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A Comparative Model Study on the Intermittent Demand Forecast of Air Cargo
- Focusing on Croston and Holts models -

Yoo, Byung-Cheol - Park, Young-Tae

Abstract

A variety of methods have been proposed through a number of studies on sophisticated demand
forecasting models that can reduce logistics costs, These studies mainly determine the applicable
demand forecasting model based on the pattern of demand quantity and try to judge the accuracy
of the model through statistical verification, Demand patterns can be broadly divided into regularity
and irregularity, A regular pattern means that the order is regular and the order quantity is
constant, In this case, predicting demand mainly through regression model or time series model
was used. However, this demand is called “intermittent demand” when irregular and fluctuating
amount of order quantity is large, and there is a high possibility of error in demand prediction
with existing regression model or time series model. For items that show intermittent demand, pre-
dicting demand is mainly done using Croston or HOLTS, In this study, we analyze the demand
patterns of various items of air cargo with intermittent patterns and apply the most appropriate
model to predict and verify the demand.

In this process, intermittent optimal demand forecasting model of air cargo is proposed by ana-
lyzing the fit of various models of air cargo by item and region,
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Croston 2%

rflf)irt/h Region  DEST AVI Fosr;ezceast Iitcenrjjalll Ez:::j;lt Forecasts  Error bilajsne d MAD  WMAPE
2013. 1 USA Total 225kg 200,00 1 1 200,00 25.00 200,00 298,44 0.9354
2013, 2 USA Total 199 210.00 1 1 210,00  11.00 210.00
2013, 3 USA Total 146 80.20 1 1 80.20 65.80 80.20
2013, 4 USA Total 142 59.00 1 1 59.00 83.00 59.00
2013, 5 USA Total 190 57.40 1 1 57.40 132,60 57.40
2013. 6 USA Total 242 76.60 1 1 76.60 165.40 76.60
2013, 7 USA Total 79 97.40 1 1 97.40 18.40 97.40
2013, 8 USA Total 209 32.20 1 1 32,20 176.80 32.20
2013. 9 USA Total 51 84.20 1 1 84.20 33.20 84.20
2013.10 USA Total 141 21.00 1 1 21.00 120,00 21.00
2013.11 USA Total 202 57.00 1 1 57.00 145.00 57.00
2013.12 USA Total 312 81.40 1 1 81.40  230.60 81.40
2014. 1 USA Total 2,907 125.40 1 1 125,40 27%1'6 125.40
2014, 2 USA Total 281 1163,40 1 1 11%3'4 882.40 11603'4
2014, 3 USA Total 142 113.00 1 1 113.00 29.00 113.00
2014, 4 USA Total 47 57.40 1 1 57.40 10.40 57.40
2014. 5 USA Total 108 19.40 1 1 19.40 88.60 19.40
