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Time Series Analysis and Forecast for
Leachate Quality in NANJI Landfill
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Seo-hui Park, Seung-mi Kwon, Mok-young Lee and Soo-mi Eo

Abstract

The autoRegressive integrated moving average(ARIMA) procedure analyzes and
forecasts equally spaced univariate time series data, transfer function data, and
intervention data. An ARIMA model predicts a value in a response time series as a
linear combination of its own past values, past errors, as well as the current and past
values of other time series. In this study, two ARIMA models were developed to
forecast BODs and CODcr concentrations of leachate from the NANIJI Landfill, using
monthly data from January 2004 to December 2013. The best fitting models were
ARIMA(L, 0, 20)(0, 0, 0), (81-10=012-10=0) for BOD5, ARIMA(L, 0, 4)(0, 0, 1), (61=605=
03=0) for COD, There was good agreement between the model predictions and the
field measurements. Most of the predicted values were located within the 95%
confidence limit. The model predictions and field measurements in January 2014 were
30.8 mg/L and 21.0mg/L for BOD; and 142.8 mg/L and 150.3 mg/L. for COD,
respectively. In the case of BODs, the model predictions reflected the maximum values
for January 2012 and 2013 during each of those years. In the case of COD,, the field

measurements were predominantly equivalent to the model predictions.

Key words : ARIMA model, Exponential smoothing method, Time series analysis

- 177 -



M E

B AT gAYl e wigA = 19784
BE 19939 3¥7bA 159 Heb ok 92,000m'¢)
A 7153 e Ee] FREA g A =
Ad YA AA R GA] njdd 672 A
F9)7]150] 50.2%, AZFARAL 46.7% 2 FE v
HeFol oF 97%5 Ao, ojyg vigo®
olal WA 1,081,000 m', o] °F 94mel A 1w

AA e WA 702,000 m', o] °F 98 mel Al 2v
HAAZF @aEAd. 271 e v g

S Agsg 2F QdEHo] &9 T

B 20024714 AECskEAL, R4 4,
WREE, EAsAYA Y 5

o} et skEAE AAEH A,

pu]
g
rlo
it
o,
u
X,
ki
bl
o

fr ooz B R
o
I o2
= rl
w0y oy S
F‘I_(F o0, N oR
= r
o o
o
J
SO )
Jo
18
rg
»
©

m_ﬂéodnxowﬂmi—mmk
o =
£ 22
> N
=) E EE} Sl
o =
m
2 4,
E u)
g H:“
o 2 .
5 Iy r_i‘
T ~
o e
o LMo
=2 o
ol
H
=
=4 & ol

w2
e

r
pot
rlo
P
o
o,
=
30

olglst AAE AEE o] &3t oS

A, 2718 A LAY, ArEE
, ARIMA W4, Holgh
FEY 5 ohget we] k. &

AAGEA ] Wo] o]&FE Box-Jenkinsg
ARIMA(AutoRegressive Integrated Moving
Average model) R8-S o] &3 A|ALGEAS A
=3kt ARIMA 238 dAje #=3S A7)

Aale] A Bk} oAk Aot AL g
UhS o] &sto] Auels BYoR AAEe 4
Q471 AREe] sgol wet vig- wEA WEehs
3o #8383 WRloltt. Box-Jenkins(1976)<]
7430l digk A WAl wet
ARIMA E3¥3} AHE4  ARIMA
(SARIMA) 280 = A&
ARIMA E¥9] o3 HAE B3
603 3]

A e A e
SEEENEES I E D

ARIMA 2¥&
AEA9

N
a2 d
1o
3l
o
X, mlo
-4
24
&
+
o
o2
(e}

7

A A= AdE B3

H(non-linear maximum likelihood estimation

method) &2 FA43t} 28] 434 #4F o

M= By 4 HAdA AEd oY 7HA

SAAQ 71WHe AHgSte] Yo A
| 3 ]

ekl
ZA} 0] %9l 200495E] 20139744 1067 3
g A% AFF £ F T uEY &
71431 BOD59F CODer< tldo= ARIMA
2YS 483 AALGRAS Fo JZRFL =
FRORA, GF £4L AZFHL WHA AT
o ARE F83374 39
Mz o
1. HCHA
S A 3

=2 &
= =
7%, Biolochemical Oxygen
ay Test), CODg, (T2 E H2EH



Table 1. Summary of organic pollutants(mg/L) for leachate samples during 2004 ~2013

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
BOD;s 27.0 29.3 14.7 14.5 13.4 18.0 12.4 11.3 15.8 15.7
Mean COD¢y  213.7 246.6 167.9 220.5 212.7 233.1 151.7 130.0 121.1 116.6
BOD;s 29.7 24.2 5.0 6.3 14.2 7.6 7.2 4.1 7.0 7.5
Sud CODg  31.8 46.5 55.8 56.0 73.8 57.9 53.4 46.3 37.2 53.3
Max BOD;  120.0 102.0 23.3 28.5 56.3 35.7 25.0 17.9 29.4 32.3
COD¢y  266.7 340.0 260.0 280.8 316.8 329.1 251.5 205.6 169.7 211.1
Min BOD;s 13.0 15.0 6.6 4.5 3.6 11.5 3.8 7.0 6.0 7.7
COD¢;  165.0 188.0 90.0 98.1 84.7 157.8 96.8 70.8 42.6 52.1
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Fig. 1. Fluctuation of BODs and CODc; of leachate obtained from NANIJI landfill during ten
years(2004 ~2013).
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Fig. 2. The AutoCorrelation Function plot output of BODs.
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Fig. 4. The AutoCorrelation Function plot output
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Autocorrelation Check for White Noise

To Lag Chi-Square DF Pr >ChiSq
6 20.76 6 0.0020 0.391
12 23.65 12 0.0227 -0.066
18 30.94 18 0.0293 0.173
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0.021 0.084 0.028 -0.071 0.099
0.180 0.072 0.017 0.058 0.026
-0.170 0.028 0.062 0.054 -0.082

Fig. 6. Check results for White Noise of Identification step of BODs.

