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Abstract: One way to minimize national logistics costs isléwelop multimodal transportation. The steps fattimodal
development are forming a linear model for eachspartation mode, the simultaneous formation afiear model, and
forecasting and simulation of the minimum transgiioh costs. Area partition based on distance earsbd as a solution
for selecting transportation modes in multimodahve certain distance. It can be useful in redutiagsportation costs
that only rely on unimodal, namely trucks. Therastion of reducing logistics costs is by forecastyoods that will
pass through transportation modes in 2025 and mdki simulation. Train or truck is used for stdigtances such as
moving goods from factories or warehouses to trignsént points and from transhipment points to comess or retailers.
Trains, freighters and planes are used as the roates as needed. The simulation results shownttainal logistics
costs reduce by 17% when using the lowest-cosspatation mode in the area division.

1 Introduction Indonesia's logistics performance. Indonesia'sstizs
A Country‘s |Ogistics performance can be seen fr0|COStS CUrrently reach 26% of the Gross DomestidiRrb

the value of the logistics performance indicatoP(l. (GDP). The logistics costs are significantly diéfat
LPI is an index created by the World Bank to measuiwhen compared to developed countries logisticdscos
the logistics conditions of a country [1]. Tablesows I-€. Japan and the United States, which are 10.686 a
that Indonesia’s LPI rank is 46 out of 207 coustrie9-9% of GDP [7,8]. National logistic cost consists
recorded by the World Bank in 2018. This ranking itransportation, administrative, and inventory costs
below several ASEAN countries such as Singapor12.04%, 4.52%, and 9.47% of GDP [9,10]. This cest i
Thailand, Vietnam, and Malaysia. also higher when compared to some ASEAN countries.
High logistics costs cause decreasing investocsine
Table 1 LPI data for several ASEAN Regionin 2018  and move their investigation to other countries trave

Country Score LPI World ASEAN lower logistics costs [11].

Rank Rank The Indonesian government has taken various ways
Singapor 4 7 1 to minimize national logistics costs, such as mining
Thailanc 3.41 32 dwelling time and balancing the imbalance of cargo.

2
Vietnarr 327 39 3 Nuyanto & Ngajian stated that dwelling time does no
Malaysic 327 41 4 show a decrease in logistics costs. Instead, itthas
Indonesi: 3 1t 46 5 potential to impose additional costs for entrusting
containers to depots outside the port [12]. Priddi]
stated that imbalanced cargo greatly impacts high

The poor performance of Indonesian logistics waI e Ind ) has b 3
due to the significant differences in product psioghich ogistics costs. Indonesian cargo has been gettiag
balanced in the last 2 years, but it does not have

led to economic disparities between regions [2T6le -~ ) : : O
high national logistics costs also show the lack Osllgnlflcantlmpact on reducing national logisticstdOne
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alternative to reduce national logistic cost isrimimize The significant impact of the independent variaiie

logistics transportation costs. the dependent variable can be seen if the regregsio
Logistics transport plays a major role in improvingvalue is less than 0.05 [22]. If the independentalde

the country's economy [14]. Logistics transportaiidso  has been proven to affect the dependent variaida, it

affects the price of a product [14]. The comparigdn can be seen the amount of influence of the indepeind

transportation modes in Indonesia is 90% roavariable on the dependent variable by usR?) R? is

transportation, less than 1% air transportation, 8% used as measure of model fit [23-25]. The functibR?

transportation, and 1% rail transportation [15]is (3)

Indonesia's logistics transportation is currentiyll s

dominated by unimodal, namely trucks [16]. Instedd RZ = v 19 3)

minimizing logistic transportation costs, it is als T vy

possible to develop transportation system models

integrated with other multimodal transportation med where VX9, is residual variance andWX,y, =

[17]. Multimodal can reduce logistics and admirasire ﬁZﬁﬂ(yn — 7)2. R? which is more than 60% indicates

costs because it has a single national window qunce that the independent variable has a dominant nole i

influencing the dependent variable. The rest idarpd
2 Methodology o _ by other variables [26,27].