2014. 6 USA Total 45 43.80 1 1 43,80 1.20 43.80
2014, 7 USA Total 29 18.60 1 1 18.60 10.40 18.60
2014. 8 USA Total 0 12.20 1 1 12.20 12.20 12.20
2014. 9 USA Total 0 0.60 1 1 0.60 0.60 0.60
2014.10 USA Total 53 0.60 1 1 0.60 52.40 0.60
201411 USA Total 162 21,80 1 1 21.80 140,20 21.80
201412 USA Total 135 65.40 1 1 65.40  09.60 65.40
20151 USA  Toml 3646 5460 1 1 sie M sie
2015, 2 USA Total 1,980 1459.00 1 1 14509'0 521.00 14509'0
2015, 3 USA Total 103 792.60 1 1 792.60  689.60  792.60
2015, 4 USA Total 115 41,80 1 1 41,80 73.20 41,80
2015, 5 USA Total 66 46.60 1 1 46.60 19.40 46,60
2015. 6 USA Total 65 27.00 1 1 27.00 38.00 27.00
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2015, 7 USA  Total 163 26.60 1 1 26,60 136.40 26,60
2015, 8 USA  Total 69 65.80 1 1 65.80  3.20 65.80
2015, 9 USA  Total 61 28.20 1 1 28,20 32,80  28.20
201510  USA  Total 5 25.00 1 1 2500 20,00  25.00
201511  USA  Total 0 2.60 1 1 2.60 2.60 2.60
201512 USA Total 28 0.60 1 1 0.60 27.40 0.60
2016, 1 USA  Total 128 11.80 1 1 11,80 11620  11.80
2016, 2 USA  Total 189 51.80 1 1 51.80  137.20  51.80
2016, 3 USA  Total 77 76.20 1 1 76.20  0.80 76.20
2016, 4  USA  Total 90 31.40 1 1 31,40 58.60  31.40
2016, 5 USA  Total 172 36.60 1 1 36.60  135.40  36.60
2016, 6 USA Total 39 69.40 1 1 69.40  30.40 69.40
2016, 7 USA  Total 0 16.20 1 1 1620 1620 16,20
2016. 8 USA Total 110 0.60 1 1 0.60 109.40 0.60
2016, 9 USA  Total 8 44,60 1 1 44,60 36.60  44.60
201610  USA  Total 2575 3.80 1 1 3.80 2521'2 3.80
201611  USA  Total 0 1030.60 1 1 10300'6 10300'6 10300'6
201612  USA  Total 0 0.60 1 1 0.60 0.60 0.60
2017. 1 USA  Total 0 0.60 1 1 0.60 0.60 0.60
2017. 2 USA Total 0 0.60 1 1 0.60 0.60 0.60
2017. 3 USA  Total 536 0.60 1 1 0.60 53540  0.60
4.2 Holts 23¢] &4 Z3 S Agsed loiM 20129 @l 27 dSH
(intial forcast)> 3 €] EFFH Fdd £
D F5/AE A4 £ oI5 20002 AAFYL oW 719 FaFg o5
8 FFo] w2 F54 g F HA F8 Hgshe A7) AA FoFR od 7] o e
dZ 23l HoltsE¥E& Croston2d HUl= 719 &S 23w o2 042 AAET}. initial
] sZo] gre TR O HIAd 5o o= 2y wends= 30, B 0.082 AAFSATE. f=  Holsi
ojty, wbr B AFAME AVIETTE HA Ax Fod A F4 Fo%(Level equation) & T
2 Hgo® Hols2EE #gste]l £8 o= =Y & om e AA eyt A7leDe] F4
of APA 2 AFALS EHFA. ol E 2% FRF(I+1 + b1 ¥ HEE H3e =4
AEsE F5 disiA ml= AA FaFd daiA Aspoltt, & °ﬁ“’ﬂ/ﬂb WMAPEE H A3}l f
2z BRYPE A3t dF3 ARFolvh o] BF #He ARgEIT RE Izl AAAM AAl g
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ol ofF dF e Aolg: MY A} T 249 AQ A4 ATE F5o] WA Holsk
MAD%= 419,41, WMAPEE: 1,31459]¢}, & A&t FoFE dSskir

