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Abstract - Much of the data used in the analysis of environmental ecological data is being
obtained over time. If the number of time points is small, the data will not be given enough
information, so repeated measurements or multiple survey points data should be used to perform
a comprehensive analysis. The method used for that case is longitudinal data analysis or mixed
model analysis. However, if the amount of information is sufficient due to the large number of
time points, repetitive data are not needed and these data are analyzed using time series analysis
technique. In particular, with a large number of data points in the current situation, when we
want to predict how each variable affects each other, or what trendswill be expected in the future,
we should analyze the data using time series analysis techniques. In this study, we introduce
univariate time series analysis, intervention time series model, transfer function model, and
multivariate time series model and review research papersstudied in Korea. We also introduce an
error correction model, which can be used to analyze environmental ecological data.
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d 24 7igolth o] B4 71§ FolA T4 AHESH=
o] Box-Jenkins &4 Wi o]t} o] B2 ARIMA(p,d,q)
P2 7Ivte R EAgY. Fo/X AR 7HE B Et
RIMA(p,d,g) 285 A4Estx, & 2= p, d, & 2432,
Fol x3H B4E 2T o] 7N R A45S
ey W7t shtol 7] wige] dojl mE S A
o] & Yul7} ¢lZ 4= slew A At ufje o
Itk 23y 9 ARIMA 23 242 3% 5348
P9 7123 Q1 ofo|r o]} o] & A Fsty] wizol wi-f-
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BN Bo] 7|3 P LA} B (autoregressive error model)
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1) CHHZF || (univariate time series model: ARIMA
model)
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I} JAro] s FEAte] Al o Fastar Al 7+e At
o]l Azt (lag)ollst HAI7F Q= AlAEolth ¥ B4 AlA
S WESHA] Eote AAES v AAGelE Btk 2
v A} A A gL W3} (transformation) ¥} X (difference)
o]-gste] A4 AAEE HEE 4 9t} Box-Jenkins &
WS A AAGTo]l &4 kst A4 AAE
ARMA(p,q) 235 o|-&3to] RA451A Hrh. T3+ s
ANAG 2A0A SARAT AAE 2Fo] Zdd =713
ALt 2 (autoregressive model) S 0835t A RS H4
g 4 5leH o] BS 53] 7] FAE AHE 4 Ut o
WHE E35] AHEste A 2@ olA A7 AAEA #
A7F & w AHEStE Holth S/ H A=A A7
FA 55 2Aske ul fastA AHEE 5 it

2 o rd

(1) Box-Jenkins 24 3&HA| gl

ARIMA(p,d,q) 23S ©|-83t Box-Jenkins®] &4 Wi
my A, e 24, 2y JA9 A AR Yotk
2iu; o] £4 A= A4 AAE ArY ¢ £45H= 74]
olBZ 27 EA Mo Abd E4 dAIE AFHof gt &
Aol AAsHA] b2 HIAAL AAEY Afol= BSs Ol
Bafjof gtrh HEHe] A9 &3] AHE-St= W o] Box-Cox
(1964) W gtoltt, ghof Az of| Z47t Itk 4= ¢E HT
of BE ARE GFE Ue F ARSET FAS O 2
=2

Z=(X+e)", A>0
Z=log(X+e), A\=0

AR EE B 3 A FolA 2 AR S W2 A=05
o AlF #g log Mgtolh WSt 2R E o]&ste] 4
A EAJo] o]Fojxm B4 oA dojzl o &2 A HS (back
transformation)S ©|-&35to] YA RS} 2 scaed &3t
2 94 "ot £=3 & 23 13 (random walk process)©]

AAE] Akl BHEE= F 9= X (difference)S S5}
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7$olE 92 AA (unit root test) S AA|Et] AES
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v A2 5 Box-Jenkins 'S o]-§-sto] 4514 Hrh
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(2) Box-Jenkins A0 A2 =2 AlH
*l?fﬂ“ BN AL toFat mo] AgHt. o] FolA 7
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(autoregrve integrated moving average) =& o|t}. o] &F
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Agte mFolth ARMA(pg) 23 Aot thg3} 2k
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th 714 & ERe|A FaA ACFoITh. weF A% Q
70055t Stk AR BYolett HES /14T 4 ¢
A BT o2 7|22 B4L JuetE) Do,

(5) Box-Jenkins 2A401|A{2] 0| = (forecast)