Data used in this analysis is the distance datg @en ° After the significant regression test, it is contal by
the independent variablX)(and cost data (in Rupiah) asforming the model simultaneously. Each mode of
the dependent variabl&)(in 2021. The data analyzed istransportation model is formed in a linear line hwit
using one dry container (2TEUs). Transportation @sod apscissa axes in the form of a distance from 02@02
compared are trains, freighters, roll on roll dRQRO) m. This distance is the estimated length of thegést
ships, and trucks. The data of train, freighter R@RO jsland (Sumatra) in Indonesia, which is 2194 km.
are taken from State-Owned Companies and truckatata Qrdinate axes result from a linear model of eaclenaf
from Private Companies. The aeroplane is not usethe transportation. The point of intersection is usedaa

of the parameters due to the high cost and cannehm poyndary to divide the order of transportation nsidhet
loading of goods much, so it is used as an exausishould be used.

alternative for sending small goods and fast titr&20]. The calculation of the cheapest route is done after

_The data are formed into a linear model for eacteno getting a linear model. The cost of transportatidth the
using ordinary least squaréSLS) [21]. The linear model cheapest mode of transportation is calculated by

function is (1) calculating the minimum transportation costs ane th
cost of moving goods [19]. The network model and
Yoxr = XnreBrx1 + €nxa (1) mathematical formulation is (4):

. L L . K
The linear model assumption is minZ = Yy Xjes, Lrey Cxl +

i . kl,.kl
E(S) — O,E(SS’) — O.ZIn ZI.EV Z]EAz Zke] agn (4)
Calculate the sum square of the error where . :
c{‘]- = The transport cost from nodé& nodej by choosing
ele= (Y —XB)'(Y —XP) I;ktransport
=Y'Y-B'X'Y-Y'XB+BX'XB i

. " . 1, From node i to node j select the k transport mode
=see=YY=-20XY+BXXS =

10, From node i to node j select another transport mode

. ) . cH=Tnhe conversion cost from tkeransport mode to the
with f is the estimator of. The way to minimize is | ransport mode at node
make condition the first derivative of the sum sgquarror .«

e'e to be zero !

{1, At node i, switch from the & tran. m. to the / tran. m.
0, No change of transport mode occurs at node i.

i (e'e) =0= —2X'Y +2X'Xf =0 A7 =The set of nodes pointed by the arc starting fnoate
%] i connected to node
=>X'XB=X'Y Af = The set of nodes, at the end of the arc that is
connected to nodeand points to node
OLS estimator of (2) V' = The collection of all nodes in the network
ﬁ‘ =X'X)X'Y (2) 0= The starting node of the network

D = the termination node of the network
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I = the collection of all intermediate nodes integdwork 3  Result and discussion

J = collection of all modes of transportation The data is presented descriptively in the forma of
scatter plot, as shown in Figure 1. Figure 1 shtves$
The calculation of the cheapest route is carriebau the distance data forms a linear pattern of casteéch
the island of Java because the complete mode mode of transportation. Figure 1 shows that theee a
transportation is on the island of Java. Calcufetiovere very few train lines in Indonesia. There are oniy s
carried out in 4 simulations, consisting of Cikagery  destination stations for cargo trains in Indonesiger a

Port — Tanjung Mas Semarang, Cikarang Dry Port |inear pattern is seen, a linear model is formeihgis
Tanjung Perak Surabaya, Tanjung Priok Jakarta ordinary least squares (OLS).

Tanjung Perak Surabaya, and Tanjung Perak Surabayginear model of RORO is (10)
Tanjung Priok Jakarta.
After the simulation is done by getting the cheapes Yroro = 10828600 + 11457X,4. (10)
route, then the right transportation mode is olgtdias
the main haul in multimodal. The multimodallinear model of freighter is (11)
transportation system in Indonesia is expected @0 b
realized in 2025 based on the presidential decdge [ Yiceighter = 2617045 + 1828X cighter (11)
Therefore, an estimation of the amount of movenaént
goods in Java will be carried out in 2025. Linear model of train is (12)
Forecasting methods used are simple moving average
(SMA) and double exponential smoothing (DES). SMA Yo . =702216 + 3253X... - (12)
indicator is by calculating the average historidata. train train
SMA indicator at the-th time step with a historical data | jnear model of truck is (13)
size ofm can be formulated as (5)

- Yiruek = 1448726 + 16368X ek (13)
SMAt;n — uzlfnt—u+1 (5)

P-value and coefficient of determinati&? for each
with p, is the data of tha-th time step [28]. The results mode of transportation are shown in Table 2. Thelpe
of the fitting will be used as a basis for foretagtthe for each mode is less than 0.05. The p-value ineicthat
following year. the distance of each transportation mode has #isat

