h e t ot al n u m b er of p ass e n g er s i n c r e as es h e a vil y fr o m 
A pril 2 0 1 5 a n d t h e n st a bilis e s i n a r e g ul ar p att er n of v ol u m e. T his m e a n s t h at pri or t o 
t h at d at e, u s ers w er e pr o b a bl y n ot d e cl ari n g a n a c c ur at e n u m b er of p ass e n g ers ( w hi c h 
m a k es s e ns e, b e c a us e w e s e e t h at pri or t o t h at d at e, t h e w e b sit e w as us e d m ostl y f or 
s e ar c h es). O n c e r e dir e cts b e gi n t o o v ert a k e t h e v ol u m e of s e ar c h es, t h e v ol u m e of 
d e cl ar e d p ass e n g er i n cr e as es. T his m e a n s t h at w e s h o ul d, f or c o rr el ati o n p ur p os es, 
o nl y  c o nsi d er  S k y s c a n n er  d at a  aft er  0 1/ 0 4/ 2 0 1 5.  T h e  ot h er  d at a s eri es  ( h ot els, 
f o otf all) ar e r e g ul ar a n d d o n ot n e e d t h e a p pli c ati o n of e x cl usi o n crit eri a.  

5. 4. 2  F e at u r e c orr el ati o n a n al y si s 
B as e d o n t his e x cl usi o n, w e c a n  i n v esti g at e p ossi bl e c orr el ati o ns b et w e e n p air s of 
f e at ur es. O n e w a y t o a c hi e v e t his vis u all y, is b y pl ot t h e c orrel ati o ns a n d s c att er pl ot 
m atri c es ( Fi g ur e 5. 1 2), s h o wi n g c o m bi n at ori al s c att er pl ots of a ll v ari a bl e p airs. T h es e 
ar e e as y t o pr o d u c e, u si n g t h e s c att er pl ot M atri x() f u n cti o n fr o m t h e ‘ c a r’ R p a c k a g e, 
a n d  t h e c o rr g r a m()  f u n cti o n  fr o m t h e ‘ c o rr gr a m’  p a c k a g e,  a n d pr o vi di n g i n b ot h 
c as es o nl y t h e d at afr a m e as t h e s ol e p ar a m et er.. 
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 Fi g u r e 5. 1 2   S c att er pl ot m atri x wit h c orr el ati o ns m atri x i ns ert 

I n a d diti o n t o vis u all y i n s p e cti n g t h e c orr el ati o ns m atri c es it i s ess e nti al t o c al c ul at e 
t h e l e v el of c orr el ati o n b et w e e n e a c h p air a n d t o t est f or st at i sti c al si g nifi c a n c e. W e 
c al c ul at e d  c orr el ati o n u si n g  S p e ar m a n’ s R h o  as  s h o w n  i n  t a bl e 5 . 4. 2.  F or  t his,  w e 
u s e d t h e r c o rr()  c o m m a n d fr o m t h e ‘ H mis c’ p a c k a g e, w hi c h c al c ul at es all p air wis e 
c orr el ati o ns  a n d  t h eir  st atisti c al  si g nifi c a n c e,  a n d  pr o vi d es  t h e m i n a h a n d y t a bl e 
f or m at. 
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  T a bl e 5. 4. 2  M ulti v ari at e c orr el ati o n a n d si g nifi c a n c e t a bl es 

 

 

T h e c orr el ati o n a n al y sis s h o ws t h at w e c a n d eri v e si g nifi c a nt r el ati o n s hi p s b et w e e n 
al m o st  all  t h e  f e at ur es  i n  t h e  d at as et.  A n  i nt er esti n g  o b s er v at i o n  is  t h at  w hil e  t h e 
c al c ul at e d n u m b er of visit or s i n t h e cit y o n a n y gi v e n d at e ( a s  d eri v e d fr o m s e ar c h es 
a n d  fr o m  r e dir e cts)  d o e s  n ot  c orr el at e  wit h  r o o ms  b o o k e d  o n  t h a t  d at e,  a  str o n gl y 
si g nifi c a nt c orr el ati o n e xist s wit h c al c ul at e d tri p arri v als a n d p ass e n g er arri v als o n 
t h e d at e. T h e u n d erl yi n g ass u m pti o n f or t his d eri v e d m etri c is t h at p e o pl e fl yi n g i nt o 
Gl as g o w will b e st a yi n g i n t h e cit y, a n d t h er ef or e will b e b o o k i n g h ot el r o o ms f or 
t h eir  st a y.  H o w e v er,  t h e  l a c k  of  c orr el ati o n  s h o ws  t h at  t his  ass u m pti o n  mi g ht  b e 
wr o n g.  M a n y  t o urists  u s e  Gl as g o w  air p ort  as  a  g at e w a y  f or  f urt h er  tr a v el  i nt o  t h e 
c o u ntr y ( e. g. t o t h e Hi g hl a n d s or t o E di n b ur g h). F urt h er m or e i n  dis c u ssi n g t his d at a 
wit h t h e t o uris m offi c e, t h e y hi g hli g ht e d t h at ar o u n d 3 0 % of ar ri v als st a y wit h fri e n ds 
or f a mil y. A n a d diti o n al c o n c er n c o ul d b e t h at o ur h y p ot h esis i s n ot i n c orr e ct, b ut t h e 
w a y  w e  ar e  esti m ati n g  pr es e nt  visit ors  mi g ht  b e  wr o n g  ( e. g.  t h e   1 0  d a y s  c ut- off 
wi n d o w is t o o l ar g e a n d t h e a v er a g e st a y is m u c h s h ort er). H o w e v er, w e c a n n ot v erif y 
t h es e e x pl a n ati o ns wit h o ur gi v e n d at a.  

5. 4. 3  R e d u ci n g t h e c o m pl e xit y of o u r d at a s et: di m e n si o n alit y r e d u cti o n 
B e c a us e  of  t h e  m a n y  c orr el ati o n s,  it  m a k es  s e ns e  i n  o ur  c as e  t o  i m pl e m e nt s o m e 
m et h o d  of  di m e n si o n alit y  r e d u cti o n,  i n  or d er  t o  a v oi d  “f e e di n g ”   d at a  i nt o  o ur 
pr e di cti v e  m o d el  w hi c h  d o es n’t  c o ntri b ut e  si g nifi c a nt  n e w  i nf or m ati o n.  A p pl yi n g 
di m e n si o n alit y  r e d u cti o n  all o ws  u s  t o  cr e at e  si m pl er  a n d  f ast er   m o d els  ( b ot h  f or 
tr ai ni n g a n d e x e c uti o n p ur p o s es), wit h o ut l o si n g ( a n d i n d e e d, so m eti m es i m pr o vi n g) 
t h e q u alit y of pr e di cti o n s. It als o h el p s wit h st or a g e r e q uir e me nts, a n d t o u n d erst a n d 
a n d vis u alis e t h e d at a ( es p e ci all y if t h e y c a n b e r e d u c e d t o t w o or t hr e e di m e n si o n s).  
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T h er e  ar e  s e v er al  di m e n si o n alit y  t e c h ni q u es  t h at  c a n  b e  a p pli e d   t o  r e d u c e  t h e 
c o m pl e xit y of a d at as et, a n d h er e w e c h os e t h e Pri n ci p al C o m p o n e nt A n al y sis ( P C A) 
t e c h ni q u e.  I n  o ur  c as e,  b e c a us e  of  t h e  m a n y  c orr el ati o ns  i n  t h e  d at a  f e at ur es,  w e 
e x p e ct t h at P C A will b e a bl e t o s i g nifi c a ntl y r e d u c e t h e di m e nsi o n alit y of o ur d at as et, 
r es ulti n g  i n  f ar  f e w er  f e at ur es  t o  b e  us e d  f or  m o d elli n g  a n d  pre di cti o n.  I n  P C A,  a 
pri n ci p al c o m p o n e nt is a li n e ar r e pr es e nt ati o n of t h e c o m bi n e d d at a v al u es, m ulti pli e d 
b y  a  w ei g ht  w  (l o a di n g  f a ct or),  i n  g e n er al:  w a * a + w b * b  +.. +  w n * n  .  T h e  l o a di n g 
f a ct ors r e pr es e nt t h e c orr el ati o n b et w e e n t h e pri n ci p al c o m p o n ents a n d t h e v ari a bl es. 
T h e pr o c ess  r eli es  o n  t h e  ass u m pti o n t h at  m ulti pl e  o bs er v e d v al u es h a v e  a si mil ar 
p att er n,  b e c a us e  t h e y  ar e  all  ass o ci at e d  wit h  s o m e  l at e nt  c o n c e pt,  w hi c h  w e  c a n’t 
dir e ctl y  m e as ur e  ( or  p er h a p s  di d n’t  t hi n k  t o  m e as ur e!).  T h er ef o r e  e a c h  pri n ci p al 
c o m p o n e nt r e pr es e nts t his u n d erl yi n g l at e nt c o n c e pt. 