ANAE #£49 583 54 F9Y shte o7 23R4S
o]gsto] mlHE A5t Aotk & A n A-ZHA A
9 AE7t FoIFE W n+1 AFY AE FHE ASst= A
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(minimum mean square error forecast) W o]t} o] HH2
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(6) Xt7|2|HLAH 22 (autoregressive error model)
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Foljd Bag A5k Aol B 9 AIAE 230
A AR MY AR BP9 ST MA Y9 &
A2 6(B)<} 9(B)9 A9t B4E FAsHe Aol
t}. olo] F7tsked b= A|F| 2 (delay effect parameter) 2
@A AL o] AA S FFE F= AHE o)
AT mpolth. 5 Yol dolgAt AAtE T 1 9F
o] RSt Aol AHgshe Baolth o] 5o 24 W
< T A AL T Lt

3) ™MO|gte Z2& (transfer function model)
MY ZFoA AR AY M 0 1Y gt 2=
Agolth 2E &R Wk AAD A=7t BA A
AL ARQ) B4 WGe] IFL E 4 Yk A%HOR o

FE Fe AAE ARE 49 AL (input series)ol =} 3t

A Wl 24 WS 29 A9 (output series)ol2tar gt
ot Holgh: mEge MY BEE FAe mgolet AZstd
o BES 73| BAIE] Yste] g Ado] skl
2 o2 2ot
_w(B)B" | 0(B) 16
4="5.08) " eB)™ 9

2% (15 (1.6)& Blwstd (1.6)2 3lte] 48 A Lol
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o= Zfo|7h ok EE o /9] dF Ado] lttd ol &
Lol F7bstH At
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AE S fsiAe APdEA SR (pre-whitening)o] 28
1o o] AAE 7|22 dojx= wAAHFS (CCF: cross
correlation function)Z o|-&3to] w,(B)} 6,(B)2] A4S T+
A "ok E3 S &Y AE 29 d5S A d4E
A X9 d&gko] 2ast7] fiof Aol 2y E4<
AeiMe 48 A X9 23 24 H o So] A= ofof
gttt o] B4 WA 0(B)% ¢(B) 24 7 what
2F 2Y AR S dHE AAE £47 22 e
AHg-5HHE Frh

ol

4) CHHEF A|AIE 2 (multivariate time series model)

CHHF A AE 2Y 242 s AAE 24 SRt
S g AR Bao| et thak A2k mApA Y]
ARE 77ke] AA Do A2 GFS FIA €7] i
23 BHL th$ BsA o Rojath £3] Agshe o
M AAY Y 2AWS Box-Jenkings}h Aok W o=
2= AAE ARE B AALE BRE F 245k Y
I gHEe R 2T EE eAed 2P v AA

A2 A7 Agste] £AsH ol ek

(1) MAR 2 (multivariate autoregressive model)

g AAY 2g = 217|319 2¥ (AR: autoregressive
model)#} 0|5 H+ =¥ (MA: moving average model)©] &
F Z3EH MARIMA (multivariate autoregressive integrated
moving average) 2 o] FH =] Utk 28 A £ A
s 5t BE AAE ARTE A AAE] HE
e B3 @AF 02 = MA FEo] gl MAR 2
FE AEHT 47 o2 TE okl 53 B9, F
2ol A= hES 9H|shk= MAR ti4l VAR (vector
autoregressive model)2t F-E2t}. thi s A A Goll= B2 5
o] a7t ZHE o] Qlo AAEY Zo|7t AR Yod o
g AAE 2y E40] E7FssHA "t &3] AHgshe
MAR(p) 232 v 2t

o du e
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Z.r._.u:gpl(zr—l_.u’}—i_'“—i_@xa(zrt—p_p}—i_al‘ (17)

0:]7]k] Zt=(Zl,_,Z2t.---,Zm)', ﬁ":E(Zf}=E(Zme‘"-
{7?-‘ Tray 901,

z }fo]j_' E(at)zomollﬂ Va?‘((l,_)ZE': Tayy 0—5?_ P Oo I
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Tty T ™" 0m
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‘i’!\uml‘ Ql’k,rn?! B Erﬁk.mm
2 mygol my ¥, = 2% p8 AYSE PUE AIC
(Akaike information criterion), BIC (Bayesian information
criterion) & THFet FAFE olEsto] #3ET. 2y 2
ol thel B4k EatEo] Qo] 240 o gl Ue
4 ook WA 714 BalA) A EE 28 MAR®) 23
olt}.

