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Interval time series models-based vessel price index forecasting

XU Yuanyuan', GUO Hongyue'* , WANG Lidong”
(1. Collabrative Innovation Center for Transport Studies, Dalian Maritime University, Dalian 116026, Liaoning, China; 2. School

of Science, Dalian Maritime University, Dalian 116026, Liaoning, China)

Abstract: This study considers the forward freight agreement (FFA) as an exogenous variable to analyze its specific impact on the
vessel price index. With the center and range method, an interval autoregression model, an interval error correction model
considering the co-integration between the upper and lower bounds of the interval time series, and interval error correction model
with an additional incorporation of the exogenous variable FFA are established, respectively. The constructed models are employed to
perform the interval prediction of the bulk carrier newship price index and bulk carrier secondhand price index. Based on the criteria
MAE and RMSE, the prediction accuracy is higher after adding the co-integration term and FFA into the models.

Key words: interval time series; vessel price index; forward freight agreements
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Table 1 Examples on interval-valued prices of bulk carrier index
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Al 5 5 A 0 v
Yf Yl YI Y!
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Fig.1 Interval-valued prices of bulk carrier
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Fig.2 Bulk carrier newship price index difference of (a) center series and (b) range series
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Fig.3 Bulk Carrier Secondhand Price Index difference of (a) center series and (b) range series
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Table 2 Descriptive statistics for interval prices of bulk barrier
e AR 5[z HE RRME B/MAE bRiEE i 3 IgRE B GtitE PH
Yr 136.55 130.94 191.21 105.23 20.71 0.80 0.03 28.68 0.00
YV 137.19 131.40 191.58 105.36 20.90 0.78 -0.02 26.97 0.00
) YC, 136.87 131.19 191.40 105.35 20.80 0.79 0.00 27.80 0.00
B YR, 0.33 0.19 5.73 0.01 0.57 5.71 43.26  22374.49 0.00
AlnYC, 0.14 0.08 4.42 -6.13 1.25 -0.36 4.91 276.86 0.00
Aln YR, 0.00 0.00 4.05 -3.29 1.26 0.10 0.07 0.53 0.76
Yh 126.18 118.35 216.31 70.64 34.93 0.75 0.05 13.10 0.00
yY 129.15 119.15 219.08 71.15 35.89 0.71 -0.09 12.03 0.00
T YC, 127.67 118.66 217.63 70.90 35.38 0.73 -0.02 12.54 0.00
YR, 1.68 1.25 9.02 0.05 1.64 1.60 2.94 112.55 0.00
Aln YC, -0.18 -0.26 10.91 -10.03 3.54 0.03 0.48 1.66 0.44
Aln YR, 0.02 0.10 3.10 -3.49 1.37 -0.08 -0.17 0.25 0.88
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Table 3 Results of the co-integration test on interval-valued price series
WRZE BT lag  ADF P g WAL BT lag  ADF Pl ZE5ie
0 1.76 0.980 AR 0 -0.63 0.46 R
Iny; 1 077  0.865  AFF Iny; 1 -048  0.51 AT
0 1.48 0.964 AFFR 0 -0.63 0.45 PR
InY; 1 .05 0921  AER ¥y 1 -041 053 R
S . 0 -7.70  <0.01 Fra e . 0 -6.85 <0.01 Fra
HEM Ay, 1 -530 <001 wr | B AWy 1 -434 <001 T
0 -11.78  <0.01 Fra 0 -6.63  <0.01 Fra
Inyy 1 -653 <0.01 T Iny; 1 -4.63 <001 e
0 -1254 <0.01 Fra 0 -8.99  =<0.01 Fra
“ 1 -853 <001 T ”’ 1 -6.39  <0.01 T

T, FRXECE T IRE MIE T REFR 2 751, lag 2R G 4,
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Fig.4 Interval-valued prices of FFA
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Fig.5 The FFA price (a) center series and (b) range series

BERIZEIRINGR 4 MR 5 s o X T3 TIOR8 BUT 91, IR ZEAE IE TR FFA X 4 46 K -5 i) fi

F L REBIETR A RS  BE X T T RO O A 18 KU 5 FRFA X T i K- 3 1R 22
I TEITOR RS B SIS0 B3, 3 22 5 T RB 2 HHUB I A — T4 A RO AAPERE & BT T3 RE ) A%
W SRR LA [F) A3 0, B i A e A is T 3 5 B s D BEansRi, it e B Bt RIS R AR 1L, —
FHGA A, O P gh B JRI 24, REAS HUHGE N T 3
KA PGS TE R N R ARG T4 R

Table 4 Interval-valued time series models estimation results of bulk carrier newship price index