T h e first pri n ci p al c o m p o n e nt d eri v e d b y P C A is t h e li n e ar c o m b i n ati o n of v ari a bl es 
t h at  h as  m a xi m u m  v ari a n c e  ( a m o n g  all  li n e ar  c o m bi n ati o ns),  s o  it  a c c o u nts  f or  as 
m u c h v ari ati o n i n t h e d at a as p ossi bl e. T h e s e c o n d pri n ci p al c o m p o n e nt is t h e li n e ar 
c o m bi n ati o n  of  v ari a bl es  t h at  a c c o u nts  f or  as  m u c h  of  t h e  r e m ai ni n g  v ari ati o n  as 
p ossi bl e,  wit h  t h e  c o n str ai nt  t h at  t h e  c orr el ati o n  b et w e e n  t h e first  a n d  s e c o n d 
c o m p o n e nt is 0 ( a n d s o f ort h, u ntil t h e i t h P C is c al c ul at e d a n d all v ari a n c e h as b e e n 
a c c o u nt e d  f or).  T h e  l o a di n g  f a ct ors  ar e  c o m p ut e d  fr o m  t h e  ei g e n v al u es  & 
ei g e n v e ct ors of t h e V ari a n c e- C o v ari a n c e m atri x of o ur v ari a bl es  ( d at a).  

St arti n g  off  wit h  P C A,  it  is  cr u ci al  t o  r e m e m b er  t h at  t his  t e c h ni q u e  is  a  s c al e-
d e p e n d e nt pr o c ess,  h e n c e,  w e  s h o ul d first  n or m alis e  t h e  d at a, w hi c h  c a n b e  e asil y 
d o n e u si n g t h e s c al e() f u n cti o n, p art R’ s c or e p a c k a g es. O n c e t his is d o n e, w e c a n 
d eri v e a “ s cr e e pl ot ” t o d et er mi n e h o w m a n y f a ct ors t o k e e p ( Fi g ur e 5. 1 3). T o d o t his, 
w e u s e t h e pr c o m p()  f u n cti o n, p art t h e R c or e p a c k a g es. T h e r es ults of t his f u n ctio n 
c a n  b e  us e d  as  a  p ar a m et er  f or  t h e s cr e e pl ot()   f u n cti o n,  als o  p art  of  t h e  R  c or e 
p a c k a g es. 
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 Fi g u r e 5. 1 3   S cr e e pl ot: Pri n ci pl e C o m p o n e nts a n d t h eir c o m p o n e nt wis e v aria n c e 

I n a s cr e e pl ot, w e’r e l o o ki n g f or t h e “ el b o w ” i n t h e pl ot, w hic h h a p p e ns i n pri n ci p al 
c o m p o n e nt 5. T his el b o w s h o ws t h e p oi nt aft er w hi c h t h e g ai n i n  b ei n g a bl e t o e x pl ai n 
a d diti o n al v ari a n c e b e gi n s t o b e c o m e i nsi g nifi c a nt. W hil e t h er e  ar e ot h er a p pr o a c h es 
( e. g. [ R e a a n d R e a 2 0 1 6]), K ais er’ s r ul e di ct at es t h at w e s h o uld k e e p o nl y c o m p o n e nts 
wit h a v ari a n c e > 1, h e n c e w e s h o u l d r et ai n j ust t h e first 3 c o mp o n e nts. I n o ur c as e, 
w e c a n c o n si d er t h e a p pli c ati o n of t h e K ais er crit eri o n t o b e s uffi ci e nt, as t h e first 3 
c o m p o n e nts als o e x pl ai n 9 1. 2 % of all v ari a n c e, as w e c a n s e e fr o m T a bl e 5. 4. 2. T h e 
v al u es ar e o bt ai n e d fr o m t h e r es ult of t h e p r c o m p()  f u n cti o n. 

 T a bl e 5. 4. 2   C o ntri b uti o n of e a c h pri n ci p al c o m p o n e nt 

Pri n ci p al 

C o m p o n e nt 

C o m p o n e nt- wis e 

v ari a n c e 

C u m ul ati v e 

V ari a n c e 

P C 1 8. 1 8 0. 5 9 

P C 2 3. 2 8 0. 8 2 

P C 3 1. 2 8 0. 9 1 

P C 4 0. 7 4 0. 9 7 

P C 5 0. 1 9 0. 9 8 

P C 6 0. 1 3 0. 9 9 
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P C 7 0. 1 0 1. 0 0 

P C 8 0. 0 3 1. 0 0 

P C 9 0. 0 2 1. 0 0 

P C 1 0 0. 0 1 1. 0 0 

P C 1 1 0. 0 0 1. 0 0 

P C 1 2 0. 0 0 1. 0 0 

N e xt,  w e  s h o ul d  e x a mi n e  t h e  l o a di n gs  of  t h e  v ari a bl es  i n  e a c h  o f  t h e  pri n ci p al 
c o m p o n e nts ( T a bl e 5. 4. 3), a g ai n gi v e n b y t h e r es ults of t h e p r c o m p()  f u n cti o n. T his 
c a n gi v e a n i nt er pr et ati o n of h o w t h e pri n ci p al c o m p o n e nts ar e r el at e d t o o ur ori gi n al 
v al u es. E x pl ai ni n g t h e pri n ci p al c o m p o n e nts i n t er ms of t h eir v al u es is a s u bj e cti v e 
pr o c ess i n w hi c h w e l o o k at t h os e v ari a bl es w hi c h h a v e t h e hi g h est l o a di n g f a ct ors 
( a bs ol ut e  v al u es).  H o w e v er,  t h e  gr o u pi n gs  of  t h e  v ari a bl es  m u st  m a k e  t h e or eti c al 
s e ns e t o t h e r es e ar c h er, i. e. t h at t h e hi g hl y l o a d e d v ari a bl es gr o u p l o gi c all y t o g et h er 
i n t h e c o nt e xt of t h e d at as et. H er e f or t h e first 3 P Cs w e c a n s a y t h at t h e fir st P C is a 
m e as ur e of t h e S k y s c a n n er d at a a n d t o a l ess er e xt e nt h ot el sl e e p ers. R e m e m b er o ur 
pr e vi o u s e x pl a n ati o n t h at n ot all p e o pl e w h o fl y i nt o Gl as g o w a ct u all y st a y i n h ot els ? 
P C 2 is a m e a s ur e of o ur h ot el d at a (r e v e n u e a n d r o o ms) a n d t o a  l ess er e xt e nt sl e e p ers. 
T his als o m a k es l o gi c al s e n s e, si n c e t h e r e v e n u e is m ostl y d e p e n d e nt o n t h e n u m b er 
of r o o ms s ol d, a n d n ot t h e n u m b er of p e o pl e st a yi n g i n e a c h r o o m (i n ot h er w or ds, 
oft e n  t h e  pri c e  diff er e n c e  b et w e e n  a  si n gl e  a n d  d o u bl e  o c c u p a n c y  r o o m  is  q uit e 
s m all). Fi n all y, P C 3 is a m e as ur e of t h e i nt er est e d visit ors a n d li k el y visit ors fr o m o ur 
pr o c ess e d s k ys c a n n er d at a. A s w e c a n s e e h er e, f o otf all d o es n’t  s e e m t o pl a y a r ol e i n 
a c c o u nti n g f or v ari a n c e i n a n y of t h e f a ct ors. 
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  T a bl e 5. 4. 3  Br e a k d o w n a n al y sis of first t hr e e c o m p o n e nts. 