DES is a time series forecasting method if thera is€ffect on costs. The magnitude of the effect ofadise on

trend in data patterns [29, 30]. The modelling alfyon  COSts can be seen using the coefficient of detextioinR 2.

is (6): R? for each transportation, mode is above 60%. Pevalu
0] DetermineS’, = 6P, + (1 — 6)P’,_, andR? shows that distance affects the cost of each mode
(ii) DetermineS”, = 0P, + (1 — 6)P",_, of traqsportation .significantly_. Further_more, a elan
(i) Determiney, = 25't — S”, mod_el is formed with the abscissa ax¥yif the form of
(iv) Determineg, = X—(s’, — S",) a distance from O to 2200 to create a model
e simultaneously.

(V) ThenS., =y, +¢.z
Table 2 P-value and®or each transportation mode
The best model comparison between SMA and DES|ndicator Transportation Moc
is by comparing the smallest mean absolute pergentg Truck Train Rorc | Freighte
error (MAPE), mean absolute deviation (MAD), and value | 0.00( 0.01( 0.00( 0.00(
mean square deviation (MSD) [31]. The functions of R2 95.51% | 81.60% | 77.66%| 70.15%
MAPE, MAD, and MSD are (7), (8), (9)

Figure 2 shows that there are 3 points of intergact

MAPE == ’gzllpfp—_ﬁf' (7) on the abscissa axes (80, 1344, and 1910). Thd thir
19 £ intersection point is not used as a parameter lseciis
MAD ==Y ,|P, — B/| (8) : : o i
pot=1ltt Tt at a high-cost coordinate. The area is divided thtee

MSD =2 ?zl(pt — pt)z (9) areas, according to Figure 2. Area 1 is a tranafiort

n distance of less than 80 knX < 80). Area 2 is a
transportation distance between 80 km and 1344 km
(80< X <1344). Area 3 is a transportation distance
above of 1344 kmX > 1344).

The last step is the estimation of national logssti
costs through the multimodal model to see the redic
in logistics costs after the multimodal model ipkgd.
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Figure 1 Scatter plot between distance vs costansportation modes (a) Train, (b) Roro, (c) Freigh and (d) Truck

Area 1 shows that the train is the cheapest mode km and 1344 km. The train can be used as a maih hau
transportation, so the train is the first altermatior the for transportation within the island at medium drstes.
main transportation. However, not all areas hawess The second cheapest mode of transportation for Area
to trains. The construction of railway lines ande this the freighter. Freighter can be used as another
procurement of trains take a long time and have hicalternative solution for inter-island transportatimodes
costs. So in Area 1, trucks can be used as amattee with medium distances.
to trains. Freighter and Roro cannot be recommended The cheapest mode of transportation for Area Bas t
because of the high cost of short-distance tratapon. freighter. If the distance is within the islandgththe

The cheapest mode of transportation for Area Bés ttrain can be used as an alternative other than the
train. The intermediate distance in Area 2 is betw80 freighter.

Area 1 Area 2 Area 3
40 t
| i
| 1 ~
24 1 |
S I I
S I I
x 1
520 :
S 1
= |
81011
o |
|
|
0 T T i T T
ol 500 1000 1 1500 2000 2500
Distance (Km)
—e—Train —e—Truck =—e—Freighter Roro

Figure 2 Linear model for simultaneous modes ofisgortation
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The results of the combined linear models are These results are in accordance with the results of
summarized in Table 3. Each area has a choice other studies [19,32,33]. This is due to the lower
transportation costs from very low to very high.eTh operating costs of trains and trucks compared to
cheapest mode of transportation for short distansesfreighters at short distances [31].
train and truck. The cheapest mode of transporigto Train or truck is used for short distances such as
medium distances is the train and freighter. Treaplest moving goods from factories or warehouses to
mode of transportation for long distances is fredgland transhipment points and from transhipment points to

train. consumers or retailers. Train, freighters, and plares
are used as the main haul depending on needs.
Table 3 Transportation cost options for each area The linear model simulation is carried out in Java
Transportation| Area 1 Area 2 Area 3 because only Java has complete transportation. The
Cost (X<80) | (B0<X < x> distance to the island of Java is less than 1000 km
1344) 1344) (medium distance). Table 4 is a simulation resuiere
Very Low Train Train Freighte the train is the cheapest mode of transportatiod,the
Low Truck Freighte Train freighter is the alternative transportation. Tharircan
High Freighte Truck Truck / be the main haul in multimodal, and freighter i th
Very High Rorc Rorc Roro alternative mode. The result is in accordance \thih

results of the formation of a simultaneous line adel.