(2) @A 2 (vector error correction model)

05 YL Y NALE YPOR TE F BA
A gk A AAD 7ke] BAS Fob A3 AR
ol B4 W e MAR BY 247} SASHAT 0x444 1B
g EA4oAE FHE AH (co-integration test) S AAE &
1 AE o] g3te] At} vhek v YAF AlA|E 7te] A
Aol A AAES ST o] AHE o] &5t AlA
d9] %7183 (long run relation) A& Ztobd - it ot
0] &3] #A o AHEE= 22 2ol

=]
AL =05, +P}j B, AZ,_,+a, (1.8)
i=1

o] 7] A Z,=(Z”_,Z'2“-",ZM)'o]_Tl, Azlz(zlt_zlf—]'
Z?r_Z'z:—ir"‘szm_é'?m—l)!o]‘:]'- = ﬂ:(l_B)ol—'_—’- Azf:
(1-B)z, = A&EE Yugth. = +&, ++b—1
2 117, /& &3 23 s+l FET B3, &) =

~$1 6, j=1p-10]th. 98] 2HE o ga}A = o

i=5+1
A Al o3 371 FYBAS SHere 4 A Bt o]

%
REHE SASS BA 97148 ol g35hy £4o] 7h5sitt.

2. §ARY A2 AAL BH

280 AAE EHANM A 4 e T 23 4
g 2 IS S50 SAAH =okolA AlA
4 71¥E o] 8 242 BA g o] HoXe
SEAE ZokollA AAE &4 7IHol AHE =8

H 29k

1) Box-Jenkins 24 22 0|88t HHHZE AAIE 24
2o A AFH =RO= |veset al. (2010)2 e AE
245 8 ARMA(p,g) 23S Hdstal 243k ¥
AA3] sttt SlollA AE S AIAE £4 A
F= Leeet al. (2007), Kim and Ahn (2010), Choi et al. (2013)

W o g
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o] Sltt. o2 EA W) Hls| dHF AAE A4S o
|3 oY A7 P o] =7 FolA Choi et al.
(2013)9] =2 AIAIE 2F S o]&sto] g otF ()9
7] 4 HEE &3 B =8oA A AEE
20023 1¥€EE 201349 12€71X] 2] ¥4 2R o|H F240]
2% (pH), &4 (DO), FH4(TN), 2 (TP), A71A
L& (EC), TR7I€a(TOC)7t 4o AHEH It o] =&
< ARIMA(p,d,q) 23 o]-§sto] BF-& A, B4g
A T, 2y FRE AAste] HF 2gS stk o
Aol vlEl Z20(Tp) &4 Ayt A8 A =o] 9L
o FAHLRE o] =R TPAEE o835t doj
Do AR 222, p-dk 5ol £EEHGLH F 2F
<2 ARIMA(1,0,0)(0,1,1)1o2 EFTh T3 1Y S 0|83+
AS AAZS Blwstgich 2ev 28-S AHEH &
Ato] AJz7ke] s 5o wep BAto] Y FojE AL ot
g o gler ol ¥igho] Basith:s wHE WE & e
A7} "t gEtA g EAoA = WEst (R E ol &
sto] £ & o]E ATt WS A= Ao| B
Ju] A8t 212 Box-Cox ¥
H E|aL, A o] A E
7] Slal WS AA|slof gt F

yT Y]

W thA] 9 scalex uy
< Kang and Shin (2015)

< AWk a3 o IAY 5 e BAE AFsH
53] 21 B ANE A AuEs AT o 23 3
49 39l K434 (exponential function) S A&}
FFHR A&E £ 4= Stk § HEE ARE o|8s)
o] & o & oA AZg 2,0 AFE HeA, &
explz, ., )& A&3to] 2 At ¥k 7

284 A explz4 50’ )& AT
of ot e Awrt g SE QAT G Aol
O

exp(z, - +%02)§ A28 79 MSE (mean squared error)
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2) X7 |3 HRA 2 2
713 e By S| ARF WS AR5
A2 £A431719) H3e mFoltk. Lee(2011)k mlA| WA
91 PM10 (Particulate Matter with a diameter less than 10 um)
L $4HSE EYHLZE 4 2T 2% (maximum tem-
perature), +<5 (wind speed), A& = (relative humidity), 7

M
Al

% (rainfall), YA (radiation), <% (amount of cloud)<
AH&-FTh E3F Kwon et al. (2013)2 SHAHAA G s 9] 4=
A A7Hs EAS te A £45 AAsHEA AAE
BT AAEHTH Kwon et al. (2013)9] =RoAs A7)
Azol tigk Al W FAE Zotstr] Y3l 4-01F Bt
AR7E 3L o] ARE o8t IARME AAEH
EE o] YA dofxl A 47 2 A9 27]= AA
2 9gn7t 9& £ oy m-olF B WS ARSEtA] ¢
I, ¥ AR Y A7|FALA} BPE o]§ste] EAE
AAtGTd oS Jgst 24 vt dojd £ A A
o2 PtE} Kimet al. (2012)2 34 43 229 A7)
HE FA B4 Yste] AAE B4 o] &3ttt &9
o =RAE FAAHQA BES AASHA] kL, @A 1
H o SAFE o83 EAS AAEAT. wetA o]