 

5. 4. 3  Pr e di cti n g k e y b u si n e s s i n di c at or s u si n g st ati sti c al m o d e lli n g 
B ef or e g oi n g i nt o m or e c o m pl e x m o d elli n g t e c h ni q u es, it’ s i m p or t a nt t o k n o w t h at 
w e c a n dir e ctl y us e t h e r es ults  of t h e pr e c e di n g P C A pr o c ess t o p erf or m a r e gr essi o n 
o n o ur d at a ( P C A R). Usi n g t h e first 3 P Cs as i d e ntifi e d a b o v e, w e c a n tr y t o pr e di ct 
f or  e x a m pl e,  t h e  n u m b er  of  b o o k e d  r o o ms.  T his  is  d o n e  b y  a  si m p l e  li n e ar 
c o m bi n ati o n of t h e i d e ntifi e d w ei g hts as f oll o ws: 

r o o m s =  0. 3 2 6  t ot al _ arri vi n g _ p x  +  0. 3 2 4  arri vi n g _ p x    …  +  0. 1 6 4 r o o m s  + 
    0. 1 9 5  i nt er e st e d _tri p s  +  0. 1 8 3  t ot al _ arri vi n g _ p x  …  -  0. 4 6 3  r oo m s  + 
    0. 2 2 7 arri vi n g _tri p s + 0. 2 2 0 t ot al _ arri vi n g _tri p s … - 0. 5 6 8 vi sit or s 

T o p erf or m P C A- b as e d r e gr essi o n i n R, w e c a n us e t h e p cr() f u n cti o n of t h e ‘ pls’ 
p a c k a g e. I n Fi g ur e 5. 1 4 w e u s e t h e first 1 2 0 r o w s ( st arti n g 0 1 A pril 2 0 1 5) as a tr ai ni n g 
s a m pl e o n w hi c h t o p erf or m t h e P C A a n d t h e n p erf or m pr e di cti o n s  u p t o 3 1/ 1 2/ 2 0 1 5 
u si n g 3 pri n ci p al c o m p o n e nts, f or b o o k e d r o o ms. T h e or a n g e li n e  s h o w s pr e di cti o n s, 
w hil e  t h e  bl u e  li n e  s h o w s  a ct u al  v al u es.  Fi g ur e  5. 1 5  gi v es  a n ot h er  e x a m pl e  f or 
arri vi n g visit ors, a n d Fi g ur e 5. 1 6 s h o ws t h e s a m e e x a m pl e ( arri vi n g visit ors) wit h a 
l ar g er tr ai ni n g s et ( pr e di cti n g o nl y t h e l ast 3 5 d a y s). As w e ca n s e e, t h e r es ults ar e 
q uit e pr o misi n g. 
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 Fi g u r e 5. 1 4   Pr e di cti o n of b o o k e d r o o ms 

 

 Fi g u r e 5. 1 5   Pr e di cti n g arri vi n g visit ors 

 

 Fi g u r e 5. 1 6   Arri vi n g visit ors ( “ s e ar c h es ” d at a s et) 

T o i n v esti g at e f urt h er, w e i m pl e m e nt e d a “r olli n g ” P C A R t e c h ni q u e, i n w hi c h w e tr y 
t o  pr e di ct  a n  e ntir e  m o nt h’ s  v al u es  f or  e a c h  d at as et  f e at ur e,  bas e d  o n  a  tr ai ni n g 
wi n d o w of t h at i n cl u d es t h e pr e vi o us n m o nt h s of d at a. F or e x a m pl e, if t h e tr ai ni n g 
wi n d o w is 2 m o nt h s, w e c a n pr e di ct t h e v al u es f or M ar c h b as e d o n t h e pr e c e di n g 
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J a n u ar y a n d F e br u ar y d at a, t h e n w e m o v e o n t o pr e di ct A pril b as e d o n F e br u ar y a n d 
M ar c h d at a, a n d s o f ort h. F or t his pr o c ess, w e e x a mi n e d diff er e nt si z es f or t h e tr ai ni n g 
wi n d o w. T h e r es ults c a n b e s e e n i n Fi g ur e 5. 1 7 b el o w, w h er e t h e  n or m ali z e d r o ot 
m e a n  s q u ar e  err or  is  c al c ul at e d  f or  e a c h  f e at ur e  ( w e  i m pl e m e nt e d  t h e  f or m ul a  f or 
N R M S E i n R o urs el v es, u si n g t h e r es ults of t h e p cr()  f u n cti o n). 

 

 Fi g u r e 5. 1 7 Eff e ct of tr ai ni n g wi n d o w i n P C A- R r es ults o n i n di vi d u al f e at ur es 

 

 Fi g u r e 5. 1 8 N R M S E a v er a g e a cr oss all f e at ur es  p er tr ai ni n g wi n d o w si z e ( error b ar s at 9 5 % c.i.) 

As c a n b e s e e n, alt h o u g h pr e di cti o n p erf or m a n c e is n ot t h e s a m e  f or all f e at ur es (i. e. 
s o m e ar e pr e di cti ct e d m or e a c c ur at el y t h a n ot h ers), m or e tr ai ni n g d at a d o es n ot m e a n 
b ett er pr e di cti o n p erf or m a n c e. N o mi n all y, t h e b est p erf or m a n c e a cr oss all f e at ur es i s 
att ai n e d wit h a tr ai ni n g p eri o d of 4 m o nt hs, b ut t h er e is n o st atisti c all y si g nifi c a nt 
diff er e n c e  i n  t h e  o v er all  a v er a g e  N R M S E  b et w e e n  t h e  2,  4  a n d  6 m o nt h  tr ai ni n g 



 

2 7  C h a pt er 5: C o m bi ni n g I nfr astr u ct u r e S e ns or a n d T o uris m M a r k et D at a i n a S m a rt Cit y Pr oj e ct 

 

wi n d o ws  ( p air e d  s a m pl e t-t ests,  wit h p o st- h o c B o nf err o ni  c orr e c ti o n  s etti n g  t h e p-
v al u e t hr es h ol d at p < 0. 0 0 8 3). H o w e v er, w e fi n d a st ati sti c all y si g nifi c a nt diff er e n c e 
i n t h e N R M S E b et w e e n t h e 8- m o nt h tr ai ni n g wi n d o w l e n gt h a n d all ot h ers ( 2 m – 8 m 
t( 1 3) =- 4. 2 3 6, p = 0. 0 1, 4 m – 8 m t( 1 3) =- 4. 8 1 4, p < 0. 0 1, 6 m – 8 m t( 13) =- 5. 5 3 5, p < 0. 0 1). 
As a r es ult, w e n oti c e t h at t h e r at h er g o o d p erf or m a n c e of ~ 7 % N R M S E is o bt ai n a bl e 
wit h j u st 2 m o nt hs of tr ai ni n g d at a. M or e s p e cifi c all y, si n c e t h e m o st cr u ci al b u si n ess 
m etri cs ar e t h e n u m b er of b o o k e d r o o ms, sl e e p er s a n d r e v e n u e, t h e a v er a g e N R M S E 
f or t h es e t hr e e usi n g 2 m o nt h tr ai ni n g wi n d o ws o v er t h e e ntir e y e ar is 5. 4 7 % ( b o o k e d 
r o o ms), 6. 3 0 % ( sl e e p ers) a n d 1 0. 2 7 % ( a v er a g e r e v e n u e). 