2 dTldE olsh HUF PHow Fdow

E 2 AVl Z20) Ofst 0|2 MA| £2% o= Z # - Holts 28

HYlZirt/h Region  DEST AVI Ft Tt FIT Error MAD  WMAPE
2013, 1 USA Total 225 200.00 30,00 230.00 5.00 419,41 1.3145
2013, 2 USA Total 199 226,25 29.70 255,95 56.95
2013, 3 USA Total 146 213.24 26.28 239,52 93.52
2013, 4 USA Total 142 169.38 20,67 190,05 48.05
2013, 5 USA Total 190 154,01 17.79 171.80 18.20
2013, 6 USA Total 242 185.45 18.88 204.33 37.67
2013, 7 USA Total 79 232,58 21,14 25372 17472
2013, 8 USA Total 209 122.68 10.66 133.34 7566
2013, 9 USA Total 51 190,08 15.20 20528 154.28
2013.10 USA Total 141 89.57 5.94 95.51 45,49
2013.11 USA Total 202 129.63 8.67 13830  63.70
2013.12 USA Total 312 186.07 12,49 19857 11343
2014, 1 USA Total 2,907 283.64 19.30 302,94 2604.06
2014, 2 USA Total 281 225598 17554 243153 2150.53
2014, 3 USA Total 142 818.63  46.51 865.14  723.14
2014. 4 USA Total 47 322.79 3.12 32591 278.91
2014. 5 USA Total 108 11673 -13.61 10311 4.89
2014, 6 USA Total 45 10678 -13.32 93.46 48.46
2014, 7 USA Total 29 57.11 -16.23 40.89 11.89
2014. 8 USA Total 0 31,97 16,94 15.03 15.03
2014. 9 USA Total 0 3.76 1784 -14.08 14.08
201410 USA Total 53 3,52 17.00 20,52 73.52
2014.11 USsA Total 162 34.62 412,59 22.03 139.97
2014.12 USA Total 135 127.01 419 122.82 12.18
2015, 1 USA Total 3,646 131,96 -3.46 12850  3517.50
2015, 2 USA Total 1980 2766.62 20759 207422 994.22

2015, 3 USA Total 103 2228.55 147,94 2376.49 2273.49



2015, 4 USA Total 115 671.37 11.53 682.90 567.90

2015. 5 USA Total 66 256,98 -22.54 234.43 168.43

2015. 6 USA Total 65 108.11 -32.65 75.46 10.46

2015, 7 USA Total 163 67.61 -33.28 34.34 128.66

2015, 8 USA Total 69 130.83 -25.56 105.28 36.28

2015. 9 USA Total 61 78.07 -27.73 50.33 10.67

2015.10 USA Total 5 58.33 -27.09 31.24 26.24

2015.11 USA Total 0 11.56 -28.67 -17.11 17.11

2015.12 USA Total 28 -4.28 -27.64 -31.92 59.92

2016, 1 USA Total 128 13.02 -24.05 -11.03 139.03

2016, 2 USA Total 189 93.24 -15.71 77.54 111.46

2016. 3 USA Total 77 161.13 9.02 152.12 75.12

2016, 4 USA Total 90 95.78 -13.52 82.25 7.75

2016, 5 USA Total 172 88.06 -13.06 75.00 97.00

2016, 6 USA Total 39 147.75 -7.24 140.51 101.51

2016, 7 USA Total 0 64.38 -13.33 51.05 51.05

2016, 8 USA Total 110 12.76 -16.39 -3.03 113.63

2016, 9 USA Total 8 81.59 9.58 72,02 64.02

2016.10 USA Total 2,575 24.00 -13.42 10.59 2564.41

2016.11 USA Total 0 1933.90 140.45 2074.34  2074.34

2016,12 USA Total 0 518.59 15.99 534.57 534.57

2017, 1 USA Total 0 133,04 -16.09 117.56 117.56

2017, 2 USA Total 0 29.39 23,14 6.25 6.25

2017. 3 USA Total 536 1.56 -23.52 -21.95 557.95

B odpolNE 598 PWoR dux IE, B2 £ae] 03 A9E A AW Faol
olugyd F5 M FU W2 Croston JIRMER Bt Al F5ed. duyd F5
3 Holts 28 Ag3te] 52028 Fasar). 7708 aFo] W3 Fazel WEZo] zA ¢

olgl ¥ 32 Croston®} Hols®¥ 9] WMAPEE S 7t8 o] 714 e ZRo|t,

[S]
a0k Folth 3l FRE A £
A

3.2 Croston¥} Holts B3¢ v

=11
g A&HE 5 1EH Croston® Holts 2.3

o )
- = S
FEol 7%& S g5t I ggel AsE F = F5 Ug FaF oSl AYE mFPoln



k=3

|, ®37% /1

3

.