Table 4 Delivery of goods simulation

Distance Cost
(Km) Route Track (Million Transportation
Rupiahs)
) Cikarang Dry Port — Tanjung Mas Semarang 2.34 Train
Cikarang
Dry Port— | Cikarang Dry Port — Tanjung Priok Jakarta (transit) 3.78 Train (transit)
481 Tanjung Tanjung Priok Jakarta — Tanjung Mas Semararl)g  ~ Train
Mas
Semarang| Cikarang Dry Port — Tanjung Priok Jakarta (transit) 4.40 Train (transit)
Tanjung Priok Jakarta — Tanjung Mas Semarang Freighter
Cikarang Dry Port — Tanjung Perak Surabaya 2.76 inTra
Cikarang - - : - - -
Dry Port — Clkar_ang Dry Port — Tanjung Pnok Jakarta (transit) 4.6 Train (t.ransn)
753 Tanjung Tanjung Priok Jakarta — Tanjung Perak Surabaya Train
Perak
Surabaya Cikar_ang Dry Port — Tanjung Priok Jakarta (transit) 4.96 Train _(transit)
Tanjung Priok Jakarta — Tanjung Perak Surabaya Freighter
Tanjung Tanjung Priok Jakarta — Tanjung Perak Surabaya 2.76 Train
Priok Tanjung Priok Jakarta — Tanjung Perak Surabaya 4.26  Freighter
Jakarta —
Tgnjunkg Cikarang Dry Port — Tanjung Priok Jakarta (transit) 4.96 Train (transit)
era Tanjung Priok Jakarta — Tanjung Perak Surabaya Train
Surabaya
788
Tanjung Tanjung Perak Surabaya — Tanjung Priok Jakarta 3.06 Train
Perak Tanjung Perak Surabaya — Tanjung Priok Jakarta 4.06  Freighter
Surabaya —|
Tanjung Tanjung Perak Surabaya — Tanjung Mas Semarang . .
Priok (Transit) 4.41 Tral_l?_rgir?]nsu)
Jakarta Tanjung Priok Jakarta — Tanjung Perak Surabaya

SMA (2) and DES prediction methods are used tStatistics Agency from 2007 to 2021 [34]. The figi
predict the number of goods passing through all esodresults for data on the number of goods passirautiir
of transportation in 2025 based on data from theti@é transportation are shown in Figure 3. Figure 3 shthat
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fitting with the DES method produces a graph tsat i4 Conclusions

close to the original data. This prediction is feiged by The multimodal integration model in logistics
the smallest MAPE, MAD, and MSD values in the DESransportation is an effective model for reduciagional
model, as shown in Table 5. logistics costs. Transportation cost options atecsed

based on distance. Short distances are more efficie

=500 1 using trains and trucks as an alternative. Shatadces
2 S 400 - are used for moving goods from factories or warsksu
S % 200 D to transhipment points and from transh|pment poiots
O C ° consumers or retailers. Medium distance is more
E ‘® 200 - > efficient using train and freighter as an altermati_ong
o distances are more efficient using freighter amihtas
3 - 100 ; . -
ES an alternative. Medium and long distances are asehe
< § 0 T T T ) main haul in multimodal. The application of the
= 2005 2010 2015 2020 2025 unimodal to multimodal transportation model carues
Year national logistics costs to 17% in 2025.
==SMA(2) Fitting ===DES Fitting ® Real Data
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MAPE 8.3¢ 9.7t erences ) L
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MSD 4.06x1C* | 9.63x1( performance index-driven policy development: An
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Journal of Manufacturing Science and Technology

The forecast results for the number of goods thasp
through all modes of transportation using the DEShod
in 2025 are 404635322 containers.