ORE By 2EL 9 & 9 AOE BHHd BY
YUt g G A7 B4E H8T 5 Uk 5
A4 A, 20 24 5T 2 FATS, ALY 4 B
48 4 Gl W 5L 34 4 ek ol s g e 1
AAG B4l ste) ol 9o A7 A BHS 0§

& ot ZAAE 243 #HEE W82 Worrdll et al.
(2003)2 AW B7] vz},
3) 7Y =Y 24

MY BFL AZko] BERA dojil AAL AR 5
7 AOlA A Apel dofd oz XA do] E2lA]
A 8 Aol BAshs Wl BHF AAE £4, 53]
ARIMA B35 o83 AAD #4dA= o] =2
2 HlEE S oA Y 2P ol8ste] AAE
24 AT =22 37]7F ok Kim (2006)2 43
9] COD A&E ARIMA 23 o] §3te] A5kt £4
ol F A9 Aol Yok weEo} AY =F 24
= AAstgh 2y B 24 Al #ed 54 AR
of off AIA A W8 % olFE WsIA ot AT
22 Y BYL olg3t 24 difolA] FAFYH A o]

5 gofsty] s ARt ddstr]= o Foh

£ Mol =53 #Est] HRE =22 AY gl A
o2 gohEh Bakker et al. (2014)2 X AEE 4F A
H = water demandE &9 AEE sto] Mol BFPZ o]
&35to] AT o] dAFolA= FAAQ 2F A
o AL T2 HREA Fkoy oY ALS AHESH=
Aojgty 2y EAo] wj¢ £43 AHE 2 USS W
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Frk. Choi and Moon (2009)= Al 2189 A3 Al7] #3}
E dstdaA A4 B (exponential smoothing)E ©]-&
e AAE A4S AAIET o] =FolAle 713 73
71¢ke] B EA] Ao ABEAS o8t F |
9 BAE EAsIETH Tk 712F A AGE A7)

£ 29 A U2 dlo] Aojghr BF LS o] 83 A4S AA 5
ot BAZH SR o glgst Ay ojA = & AL
2 gogr.

5) CHHZF A|A|E 28 M

Y AAG BALS thee) Bavt mEgo) i
2ol ohe 21 712t 5o AEs} wokRof st} mY Ay
B4 FAo] BRsich Bao] itk webd e e
o) ®57}h EFE MAR(p) R Hche reete Eatael
MAR(1) 2&o] 2 AMZHt} Hal et al. (2009)9| A= o
2 FAA 7IME ol8gste] BASHHA AIAE W7t 3
2l 33 MAR(p) 232 o83 4= AA ST AH-

A A Q W4 uninfected host class®] W%, infected host
class 223 diluting Daphnia competitor Y x=o|ct, 2L}
24} AR dolo] B AR 9, B A, F A5 p
2 AR Bl 24F 4 BFOAE Y 283
%) gFot 49| A1) 4o] Wojzlc,

3 Knapeet al. (2013)& ool A Smtaa o} mUE
12e EYE AL BE ANZ FRE 2L 99
Are)-37t 2 (state-space model) S ©]-g-3to] A5G
Ae)-37 BEL Aol F AGEA P, ol AE-
7 240 thiF AAE #£49 sholr] Weelth &
£ BAE o AAE 40 A9 E7H7] WZol
nF BAo] Lo]dt Aeg-3 7 a2 ALt o A
< T AAE B4 AMERITE 53] SASe|A PROC
VARMAXE ©|-§-3to] £4]0] 7153t}

HhH Keightley et al. (2011)2 LAMBDA £2ZE o] E A}
&3t 43442 MAR(]) 232 2483t &4 90 A€
A& £ pacific ocean perch (Sebastes alutus), Canary rockfish
(S pinniger), Sablefish (Anoplopoma fimbria), Pacific hake
(Merluccius productus) o] th. =3t 4219 A A Foll 9 &
T e e FHFE EA o ARSI &3] FAl A
ANAE EAoM = o E400A 7P dRbEdl 23S
VARMAX EJo|zt FEtt HA thizs %‘5‘}—‘& multi-
variate th 419 vectorE AMHE-313, AR &I MA FEo] gl
ow Aot RPAY UY AFol 9,1— 4 713 XE A
&5t "t o] =wolM= 74 FEY =4 A} F4F
o] A7k, 2y A o] dEo] glon FHZFY
4 Aot A= FeA ol FAZLZE S B

7]

o
o
=
2
e

>

G B4 P BelF3 ek o714 LAMBDAE open
source Matlabo] 3 20079 MAR workshop ESA| A=
LAMBDA7Z} AHEE QT 28 B4 7]1AQl SASeA+=
PROC VARMAXE ©]§3to] o] Bg& AT = Qirh.