Autocorrelation Check for White Noise
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Fig. 7. Check results for White Noise of Identification step of CODc,.

Conditional Least Squares Estimation
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Fig. 8. Parameter Estimates for ARIMA(1,0,20)(0,0,0), (0, _,, =
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Fig. 9. Goodness-of-Fit Statistics for ARIMA

(1,0,20)(0,0,0), (0y.19=015_19=0) of
BOD:s.

Correlations of Parameter Estimates
Parameter MU MA1,1 MA2,1 AR1,1
MU 1.000 0.022 0.030 0.043
MAT,1 0.022 1.000 -0.039 0.059
MA2, 1 0.030 -0.039 1.000 0.049
AR1,1 0.043 0.059 0.049 1.000

Fig. 10. Correlation of the Estimates for ARIMA
(1,0,20)(0,0,0), (0, _.y=015_.,9=0) of
BOD:s.
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Conditional Least Squares Estimation

Parameter Estimate Standard Error t Value Approx Pr > [t] Lag
MU 181.46526 13.28614 13.66 <.0001 0
MAT,1 -0.22969 0.09413 -2.44 0.0162 4
MA2,1 -0.22444 0.09812 -2.29 0.0240 12
AR1,1 0.44618 0.08597 5.19 <.0001 1

Fig. 11. The Parameter Estimates for ARIMA(1,0,4)(0,0,1), (6, =6,=0,=0) of CODc,.

Constant Estimate 100.4986
Variance Estimate 3147.772
Std Error Estimate 56.10501
AlIC 1311.011
SBC 1322.161
Number of Residuals 120

Fig. 12. Goodness-of-Fit Statistics for ARIMA(1,0,4)(0,0,1), (6, =6, =60,=0) of CODc,.

Correlations of Parameter Estimates

Parameter MU MA1,1 MA2,1 AR11
MU 1.000 -0.013 0.013 -0.003
MA1,1 -0.013 1.000 0.042 0.218
MA2,1 0.013 0.042 1.000 0.066
AR1,1 -0.003 0.218 0.066 1.000

Fig. 13. Correlation of the Estimates for ARIMA(1,0,4)(0,0,1), (¢, =6, =6, =0) of CODc;.
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Autocorrelation Check of Residuals

To Lag Chi-Square DF Pr > ChiSq Autocorrelations
6 0.65 3 0.8841 -0.001 0.026 -0.026 -0.025 0.061 -0.016
12 2.36 9 0.9843 -0.033 0.033 0.040 0.024 -0.006 0.109
18 5.11 15 0.9912 0.079 0.103 0.068 -0.021 0.068 -0.023
24 7.40 21 0.9972 0.035 -0.001 0.096 0.051 0.062 -0.087

Fig. 14. Check for White Noise Residuals for ARIMA(1,0,20)(0,0,0), (¢, ., =0, .1, =0) of BODs.
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Fig. 15. The Autocorrelation function plot of Residuals for ARIMA(1,0,20)(0,0,0) (6, .., =051 =0)
of BODs.
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Fig. 16. The Partial autocorrelation function plot of Residuals for ARIMA(1,0,20)(0,0,0),
(0).10=015_19=0) of BODs.
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Fig. 18. The Autocorrelation function plot of Residuals for ARIMA(1,0,4)(0,0,1), (0, =6, =06,=0)
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0.091921
0.093194
0.094711
0.094711
0.095178
0.095631
0.095681
0.095681
0.096860
0.096861
0.096919
0.096983
0.097779
0.097931
0.099901
0.099904
0.099904
0.099948
0.100688
0.102726
0.104133
0.104912
0.105191

ARIMA(1,0,4)(0,0,1),



Table 2. Estimated ARIMA(1,0,20)(0,0,0), (6, =6, 1, =0) for BODs

Estimated Mean

Autoregressive Factors

Moving Average Factors

15.60213

Factor 1: 1-0.42832 B**(1)

Factor 1: 1-0.15027 B**(11)

Factor 2: 1-0.21893 B**(20)

Table 3. Estimated ARIMA(1,0,4)(0,0,1), (6, =6, =060, =0) Model for COD¢,

Estimated Mean

Autoregressive Factors

Moving Average Factors

181.4653

Factor 1: 1-0.44618 B**(1)

Factor 1: 1+ 0.22969 B**(4)

Factor 2: 1+ 0.22444 B**(12)
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Table 4. The Forecasts for BODs and CODc;

Forecast

Date
BODs CODcr
2014-1 21.02 150.34
2014-2 17.27 131.39
2014-3 16.53 172.43
2014-4 14.29 156.75
2014-5 16.92 151.90
2014-6 16.50 176.52
2014-7 17.26 153.38
2014-8 15.85 156.03
2014-9 12.84 169.77
2014-10 15.84 169.18
2014-11 13.58 170.78
2014-12 14.03 158.86
Mean 15.99 159.78
2015-1 16.64 172.44
2015-2 16.90 175.08
2015-3 17.28 179.00
2015-4 17.60 176.88
2015-5 16.59 179.42
2015-6 16.84 180.55
2015-7 16.02 181.06
2015-8 14.20 181.28
2015-9 14.77 181.38
2015-10 15.32 181.43
2015-11 15.56 181.45
2015-12 15.33 181.46
Mean 16.09 179.29
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Fig. 20. The Plot of Forecasts and Observations
for BODs.
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