St

3

ZH|

k

slo
s

ol
(=)

S

8

3. Crostonz} Holts2&o| H| W

I
v

-
ol
HH

fuy

zel
o

o
N

wo

m

Holts

KR
A

[0

m

Croston

DIP

VAL

AVI

o

xr
o

CR

CR

CR

1
ol
&

o}
s
il

2o T
Weighted Mean Absolute Percentage

il
)
)
0|
I

Ine

X

w

AVG
0.8554596
11509614

1.664897
4,6766569

HOL
10875575 1.1427289

0.5016369  0.4140628

HOL
11151145 0.4608319  0.398931
20144

38.3215

0.908
1.6641

HOL
1.3145189
2.2298253
1.7032012 9.9240199 13.816984 0.6833421 0.6519076

EFFo] AFste] ATL(Atlanta)d AE A

1,0552561  1,5652595 27,2000

0.9354
1.8508418
1.2805

]

.

total
JEK

SEA
(ATL)
AVG

* VAL

AVIZ+
Holts&

[e]
A

L

fu

ol
9] AL Croston®3 o] Holts®3 HT}F 4
=

o~
0
ol ) $4a Aoz et ey 11

)

=
A FFol wEb AE o

L&

A
Aow et

(WMAPE
Error)E H| X
& o] Croston

V.
o
<

2 AR

i
w

8

A

FA}e]

2

olo] I

o
Ho

s

B

ojy
Bl
B

=

"
w
N

)

0

pul]

o
xr
o

B
ol

Ar

=

I

A

A

4 47

H

ATk &

)l
i
1o

Hlo

T
of

o

%

=T

Ho

s

| AE S qus ggled F2 A

Ske)

S
&

2

HolA goh. T2y FF = Afdle Bt

oja +t

A

L

fu

Aol w2

-
a

Fod ey

0

ol Fd

"
el

of =AW FaFolAE AP

[¢]

2

§l_

45

%
&

oy

)
K

el

A elrlzt gl

to=g

Ras

[}

o]% EH

1

Aok,

o] Mz g=7 e

=
T

=
;__|(

=
3]
=

& o] Ng o

o~
T

=

°

oy

Ar
il
4

)
5

2
A
o
4

8

X

A

2

Al

Apiol &

L

R

&zt

a‘—}

8

[e]
F

A nFdor & ol

el
<R
w

ol

B
B

Ar
i

&

)

FalA WA,

=
=

[e)
pd

A

o
w

1o},

chol Ao}

K

eli

)

NB
-
"
ol
N

1

o

Nr

el
e

Croston &

T

] o]