5. 4. 4  P r e di cti n g k e y b u si n e s s i n di c at or s u si n g m a c hi n e l e a r ni n g  
N e ur al n et w or ks h a v e r e c e ntl y h a d e x pl osi v e gr o wt h i n us e i n m a c hi n e l e ar ni n g a n d 
d at a a n al yti cs. I n p arti c ul ar t h e n e ur al n et w or k a ut or e gr essi o n  ( N N A R) t e c h ni q u e is 
a  pr o misi n g  c a n di d at e  f or  s ol vi n g  f or e c asti n g  pr o bl e ms  w h er e  t h e  p att er ns  a n d 
r el ati o n s hi p s  i n  t h e  d at a  ar e  n ot  i m m e di at el y  o b vi o us.  T o  e x a min e  t h e  pr e di cti v e 
p erf or m a n c e of N N A R, w e u s e d wit h t h e s a m e v ari a bl es t h at w er e pr e vi o u sl y u s e d i n 
t h e  pri n ci p al  c o m p o n e nt  a n al y sis  i n  N N A R  m o d elli n g:  P ar a m et er, E x pl a n ati o n, 
I nt er est e d visit ors, Visit ors, Arri vi n g tri p s, Arri vi n g visit ors, I nt er est e d arri vi n g tri p s, 
I nt er est e d  arri vi n g  visit ors,  R o o m  o c c u p a n c y,  Sl e e p er  o c c u p a n c y ,  a n d  A v er a g e 
r e v e n u e. A g ai n w e us e t h e n n et a r()  f u n cti o n of t h e ‘f or e c a st’ p a c k a g e, o nl y t his ti m e, 
w e pr o vi d e m or e t h a n o n e f e at ur e as i n p ut. 

At  first,  w e  att e m pt e d  t o  pr e di ct  e a c h  of  t h e  v ari a bl es  i n  t ur n   fr o m  t h e  r e m ai ni n g 
v ari a bl es. D at a w as u s e d i n t h e r a n g e 0 1/ 0 4/ 2 0 1 5 - 2 4/ 0 6/ 2 0 1 6, si n c e w e h a d m or e 
d at a a v ail a bl e t o o ur pr oj e ct at t h at ti m e. F or e a c h m o nt h (st a rti n g at 0 7/ 2 0 1 5), t h e 
pr e vi o u s t hr e e m o nt h s w as us e d as a tr ai ni n g s et a n d pr e di cti o n s w er e p erf or m e d o n 
a d a y- b y- d a y b asis. W e us e d a n e ur al n et str u ct ur e wit h t w o hi d d e n l a y ers ( of fi v e 
a n d  t hr e e  n o d es),  t h e  m o d el  w as  c o n v er g e d  3 0  ti m e s  a n d  t h e  N R M S E  err or  r at es, 
a v er a g e d a cr o ss all 3 0 r u ns, w er e c al c ul at e d. A n e x a m pl e of o n e  g e n er at e d m o d el is 
s h o w n i n Fi g ur e 5. 1 9 wit h o ut p ut of t h e pr e di cti v e p erf or m a n c e of t h e m o d el i n fi g ur e 
5. 2 0 f or b ot h citi es. 
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 Fi g u r e 5. 1 9   E x a m pl e N N A R m o d el 
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 Fi g u r e 5. 2 0   N N A R M o d elli n g f or Gl as g o w M a y 2 0 1 6 u si n g 3 m o nt hs tr ai ni n g d at a 

O v er all, w e n ot e t h at f or t h e d at as et i n t h e ti m e p eri o d e x a mi n e d, t h e N N A R m et h o d 
disti n ctl y o ut p erf or ms P C A R i n s e v e n of t h e ni n e f e at ur es e x a mi n e d, w hil e f or t h e 
ot h er t w o, t h e p erf or m a n c e is c o m p ar a bl e ( Fi g ur e 5. 2 1).  
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  Fi g u r e 5. 2 1 N N A R a n d P C A R pr e di cti o n N R M S E a v er a g es ( err or b ars at 9 5 % c.i. ) 

W e als o c o m p ar e d t h e p erf or m a n c e of t h e m ulti v ari at e N N A R m et h o d o n o ur t w o 
k e y  p erf or m a n c e  i n di c at ors  (r o o m  o c c u p a n c y  a n d  sl e e p er  o c c u p a n c y) wit h t h e 
u ni v ari at e N N A R (i. e. p erf or m a n c e b as e d o n t h e hist ori c al v al u e s of e a c h f e at ur e). 
Fr o m  t his  a n al y sis  ( Fi g ur e  5. 2 2),  w e  n ot e  t h at  t h e  m ulti v ari at e   N N A R  off ers 
c o nsist e ntl y b ett er p erf or m a n c e c o m p ar e d t o u ni v ari at e (s elf) N N A R, c o n si d eri n g t h e 
N R M S E, R M S E a n d a b s ol ut e M S E ( %).  

 

 Fi g u r e 5. 2 2   M ulti v ari at e v s. u ni v ari at e N N A R p erf or m a n c e f or Gl as g o w 
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I n t h e pr e c e di n g a n al y s es, t h er e is a n u n d erl yi n g ass u m pti o n t h at all of t h e r e q uir e d 
tr ai ni n g d at a is a v ail a bl e at t h e ti m e of tr ai ni n g a n d r u n ni n g t h e m o d els. H o w e v er, i n 
t h e  r e al  w orl d,  t his  is  n ot  al w a y s  f e asi bl e.  F or  e x a m pl e,  t h e  dat a  off er e d  b y 
S k y s c a n n er  ar e  r e al-ti m e  d at as ets  a n d  ar e  a v ail a bl e  o n- d e m a n d,  si n c e  t h e y  ar e 
a ut o m ati c all y g e n er at e d t hr o u g h t h e visit or i nt er a cti o n s wit h t h e w e b sit e. O n t h e ot h er 
h a n d, h ot el d at a is c o ntri b ut e d m a n u all y b y t h e h ot el o w n ers, c oll e ct e d, cl e a n e d a n d 
a g gr e g at e d off-li n e at t h e c o m p a n y t h at pr o vi d es t h e m, a n d t h er ef or e is oft e n a v ail a bl e 
wit h a c o nsi d er a bl e l a g ( at l e ast o n e m o nt h, a n d i n c as es u p t o  t w o m o nt hs). T h er ef or e, 
w or ki n g  wit h  o ur  d at as et  eff e cti v el y  o nl y  pr o vi d es  w h at  c a n  b e c o nsi d er e d  a 
t h e or eti c al  “ m a xi m u m ”  f or e c asti n g  a bilit y,  w hi c h  is  a c hi e v a bl e o nl y  w h e n  all  t h e 
r e q uir e d d at a is a v ail a bl e. A f ar m or e i nt er esti n g c o m p aris o n th u s, w o ul d b e t o u s e 
t h e r e al-ti m e ( S k y s c a n n er) d at as et as t h e s ol e i n p ut i nt o a pr edi cti v e m o d el, wit h t h e 
ai m of f or e c asti n g t h e h ot el d at a, or vi c e- v ers a, ass u mi n g t h e h ot el d at a w as a v ail a bl e 
i n r e al-ti m e a n d fli g ht d at a w as n ot. F or t his, w e c arri e d o ut a f urt h er e x p eri m e nt u si n g 
d at a  f or  t h e  cit y  of  Gl as g o w,  a n d  att e m pt e d  t o  pr e di ct  usi n g  3 m o nt h s’  w ort h  of 
tr ai ni n g d at a. I n Fi g ur e 5. 2 3, w e s h o w t h e c o m p ar ati v e p erf or m an c e of t his pr e di cti o n 
f or t h e m o nt h of M a y, a cr o ss all v ari a bl es. As w e s e e, t h e pr e di cti v e p erf or m a n c e of 
t h e m o d el s uff ers si g nifi c a ntl y, b ut it a p p e ars t o b e f ar e asi er t o pr e di ct h ot el d at a 
fr o m fli g ht d at a, t h a n t h e ot h er w a y r o u n d. 