2018-02

2015-08
2016-11 f

HAy
(b) 27

2019-06
2020-09 L
2021-12L

. - AR ECM ECM-X
T AR g " ~ —
EX 4 P1H EX 4 P1H £ P1A
B 0.0328 0.313 8 0.0337 0.307 8 0.034 1 0.304 5
B 0.5491°** 0.000 0 0.5418*"" 0.000 0 0.5338*"" 0.000 0
LSy .
-0.1940 0.013 4 -0.2158 0.007 1
o 0.649 8" 0.024 6
By -0.0147 0.416 8 -0.0149 0.4134 -0.0149 0.413 6
B -0.5106"*" 0.000 0 -0.578 8"** 0.000 0 -0.578 8" 0.000 0
We 27 .
¥ -0.3432 0.000 2 -0.343 1 0.000 1
5 ~0.000 4 0.498 4

TE By By vye FI 8 b 7 B R BOT i 0 R A TE T FRA U TG R4 B, B vy F1 &) Ak 26 J7 R4S T0UGS I 14 o
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Table 5 Interval-valued time series models estimation results of bulk carrier secondhand price index

B o AR ECM ECM-X

I i H P i 7H P i RH P i
B 0.2342 0.181 1 ~02175 0.1987 ~0.216 4 0.1867
B; 0.6136™°  0.0006 0.6431°°*  0.000 1 0.607 6" 0.0001
P ¥ 0.128 6 0.1322 0.159 1 0.0732
5 44728 0.000 1
B, 0.028 9 0.405 2 0.0323 0.386 9 0.032 8 0.385 6
, B, ~0.4614°"°  0.000 1 ~0.6597°°  0.0000 ~0.6603°°  0.0000
Wi ¥ ~0.2388°"  0.0001 ~0.2389°°  0.000 1
5 0.099 6 0.259 4

.80 Bl R ES Ay R RO IS T 1R 506 IE T S, FRA TR EEAG R A8 . B vy I 88 Sk 2% 5 B 4% TN o (14
BAERB T F BIFER 0.01.,0.10 1B F MK,

2.3 TR
BT b S R 22 O TR A5 ) R BRI Y- R P e EUX ] B R BR AT 48 X 1 2% MAE®
MAE" FI¥) 7% 2 RMSE" RMSE" {1 F ¥4 48 ﬁ MERE IR

N
MAE" = 2 lYh-YH|,
N
MAE" = Z ,
-
RMSEL:J Z(Y -7
o
RMSE" = Z(Y” Y,

Hr N EFEASE  MAEY MAE'Y RMSE" RMSEU RSB/ | XoF Ty R (1 U AS 5 5
KTt T AR TR BUT 51, 2050 Hedse 1 A R 2 I Sk A5 A4 0 TR, dne 6 g SR
7, XA R R 22 B IEAAY DL ST A FRA 1Y IX R 3R 2548 IE LAY 1) MAE" MAE"Y RMSE" & RMSE" [ #({H
B/NT A AR 255 B A A EAS B FRA 0 X 8] B 22408 IE AR R (AN Fe b BU(E Be /) . X HESE i 2%
R FEFI AR ZEBIET SN EAS B FRA Jo BB AG TR0 45 5 08 R imf
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Table 6 Comparison results on the data of bulk carrier newship price index

S RS jLneS
AR ECM ECM-X AR ECM ECM-X
MAE" 0.906 9 0.9017 0.897 2 0.770 2 0.762 6 0.720 6
MAEY 0.8311 0.8100 0.802 7 0.909 9 1.164 2 1.1576
RMSE" 1.701 8 1.694 5 1.666 8 0.9811 0.9480 0.9397
RMSE" 1.360 3 1.3176 1.303 5 1.3037 1.5541 1.5410

TFT RTINS R AR 7 s, X FUNRERE X R R BRI S A FRA T (14 [X i) 7Y 5%
2B IERAL Y MAE" Fl MAEY A4/ F X [R5 [ [0l AR, 57 A S E A4S 5 FRA 1 X [R]85 22 & 1IE AR
AU RMSE" 1 RMSE" $fE /), % TR , 27 5 & TN e b, X R AL R 2508 IE AR 27 A FFA fIX
[) T 5 246 TE AR () T e PR A b, 27 BTl 51X Ta] b R BR MR I ) 12 2208 1E AR A7 A A A AR
FFA [ X [] 5015 2506 1E AR TR0 R A 2 TH A AR A0 A% 8 B0 TO0IDRS £
#£7  ZFTHIEA BT R0 25 5 L

Table 7 Comparison results on the data of Bulk Carrier Secondhand Price Index

S RS jLjneS
AR ECM ECM-X AR ECM ECM-X
MAE" 2.343 6 2.120 1 2.1658 2.896 4 2.8002 2.766 6
MAE' 2.9973 3.1023 2.640 8 2.4521 2.398 8 2.3556
RMSE" 3.3731 2.898 8 2.9077 4.403 2 4.4174 4.270 2

RMSE" 4.1995 4.3854 3.8362 3.540 3 3.569 0 3.3719
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