6) Y[t AlMHS} B XI% st ALY 2 At
A oA AL A E}% AEEY A4A
22X Fag 7|Hto] Huf, L¥sh= A I A9 v
=2 A FoagstaA A W o A A
3 Edjo] 2 9 vtk (Turner et al. 2001). wetbA] 7]
SHsto] ju|dt AEjA Ford B7HE A S8 EAY
AR AE ek st gk A7) Fast, o9 BHiste]

AGAL 7|9k AEjA EYEY 78] 8o F7kskal Q)
£ Aot FHAEH Y (NIE 2015) 91 A= 7] 5 slo] w2
FoHE A H-eAE = A+E Y3 MODIS (Moderate
Resolution Imaging Sepectroradiometer) ¢4 AlA 7} #
E3F 1597 (2000 ~2014) 9] G4 EAJste] NDVI
(Normalized Difference Vegetation Index) A& 4319
1:]— :_IE}],]— E.Z:}Z(:]O] A]A]g 2rAe o].Q_fs],x]J:. oJ-o]-ou;],
T3] 159 E9ke] NDVIQ] ¥ 3|7 Aahe =530
2H v S dSsHA= Ed

Z2E # NA

2 AFolMe 2AF AR Aol7h F&3] 1 AIARE A
2 24t Y SAAH ARoA oA AAL A
E 40| FHHU=A AHET AT 23 AAE 24
< o83 =2l BA 42 ASs &+ AT EIF A3
AAE £ S shepstal £45H] E AT =8
AT ol= BA BEEorAE 7 AAE ARE de A
o] oY 24T AR7 BA ¥ WELR ATHET
EZ GHF AIAE 24 5 ARIMA 233 7] 8] 24t
B2yg o] 87 240 B2 %\‘01] g dojg 2y, thi

2 AdiA e g oju]skglc.
_r,a‘_ tﬂﬁ]—i uJ-O 9:1-7:] u] 7‘§
7} tﬂo}ﬂ EH—E of Molgty REPS o83 AIAE BALS
AoE & 71$ AEE 49 A4
=2 :LE'JJ-E‘r A A57E 29 Ago] He A 24
o] YtEA] gttty wtETh £ T AAE £49
7% SASIPROCARIMA, A7) 3] 2.4} =82 SASPROC
AUTOREG, #o|§4 23, MAR 282 SAS/PROC
VARMAX S22 o]g7 ¢A £4& 3T 4 ot ot
oher £49 A9 B2y Z3E 249 7 W] i
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Wi

F1e] 2717 27 oA MAR(L) EE MAR(2) =
A7t AR Y BES ARGSTH 9% 24 2
o A& Aoz wdnh B FF FasHA A
9344 HFPE PROC VARMAXE o] &3}

filo
>

X 0
%9l

pSkel
==

rr

I

2 oo B oofh 2
de i of

+
50,
T

H e

2AH AE £ AHEE w2 AE7F ATt whet

AUt 2AH A9 7 A2 H Lol AETE
& ARE F2 @7] W&o §HE SAAU o7 A
AE 2AFY A B4E =5HA 9. o|uf A5
= " o] AAIA AE B4 (longitudinal data analysis) £=
2323 (mixed model) £4] o]t} 2Lt A 4271 wot
A ¢Fo] FHSITHH WHEHQ (=7t WRsHA] gon
gt AR = AAE 4 71 o83t £4]5HA
53] @A} 2ol oY AFAA @olX A= 427t Wot
U= AN ZF W 7ol AR ojd gFE FEA
F2 o FFE UA HeA 452 d¥TH AA
A < AHESH ARE B4 oF gt 2 AT
A s A AYD B4 (univariate time series analysis), 7l
Q] B4 (intervention time series model), Ho|gt 2§ HA
(transfer function model), ThH=F A|AE EA (multivariate
time seriesmodel) 71®2 273t FA7A] AFE U<
A7 =23 ATEST B3 3% Y AR 49
A F23A AMEE = Qe 2344 2 (error correction
model )< 473} Tt

o

o

At Al

2 A e R |FHs s e EAry (2014
[
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