 

 Fi g u r e 5. 2 3   N R M S E p er v ari a bl e p er i n p ut set ( N N A R- 9 0, M a y 2 0 1 6) u si n g S k y s c a n n er o nl y 

Si n c e o ur m ai n pr e di cti o n t ar g et is h ot el o c c u p a n c y fi g ur es, w e  l o o k e d at h o w t h e 
N R M S E v ari es a cr oss t h e w h ol e J ul y’ 1 5- M a y’ 1 6 d at as et f or t h es e t w o f e at ur es. As 
w e c a n s e e, w hil e p erf or m a n c e wit h f e at ur es fr o m b ot h d at as ets r e m ai n s m or e or l ess 
c o nst a nt, it s uff er s si g nifi c a ntl y w h e n u si n g o nl y fli g ht d at a t o pr e di ct h ot el d at a. T h e 
m aj or  pr o bl e m  is  t h e  m o nt h  of D e c e m b er,  w hi c h  is  r a di c all y  diff er e nt  fr o m  its 
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pr e c e di n g m o nt h s. B e c a us e of t his diff er e n c e, t h e “ err or ” c arri es f or w ar d t o J a n u ar y, 
F e br u ar y a n d M ar c h, si n c e w e us e a 3- m o nt h tr ai ni n g wi n d o w, a n d  f or t h es e m o nt h s, 
t h e tr ai ni n g wi n d o w i n cl u d es D e c e m b er d at a. 

 

  Fi g u r e 5. 2 4  Pr e di cti o n q u alit y o n f ull a n d li mit e d f e at ur e s ets 

As c a n b e e x p e ct e d, t h e n at ur e of t h e pr o bl e m at h a n d (i. e. t o u ris m i n Gl as g o w) is 
s u c h t h at h ot el b usi n ess p erf or m a n c e is i ntri c at el y li n k e d t o t h e fli g hts arri vi n g i nt o 
t h e cit y. T h er ef or e, w hil e fli g ht d at a al o n e c a n p arti all y pr e di ct t h e o v er all l e v els of 
h ot el b u si n ess, o pti m al pr e di cti v e p erf or m a n c e is att ai n a bl e o n l y w h e n d at a f or t h e 
l e v els of h ot el b usi n ess is r e a dil y a v ail a bl e. W hil e t his m a y s p ell s o m e tr o u bl e f or o ur 
pr oj e ct,  f ort u n at el y,  n ot  all  is  l ost.  I n  r e alit y,  t h e  h ot el  d a t as et s  a v ail a bl e  t o  us 
c o nt ai n e d a f urt h er bit of i nf or m ati o n w hi c h w e s o f ar dis c ar d e d – t his is t h e “f or w ar d 
b o o ki n gs ”  at  e a c h  r e p orti n g  m o nt h.  Al o n g  wit h  t h e  a ct u al  b o o ki n g  st atisti c s  f or  a 
gi v e n m o nt h, t h e c o m p a n y als o pr o vi d es a d v a n c e b o o ki n g i nf or m at i o n f or u p c o mi n g 
m o nt hs,  s o  w h e n  r e p orti n g  f or  M ar c h,  t h e  c o m p a n y  s h o ws  n ot  j ust   t h e  n u m b er  of 
b o o k e d  r o o ms,  sl e e p ers  a n d  r e v e n u e  at  t h e  e n d  of  t h at  m o nt h,  b u t  h o w  m a n y 
r es er v ati o ns  h a v e  b e e n  m a d e  f or  t h e  f oll o wi n g  A pril,  M a y,  J u n e et c.  ( u p  t o  1 2 
m o nt hs). Si mil arl y, f or S k y s c a n n er, f or a gi v e n m o nt h, w e h a d b e e n c o nsi d eri n g all 
fli g hts arri vi n g i nt o Gl as g o w o n t h at m o nt h, irr es p e cti v el y of w h e n t h at fli g ht s e ar c h 
w as  m a d e.  H o w e v er,  w e  c a n  c o n si d er  t his  d at as et  s o m e w h at  diff er e ntl y,  a n d 
s y nt h esi z e a si mil ar m etri c of “f or w ar d b o o ki n gs ” b y c o nsi d eri n g f or e a c h m o nt h, t h e 
n u m b er of fli g hts arri vi n g wit hi n t h at m o nt h b ut w h os e s e ar c h ( or r e dir e ct) d at e is 
pr e vi o u s t o t h e 1 st of t h at m o nt h. T h er ef or e, w hil e i n o ur fir st r o u n d of e x p eri m ent s 
w e c o nsi d er e d a n “ o pti misti c ” sit u ati o n, ass u mi n g all n e c ess ar y  d at a w as a v ail a bl e o n 
d e m a n d,  a n d  i n  o ur  s e c o n d  r o u n d  of  e x p eri m e nts  w e  c o n si d er e d  a “ p essi mi sti c ” 
sit u ati o n, ass u mi n g t h at o nl y t h e h ot el or fli g ht d at a w as a v ai l a bl e o n d e m a n d, w e 
n o w  e x pl or e  a  m or e  “r e alisti c ”  sit u ati o n,  i n  w hi c h  a n  a g e n c y  w a nts  t o  pr o d u c e 
b usi n ess m etri cs f or e c asts f or t h e u p c o mi n g m o nt h, o n t h e 1 st of t h at m o nt h, u si n g 
d at a  fr o m  t h e  pr e vi o us  m o nt h s  ( ass u mi n g  t h e y  ar e  all  a v ail a bl e at  t h e  e n d  of  t h e 
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m o nt h) a n d i nsi g hts (f or w ar d d at a), hi nti n g at w h at’ s li k el y t o  h a p p e n i n t h e u p c o mi n g 
m o nt h. 

T h us, f or a n y gi v e n m o nt h f or w hi c h w e w a nt t o pr o d u c e f or e c ast s (t ar g et m o nt h), 
w e t a k e a tr ai ni n g d at a s et c o n c er ni n g a p eri o d of n m o nt hs pri or t o t h e t ar g et m o nt h, 
a n d tr ai n a N N t o f or e c ast a ct u al f e at ur e v al u es fr o m t h e “i nsi g hts ” t h at w er e a v ail a bl e 
f or t h e m o nt hs i n t h at p eri o d. W e t h e n u s e o nl y t h e t ar g et m o nth’s i n si g hts t o as i n p ut 
t o t h e tr ai n e d N N m o d el, a n d ass ess t h e q u alit y of t h e pr e di ctio n s ( Fi g ur e 5. 2 5). 