7
*4

GollA 74 o

iy
A=
T
ey
Mo

°



o) FTOFT o x  mPT MY T2 g W L= B S M R
@© gp O O e T W W E e of Peimwmd . ®_%7% ﬂ@woKW%g
W, W ® o _ "W B s=4 .wE® T Ay W
T T R T o n £ ™ T R x MWEIT TR LE
i 4w o B FTRIE LEbkbLgemves HPe T 0
d TrEyT Ta BT 2 EEE T AN d g T wﬂmﬂ%wﬁﬂw.M
P oTZ2E LF Fasg #® By eiduy EIETiizg
op HE _ o o 2 Xﬂ_ziﬂ‘_ﬂﬂlllrll mmuﬂo]a]ﬂrﬂb = ° B -y il
7 = & R e 5 R oz 5= T o peom @ o ok o = X
[r— A,f W ; - — of on_ on g X ﬂo —~ i o_L — o
o o T o o WA oy ofp %P ™o R ogh T oar
Z HO#UT o R LHﬁOﬂelEﬁEETO_l NJ‘H}I‘FLM o I ;o#]\_)lﬂ_uE,ﬂ
2 e g® r ERT T _wPZosxTEX w8 ¥ T84
o @Maaé = Hoog 2N %% & o T ogodoar & M w o R gy 1 gm
o N o 9 ﬂ@ﬂumﬂlﬂmﬁﬁﬁﬂoﬂ = W gy P o ﬁﬂuov_,dn,_oozeﬂ
R or  — i o )
I BT N S N A (VL S-SR VI ST e .
o) n L ,Dla.al. o o A4 W T — uﬁo,weuﬁkokwﬂlo% o X alh]
g B ol ®E® Hre NgwmdX e N g e ™ T e
S R oo W PR BE owaa ™ ey @ 2 Moo M 0B
_ S = . o TN it W = - ") g T Mo
D e p g o g R AP e W e R s E o MR gy
£ AmE BT w N T g o _gahﬁmmﬁ,éﬁwwwmpwE%Wﬂwaﬁﬂ
. - T = R "W o, KT oW e B oo K " b F mo T
a = ° - X OWo= N Ky W o MW o9 o = MY W = - g O
o Rpg st R iRl afiss st TEEETN 0
i} FMRRTH oMK AP RKRIZEMWE kT SN m N
!
- mE  o® -
= fl BEAHE YT TN M T M M e H T T @ Iy T
Toae yeH,w_ S s®, DRI T ABOT_ bE g2
S om T s LT ooy AN iawe e PP OIK
< 5 3 o T X o o= e " B do N W
AF AR o a3 Ar 5w 2 7B oy O F W W Wowo w=r o B
v B Pwf o wwd _ZwT gHfo_whyzr P WA zd
B mmaewr‘_g%ﬂloﬂ mﬁ..c.ﬂ% W ﬂrﬂi%pn]r%_oﬂ o N o
N oy e " me T Ko | ﬂlz T o} LN JIE [ T s
q ﬂ7ww5| m .ﬂoféﬂﬂéoﬁaﬂl %ﬁﬁe%qﬂld?ﬁﬂ_éﬂo od_m‘_ltﬂAcl
; B o w o o WXL By  yEagml 7% A
%o %ﬁﬂﬂ%mﬁ@ﬁo:%dﬂ%@ﬂ%.ﬂmmﬁr A IR T S
% A ERZITD o 5 SIS = o W 0 P = B
I R R T - ST SO O T BGOSR ]
PoaTy O TEETN ol RV e R el TaTaw
zﬁ_zﬁaﬁ%zfiﬁiﬁoﬂ{u@%#% WEmgwPdg ' =hg (TR
ﬂ%%?%%wpwﬂ_“%%_o1iw&ﬂi@ﬁmAﬂ%%mﬂﬂ AL
B 4 o T omwon o L O T MR g gy oy TR >
EE%W%%%%ﬂ%%ﬂm%Mﬂ_wgw’.ﬂwﬂwﬁ%%laﬁuﬂ ﬂ%ﬂ%%
cfw_uurmaﬂdwmﬂ%u.ﬂ@w_;u%mog&Wﬂ?&ﬂﬁ%@% N
oo MY MzTﬂm_wﬁQ%Urso%o_L@mJ_éﬁiu.w_m N
= T oo WAE T o T T M T T of RN
o Uk o o 3 > T T " T T ) B ome ™ R T <
L T e e s R TR P TR RE CHeB S C R
T R OW W o EHNBTTER FETHRE TR TWRNT oW 0

sHx2Y T =79 YH(ONE-STOP) AH|2E

ton)&

pud

71

8 A 9
s e

o

o
=

s,

S

o3}

-y

(wet lease)

A7)



®
~
o

sh=etetgrIstzlx|, M3y M=

EF feldete] sEdERAAt WEEFA
=7ISCM 2dlg A, S Ao}

FaEd

TE7], £L3% (2006), “AHARIMARY
ol o7, kg7 dsta
No.1

A& (2016), A7

o

HE o] ge 7+8H S99 Ug
FodZ", digerdi dets] A, vol.18 No.4
a5 (2015), “FARGAM3Le] w2 FTIE
2 dE Wa 247, S ddees g
W E s =FF, Vol.2015 No.5
A3 (2007), “WFEEe] BE5F 5% IVEFHA-
W AEARIMA REE o]&3td", e=gutigA|
3]A], Vol.23 No.1
MEE ) FeE, 83T (2017), ‘FFIFEFRSAN AF
ARIMARE Zgo] #3t AF @ A-d=A T n|F
GFeMg 207" detuEsls]A], Vol.35 No.2
A4, s, A48, 389 2010), AEF thiF Al
AL 2385 o848 AL 94 4 = 2
o Zol B AT, S=5AEs], vol.17 No.3
opgy, HEM(2013), At F¥Md WA o E F
o F4 IHE dF - JdH~-2rt =M A
A FA7 WE AT Vol.20 No.2
Z4=, Nokhaiz Tariq Khan, #<H(2016), “7t
474 F8E Ze= THES X FEY F8
W E o] #3 AT, ighatelEEts
3] =23, Vol.2016 No.4
A7, Heg, 2z, A8 2016), “BR 7]
4 Fadz 33 zgdga ML, 3
a3 =237,