 

 Fi g u r e 5. 2 5   L e ar n e d n et w or k 

As b ef or e, w e u s e a 3- m o nt h tr ai ni n g p eri o d, a n d c o n v er g e t h e r es ulti n g m o d els 3 0 
ti m es,  r e p orti n g  o n  t h e  a v er a g e  N R M S E  a cr o ss  all  m o d els.  F or  t his  fi n al  t y p e  of 
a n al y sis  a n d  f or  r e as o n s  of  br e vit y,  w e  pr es e nt  o nl y  t h e  r es ult s  f or  pr e di cti n g  t h e 
a ct u al  r o o m  o c c u p a n c y  a n d  sl e e p er o c c u p a n c y of h ot els.  T h e r es u lts ar e s h o w n i n 
Fi g ur e 5. 2 6. 
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  Fi g u r e 5. 2 6  Pr e di cti o n r es ults a n d err or r at es usi n g f or w ar d i nf or m ati o n as i n p ut f e at ur es. 

W e  n ot e  t h at  t h e  N R M S E  h o v ers  h er e  ar o u n d  t h e  2 0 %  m ar k,  a  r es ul t  t h at  is 
c o m p ar a bl e t o t h e us e of t h e li mit e d d at as et a n al y sis (i. e. usi n g o nl y fli g ht d at a t o 
pr e di ct h ot el o c c u p a n c y). 

T o  s u m m ari z e  t h e  r es ults  s o  f ar,  w e  h a v e  e x pl or e d  a  r a n g e  of  m e t h o ds  t o  h el p  u s 
p erf or m  pr e di cti o ns  o n  o ur  d at as et.  St arti n g  wit h  t h e  si m pl e  u n i v ari at e  a ut o-
r e gr essi o n t e c h ni q u es, w e m o v e d o n t o a m ulti v ari at e a ut or e gr essi o n u si n g a li mit e d 
f e at ur e s et ( a p pl yi n g t h e P C A t e c h ni q u e), a n d t h e n p erf or m e d a r a n g e of m ulti v ari at e 
pr e di cti o ns usi n g n e ur al n et w or ks a n d v ar yi n g t h e i n p ut f e at ur e  s et. F or t h e l att er, w e 
e x pl or e d  t h e  p erf or m a n c e  of  n e ur al  n et w or k s  ass u mi n g  t h e  f ull  t w o  d at as ets  w er e 
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a v ail a bl e i n ti m e f or pr e di cti n g t h e n e xt m o nt h ( o pti mi sti c c as e). W e t h e n att e m pt e d 
t o  pr e di ct  f e at ur es  fr o m  a  d at aset,  u si n g  i n p uts  e x cl u si v el y  fr o m  t h e  ot h er  d at as et 
( p essi mi sti c c as e). Fi n all y, w e e x pl or e d t h e “ mi d dl e gr o u n d ”, wh er e w e ass u m e d t h at 
o n e of t h e d at as ets w o ul d n ot b e a v ail a bl e, b ut t h at w e h a d “f o r w ar d ” i n si g hts i nt o 
w h at t h at d at as et mi g ht l o o k li k e (r e alisti c c a s e). 

O v er all, e a c h m et h o d s h o ws w h at is t h e or eti c all y a c hi e v a bl e wit h t h es e t e c h ni q u es 
( o pti misti c  c as e),  a n d  h o w  cl os e  w e  c a n  g et  t o  t his  t h e or eti c al  m a xi m u m  u n d er 
diff er e nt  r e al- w orl d  c o n diti o ns,  w hi c h  aff e ct  t h e  ti m el y  a v ail a bilit y  of  d at a.  A n 
o v er vi e w of t h es e diff er e n c es is s h o w n i n Fi g ur e 5. 2 7, f or t h e a bilit y t o pr e di ct o ur 
t w o k e y t ar g ets (r o o m o c c u p a n c y a n d sl e e p er o c c u p a n c y). A s c a n b e s e e n, t h e a b s e n c e 
of i nf or m ati o n h as a cl e ar i m p a ct o n o ur a bilit y t o c orr e ctl y p r e di ct. O v er all, h o w e v er, 
i n t h e m o st r e alisti c c o n diti o n f or o ur c as e (t a ki n g a d v a nt a g e of f or w ar d d at a), o ur 
N R M S E is ar o u n d t h e 2 0 % m ar k o n a m o nt h-t o- m o nt h b asis, m e a ni n g t h at w e ar e 
a bl e t o pr e di ct h ot el o c c u p a n c y fi g ur es wit hi n ar o u n d 2 0 % of w h at t h e y a ct u all y ar e 
(i. e.  if  r o o m  o c c u p a n c y a ct u all y  t ur n e d o ut  t o b e  8 0 %, o ur pr e di cti o n w o ul d  m o st 
li k el y f all s o m e w h er e b et w e e n 6 4 - 9 6 %). T his p erf or m a n c e s e e ms f ar fr o m p erf e ct, 
h o w e v er, t his fi g ur e is s k e w e d b y t h e n or m ali z ati o n: w h e n t his err or r at e is c o m p ut e d 
as a si m pl e R M S E, it is a ct u all y cl os er t o t h e 1 0 % m ar k a n d t h u s i n r e alit y, w e ar e 
a bl e t o g u ess r o o m a n d sl e e p er o c c u p a n c y ± 1 0 % of w h at it a ct u al l y t ur n s o ut t o b e. 
N ot b a d at all! 

 

  Fi g u r e 5. 2 7  O v er all c o m p aris o n of t h e pr e di cti v e p erf or m a n c e att ai n e d u n d er diff er e nt c o n diti o ns 
( N R M S E a v er a g e f or 0 7/ 1 5 - 0 6/ 1 3 wit h 3 m o nt hs tr ai ni n g) 

5. 5  Si m pl e vi s u ali s ati o n 
I n  dis c u ssi o n  wit h  G C M B  w e  d e v el o p e d  a  si m pl e  m o bil e  vis u ali z ati o n  t o  h el p 
h ot eli er s pl a n s er vi c es. Fi g ur e 5. 5 l eft s h o ws a n a bs ol ut e vis u alis ati o n t h at s h o ws o n 
a bl u e-r e d s c al e h o w b us y Gl as g o w is li k el y t o b e b as e d o n o ur m o d elli n g. T his is a 
v er y  si m pl e  vis u alis ati o n  of  o ur  m o d elli n g  t h at  c a n  gi v e  a  q ui c k  gl a n c e  a n d  als o 
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a c c o u nts f or sli g ht err or s - o ur m o d elli n g will g e n er all y b e n o  m or e t h a n o n e c ol o ur 
st e p o ut. I n dis c ussi o n wit h G C M B t h o u g h w e dis c o v er e d t h at t o m a n y i n t h e h ot el 
i n d ustr y w h at m att ers m o st f or b o o ki n gs is w h et h er t h e cit y is li k el y t o b e si mil ar t o 
t h e s a m e d a y l ast y e ar - b usi er or q ui et er. As w ell as st affi n g l e v els, st aff b o n us es ar e 
oft e n b as e d o n b e ati n g l ast y e ar’ s l e v el, s o ni g hts t h at will b e q ui et er a g o o d t ar g et f or 
dis c o u nt pri ci n g r e g ar dl ess of a b s ol ut e l e v el of b us y n ess. Fi g u r e 5. 2 8 ri g ht s h o ws o ur 
v ari ati o n hi g hli g hti n g q ui et er, r o u g hl y e q u al a n d b u si er ni g hts .  

 

  Fi g u r e 5. 2 8  A bs ol ut e l e v el of b us y n ess a n d r el ati v e t o l ast y e ar si m pl e m obil e vis u ali z ati o n s 

5. 6  S u m m ar y 
D es pit e t h e l e n gt h y i n v esti g ati o n t h at w e d es cri b e d i n t h e pr e v i o us s e cti o ns, t his c as e 
st u d y  is  f ar  fr o m  c o n cl u d e d  -  t h er e  ar e  al m ost  e n dl ess  v ari ati o n s  a n d  t w e a ks  t o 
p erf or m a n c e t h at c o ul d b e a p pli e d t o f urt h er i m pr o v e o ur pr e di c ti v e p erf or m a n c e. F or 
e x a m pl e, w e mi g ht: 

●  T u n e t h e N N p ar a m et ers t o fi n d o pti m al s etti n g s f or o ur d at as et  
●  I n v esti g at e p erf or m a n c e wit h diff er e nt si z e tr ai ni n g s ets 
●  I n cl u d e  m or e  d at a  s o ur c es  i nt o  o ur  m o d els  ( e. g.  w e at h er  i nf or m ati o n  a n d 

s p e ci al e v e nt i nf or m ati o n) 
●  I m pr o v e pr e di cti v e p erf or m a n c e f or “ diffi c ult ” m o nt hs b y tr ai nin g m o d els f or 

t h es e m o nt hs n ot o n t h e d at a of pr e c e di n g m o nt h s, b ut d at a fr o m e q ui v al e nt 
p eri o d s i n pr e vi o u s y e ars 

●  C o n v ert t h e pr o bl e m fr o m a r e gr essi o n t as k, t o a cl assifi c ati o n  t as k (i. e. assi g n 
c at e g ori es t o h ot el o c c u p a n c y, s u c h as “ v er y q ui et: 0- 1 0 % ”, “ q ui et: 1 1- 2 0 % ”, 
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… , “f ull: 9 1- 1 0 0 % ”), a n d tr y o ut diff er e nt m a c hi n e l e ar ni n g al g orit h ms t h at 
ar e b ett er s uit e d f or cl assifi c ati o n t as k s. 

H o w e v er, fr o m t his pr oj e ct, w e c a n e xtr a ct s o m e u s ef ul l ess o ns t h at a p pl y g e n er all y 
t o  a n y  t y p e  of  m a c hi n e  l e ar ni n g  t as k,  a n d  w hi c h  y o u  m a y  c o n si d er  i n  y o ur  o w n 
pr a cti c e. T h es e l ess o ns ar e: 

●  U n d erst a n d y o ur d at as et: b ef or e att e m pti n g t o g o i nt o cr e ati n g c o m pl e x M L 
m o d els, y o u s h o ul d t a k e t h e ti m e t o g et a “f e el ” f or y o ur d at a,  e x pl ori n g it i n 
si m pl e w a y s, a n d u n d erst a n di n g w h er e d o es t h e d at a c o m e fr o m, w h at d o es it 
l o o k li k e, w h at d o es it m e a n, a n d w h y d o es it l o o k li k e it d o es. As a n e x a m pl e, 
i n o ur c as e, w e f o u n d t h at t h e h u m a n s w h o g e n er at e d t h e fli g ht d at a ar e n ot 
al w a y s r eli a bl e, eit h er t hr o u g h i nt e nt ( e. g. s o m e o n e tr yi n g t o b o o k a fli g ht f or 
5 0 0 p e o pl e), or b e c a u s e t h eir g o als d o n ot ali g n t o w h at w e ar e  tr yi n g t o d o. 
F or e x a m pl e, m ost of o ur fli g ht s e ar c h es w er e f or j u st 1 p ers o n , w hil e fli g ht 
r e dir e cts  i n cl u d e d  a  m u c h  l ar g er  n u m b er  of  c as es  w h er e  2  or  m ore  p e o pl e 
w er e b ei n g b o o k e d f or. T his i n di c at e d t h at t h er e e xist m a n y u s e - c as es w h er e 
p e o pl e  d o  h ast y  fli g ht  s e ar c h es  t o  “ g e n er all y  c h e c k  pri c es ”,  r a t h er  t h a n  t o 
a ct u all y  b o o k,  a n d  d o  n ot  b ot h er  i n p utti n g  all  t h e  ri g ht  i nf or m ati o n  ( aft er 
l o o ki n g,  w e  s a w  t h at  t h e  d ef a ult  n u m b er  of  p ass e n g ers  v al u e  o n t h e 
S k y s c a n n er w e b sit e is 1). S o, d o n ot ass u m e t h at y o u u n d erst a n d  t h e d at a - 
s o m eti m e s,  a  f air  bit  of  i n v esti g ati v e  w or k,  e v e n  q u alit ati v e  r es e ar c h,  is 
n e c ess ar y  b ef or e  y o u  e m b ar k  o n  a  pr oj e ct.  A  cl os e  r el ati o n s hi p wit h 
st a k e h ol d er s, i n o ur c as e pri m aril y t h e Gl as g o w Cit y M ar k eti n g B ur e a u, c a n 
h el p  dis c o v er  p att er ns  t h at  ar e  o b vi o us  t o  t h e m  b ut  n ot  t o  r es e ar c h er s  a n d 
m o d ell ers. 

●  G ar b a g e i n - g ar b a g e o ut: H u g e d at as ets wit h h u n dr e d s of f e at ur es ar e gr e at, 
b ut n ot e v er y f e at ur e is h el pf ul. I n f a ct, i n cl u di n g m or e f e at u r es t h a n y o u n e e d 
i n  a  m o d el  c a n  r es ult  n ot  j ust  i n  sl o w er  e x e c uti o n  ti m e s,  b ut  als o  w ors e 
pr e di cti v e p erf or m a n c e o v er all. T a k e t h e ti m e t o c o nsi d er w hi c h  f e at ur es ar e 
tr ul y m e a ni n gf ul f or y o ur pr oj e ct - i n o ur pr oj e ct t h e e x p e ct ati o n t h at n u m b er 
of f o otf alls o n t h e m ai n s h o p pi n g str e ets w o ul d b e li n k e d t o b u s y n ess pr o v e d 
i n v ali d as t h es e c o u nts ar e d o mi n at e d b y l o c als, n ot t o urists. Als o s p e n d ti m e 
c o nsi d eri n g  h o w  y o u  mi g ht  b est  tr a nsf or m  y o ur  d at a,  e. g.  b y  gr o u pi n g  or 
a v er a gi n g  t o  r e d u c e  t h e  n u m b er  of  c as es,  or  b y  s y nt h esi zi n g  n e w   f e at ur es 
fr o m e xisti n g o n es, w hi c h mi g ht pr o v e m or e h el pf ul (i. e. t h e d ay of t h e w e e k, 
r at h er  t h a n  t h e  pr e cis e  d at e). Fi n all y,  s p e n d  ti m e  t o  s a niti z e y o ur  d at a, 
es p e ci all y w h e n t h at d at a c o m es fr o m h u m a ns.  

●  M or e is n ot al w a y s b ett er: I n o ur i n v esti g ati o n, w e s a w t h at f e e di n g l ots of 
tr ai ni n g  d at a  i nt o  t h e  m o d el  a ct u all y  r e d u c e d  its  p erf or m a n c e. T his  is  n ot 
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u n e x p e ct e d, si n c e o ur d at a e x hi bits a y e arl y s e as o n alit y. P e o pl e’ s tr a v el a n d 
t o uris m p att er ns f or a n ar e a c h a n g e fr o m s e as o n t o s e as o n, a n d t h us f e e di n g 
d at a fr o m J ul y i nt o t h e m o d el, wit h a t ar g et t o pr e di ct D e c e m b e r, r es ults i n 
w ors e p erf or m a n c e. T a k e i nt o c o nsi d er ati o n t h e n at ur e of t h e d a t as et a n d t h e 
n at ur e of t h e t as k at h a n d, a n d li mit t h e e x pl or ati o n s p a c e b y t al ki n g a b o ut t h e 
pr o bl e m wit h d o m ai n e x p erts - a d o pt t h eir k n o wl e d g e a n d c o ns ult  wit h t h e m, 
w h at t h e y t ell y o u is “ a b o ut ri g ht ”, pr o b a bl y m a k es a l ot of s e n s e. 