_{R o,

o
o
Eﬁ

o o

714

)

122

= o

L
Hl o

FAE, S35, A3, HalAo15), HEH F84S
98 $49 Croston #W", e=7 9J7}813] o}
)3 =%, Vol.2015 No.4

Altay, N., Rudisill, F., Litteral, L A(2008), “Adapting

Wrights modification of Holts method to fore-

casting intermittent demand”, International jour-
nal of production economics, Vol.111 No.2

Boylan J.E. and Syntetos A A(2005), “The accuracy of

intermittent demand estimates”, International

)
journal of forecasting, Vol.21 No.2

Bermudez, J. D., Corberan-Vallet, A,, Vercher, E (2009),
“Forecasting time series with missing data us-
ing Holts model”, Journal of statistical planning
and inference, Vol , 139 No.8

Ghobbar A A., Friend C.H.(2003), “Evaluation of fore-
casting methods for intermittent parts demand
in the field of aviation: a predictive model”,
Computers & Operations Research, Vol.30 No, 14

Johnston, F. R., Boylan, J. E.(1996), “Forecasting inter-
mittent demand: a comparative evaluation of
Croston's method”, International journal of fore-
casting Vol.12 No.2

Sivillo J.K. and Reilly D.(2004), “Forecasting consumer
product demand with weather information: a
case study’, Journal of Business forecasting,
Winter, Vol.23 No.4

Segerstedt, A.,(2010),

measurements and techniques for intermittent

“Evaluation of forecasting error

demand”, International journal of production
economics, Vol 128 No,2

Narayanan A, Seshadri S(2012), “2012 ACADEMIC CASE
STUDY SERIES, Dockomo Heavy Machinery
Equipment Ltd. Spare Parts Supply Chain
Management’, Teaching Notes

Willemain, T. R., Smart, C, N., Schwarz, H, F.(2004),
‘A new approach to forecasting intermittent
demand for service parts inventories’, Vol.20
No.3



i

=

o2

AeE F
Q8 nolt 98 S8l o
el 7t B ozde

A T2 BAMle] A
W wake R Alstaa} Blol

=3
=

;:Ao_

R

3o 718H FeeZe ek vl BE AT Croston® & T Hols2E-S FAo- 85

Fohge 2

- Croston

1%]0] EFHEE 7%%%

Eol AAHAE. ol 27

]
%74]7%4 Az FoA 9_63,0 AgaE dusan. £o s
& oh;]_ -ﬁbdx%o] JH‘_

0

20
T8

233} HoltsR3 S

QoS i3 vlu 2y AT
%.

WA . ulode)

_WL
10
)
S

47150l FEgo) A9E A
M Fog dFde= HJ’ Eo] ARgEh 2y ﬁﬁ"ﬂx—iolj
2 4= Q (Intermittent Demand)2}aL sl=dl, 7]1&2] 3|9 ZFoL}
WA Thsrde] x7] wlEoltt 8 £9E Hole FE uiF

drm

Hols2d 5& AHgdte] £0.2 dZdith ¥ azdie 184 52 3

H]

FEoll dsiM o HdE FHsta, gFd 2PE T F2E o
i=]

Aot o] AAHoN FE sz F5E, Az ok 1Y
% 2ol +2 Az 2ol Yt

2
o
fu
Ho
o
]
>
%0,
rr
oE
i"i

¥ FE, 72 95 72 HE, JIY 72, A2AE & FE