●  D at a  is  n ot al w a y s  r e a dil y  a v ail a bl e:  W h e n  it  is,  t h e n y o u  c a n b uil d  r e all y 
g o o d m o d els wit h a m a zi n g p erf or m a n c e. B ut t h e d at a y o u n e e d is n ’t al w a y s 
g oi n g t o b e t h er e o n ti m e ( or at l e ast, m a y b e n ot i n t h e pr o c es s e d a n d s a niti z e d 
f or m t h at y o u n e e d it). Of c o ur s e, g o f or t h e b est- c as e s c e n ario. B ut d o n ot 
f or g et  t o  als o  b uil d  a n d  t est  m o d els  t h at  d o  n ot  ass u m e  p erf e ct   o p er ati n g 
c o n diti o ns, e x pl ori n g b a d a n d w or st- c as e s c e n ari os as w ell. 

. A c k n o wl e d g e m e nt s 
T h e pr oj e ct w as f u n d e d b y D at a L a b a n d w as c o n d u ct e d i n ti g ht c o ll a b or ati o n wit h 
“ P e o pl e M a k e Gl as g o w ” - t h e Gl as g o w Cit y M ar k eti n g B ur e a u. W e a r e p arti c ul arl y 
gr at ef ul t o D a ni el M a cI nt yr e of G C M B f or his i n si g hts t hr o u g h o u t t h e pr oj e ct. W e 
ar e  als o  gr at ef ul  t o  S k ys c a n n er  a n d  LJ  F or e c ast er  f or  t h eir  c o n tri b uti o ns  t o 
u n d erst a n di n g t h eir d at a s o ur c es. Fi n all y w e t h a n k Str at h cl y d e’ s Cit y O b s er v at or y f or 
t h eir s u p p ort i n t h e pr oj e ct. 

   A ut h o r C o ntri b uti o n s 
Wils o n ( pri n ci p al i n v esti g at or) a n d D u nl o p j oi ntl y g ai n e d t h e D at a L a b f u n di n g f or 
t h e pr oj e ct a n d l e d m o st of t h e m e eti n gs wit h t h e d at a p art n ers a n d f u n d er s. K o m ni n o s 
c o n d u ct e d t h e b ul k of t h e m o d elli n g st u di es, a n al y sis a n d vis u a lis ati o n s. T h e c h a pt er 
w as j oi ntl y a ut h or e d wit h K o m ni n os as l e a d a ut h or. 

. R ef e r e n c e s 

B a n g w a y o- S k e et e, P. F. a n d S k e et e, R. W. 2 0 1 5. C a n G o o gl e d at a i m pr o v e t h e 
f or e c asti n g p erf or m a n c e of t o urist arri v als ? Mi x e d- d at a s a m pli ng a p pr o a c h. 
T o u ri s m M a n a g e m e nt  4 6 , 4 5 4 – 4 6 4. 

C h u, F.- L. 2 0 0 4. F or e c asti n g t o u ri s m d e m a n d: a c u bi c p ol y n o mi al a p pr o a c h. T o uris m 
M a n a g e m e nt  2 5 , 2, 2 0 9 – 2 1 8. 

Di nis, M. G. F., C ost a, C. M. M., a n d P a c h e c o, O. M. R. 2 0 1 7. Si mil ar iti es a n d c orr el ati o n 
b et w e e n r esi d e nt t o urist o v er ni g ht s a n d G o o gl e Tr e n d s i nf or m ati o n i n P ort u g al a n d 
its t o uri s m r e gi o ns. T o u ris m & M a n a g e m e nt St u di es  1 3 , 3, 1 5 – 2 2. 

Gr et z el, U., Si g al a, M., Xi a n g, Z., a n d K o o, C. 2 0 1 5 a. S m art t o uris m: f o u n d ati o ns a n d 
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d e v el o p m e nts. El e ctr o ni c M a r k et s  2 5 , 3, 1 7 9 – 1 8 8. 

Gr et z el, U., W ert h n er, H., K o o, C., a n d L a msf us, C. 2 0 1 5 b. C o n c e pt u al f o u n d ati o n s f or 
u n d erst a n di n g s m art t o uris m e c os y st e ms. C o m p ut ers i n h u m a n b e h a vi or  5 0 , 5 5 8 –
5 6 3. 

G u nt er, U. a n d Ö n d er, I. 2 0 1 6. F or e c asti n g cit y arri v als wit h G o o gl e A n al yti cs. A n n als 
Of T o uris m R es e ar c h  6 1 , 1 9 9 – 2 1 2. 

H y n d m a n, R. J. a n d At h a n as o p o ul os, G. 2 0 1 8. F or e c asti n g: pri n ci pl es a n d pr a cti c e 
( S e c o n d E diti o n). O T e xt s. 

Li, X., P a n, B., L a w, R., a n d H u a n g, X. 2 0 1 7. F or e c a sti n g t o uri s m d e m a n d wit h 
c o m p osit e s e ar c h i n d e x. T o u ris m M a n a g e m e nt  5 9 , 5 7 – 6 6. 

P a d hi, S. S. a n d P ati, R. K. 2 0 1 7. Q u a ntif yi n g p ot e nti al t o urist b e h a vi or i n c h oi c e of 
d esti n ati o n usi n g G o o gl e Tr e n ds. T o uri s m M a n a g e m e nt P ers p e cti v es  2 4 , 3 4 – 4 7. 

R e a, A. a n d R e a, W. 2 0 1 6. H o w M a n y C o m p o n e nts s h o ul d b e R et ai n e d fr o m a 
M ulti v ari at e Ti m e S eri es P C A ? ar Xi v [st at. M E] . htt p:// ar xi v. or g/ a bs/ 1 6 1 0. 0 3 5 8 8. 

R ui z, A. 2 0 1 9. T h e 8 0/ 2 0 d at a s ci e n c e dil e m m a. T h e 8 0/ 2 0 d at a s ci e n c e dil e m m a . 
htt ps:// w w w.i nf o w orl d. c o m/ arti cl e / 3 2 2 8 2 4 5/t h e- 8 0- 2 0- d at a-s ci e n ce- dil e m m a. ht ml. 

S c ottis h E nt er pris e a n d Gl as g o w Cit y M ar k eti n g B ur e a u. 2 0 1 4. First t o K n o w: Y o ur 
I nsi g ht t o T o uris m & E v e nts i n Gl as g o w. . 

Xi a n g, Z. a n d F es e n m ai er, D. R. 2 0 1 7. Bi g D at a A n al yti cs, T o uris m D e si g n a n d S m art 
T o uri s m. I n: Z. Xi a n g a n d D. R. F es e n m ai er, e ds., A n al yti cs i n S m art T o uri s m 
D esi g n: C o n c e pts a n d M et h o ds . S pri n g er I nt er n ati o n al P u blis hi n g, C h a m, 2 9 9 –
3 0 7. 

Y a n g, X., P a n, B., E v a ns, J. A., a n d L v, B. 2 0 1 5. F or e c asti n g C h i n es e t o urist v ol u m e 
wit h s e ar c h e n gi n e d at a. T o uris m M a n a g e m e nt  4 6 , 3 8 6 – 3 9 7. 

Y a n g, Y., P a n, B., a n d S o n g, H. 2 0 1 4. Pr e di cti n g h ot el d e m a n d u si n g d esti n ati o n 
m ar k eti n g or g a ni z ati o n’ s w e b tr affi c d at a. J o ur n al of Tr a v el R es e ar c h  5 3 , 4, 4 3 3 –
4 4 7. 
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