The island of Java is the centre of the movement of
goods in Indonesia, especially the Jakarta and East
areas. Jakarta supplies western Indonesia, andJBest

; . ’ . Vol. 5, No. 4, . 309-318, 2012.
supplies eastern Indonesia [35, 36]. The transporta https://doi.org/10.1016j cirgjp2012 09.004
mode used from Jakarta to East Java or vice vesrsaéé] MARLFHA. S - Thé anaI)./sis 6f gedspétial inforricat
dominated by unimodal, namely trucks [37]. Th L . . .
distance between Jakarta and East Java is abolkn800 for validating some numbers of islands in Indonesia

. . . . Indonesian Journal of Geographyol. 49, No. 2,
(medium distance). The number of goods in 2025 is . YRy -
divided into four conditions for travel from Jakarto pp. 204-211, 2017. https://dol.org/10.22146/ijg 427

East Java. The result is that logistics costs deerdo [4] Presiden Republik IndonesiBgeraturan presiden No.

. ) : 26 Tahun 2012: Cetak Biru Pengembangan Sistem
0,
17% of GDP when using trains. It can be seen inerab Logistik Nasional2012. (Original in Indonesia)

6. [5] SUSANTO, P.C., PAHALA, Y., SETYOWATI, T.M.:
: g P Konektivitas Pelayaran Perintis Sebagai BagiareSist
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4 and 10% truc 25.28% pp. 77-86, 2021. (Original in Indonesia)

[71 AMIN, C., MULYATI, H., ANGGRAINI, E.,
KUSUMASTANTO, T.: Impact of maritime logistics
on archipelagic economic development in eastern

~ 358 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 3 Pages: 353-360 ISSN 1339-5629

MULTIMODAL INTEGRATION MODEL FOR REDUCING NATIONAL LOGISTICS COSTS
Megawati Suharsono Putri; Brian Pratistha; Syandi Negara; Ahmad Syafiq Kamil; Amanah Pasaribu

Indonesia,Asian Journal of Shipping and Logistics Engineering. Université de Lillé&rance, 2021.

Vol. 37, No. 2, pp. 157-164, 2021.[20] POMFRET, R.: The Eurasian landbridge:

https://doi.org/10.1016/j.ajsl.2021.01.004 Implications of linking East Asia and Europe by,rai
[8] AZIZ, A., ABIDIN, M.Z.: Reducing emissions and Research in Globalizatignvol. 3, No. December,

logistics costs in Indonesia: An overviewOP pp. 1-6, 2021.

Conference Series: Earth and Environmental Science, https://doi.org/10.1016/j.resglo.2021.100046
Vol. 824, No. 1, 2021. https://doi.org/10.1088/1755[21] LAKSHMI, K., MAHABOOB, B., RAJAIAH, M.,

1315/824/1/012095 NARAYANA, C.: Ordinary least squares estimation
[9] SUMANTRI, Y.: Analyzing the Three Supply Chain of parameters of linear modelJournal of
Flows in the Maritime Logistics and Distribution Mathematical and Computational Scienééol. 11,
Industry,Journal of Distribution Scien¢é&/ol. 18, No. No. 2, pp. 2015-2030, 2021.
12, pp. 45-54, 2020. https://doi.org/10.28919/jmcs/5454.
https://doi.org/10.15722/jds.18.12.202012.45 [22] ANDRADE, C.. The P Value and Statistical
[LO] WORLD BANK, C., et al.: State of Logistics Significance:  Misunderstandings, Explanations,
Indonesia 2013 [Online], Available: Challenges, and Alternativedndian Journal of
http://www.ali.web.id [15 Jun 2022], 2013. Psychological Medicinevol. 41, No. 3, pp. 210-215,

[11] LINGGA, M.A.: Biaya Logistik Indonesia Termahal 2019. https://doi.org/10.4103/1IJPSYM.IJPSYM.
di Asia, Investor Bisa KabuiKompas, 16 October, [23] GELMAN, A., GOODRICH, B., GABRY, J.,

pp. 1, [Online], Available: VEHTARI, A.: R-squared for Bayesian Regression

https://money.kompas.com/read/2019/10/16/203800  Models, American Statistician Vol. 73, No. 3,

526/biaya-logistik-indonesia-termahal-di-asia- pp. 307-309, 2019.

investor-bisa-kabur?page=all [15 Jun 2022], 2019. https://doi.org/10.1080/00031305.2018.1549100

(Original in Indonesia) [24] KV¥LSETH. T.O.: Cautionary note about r2,
[12] NUYANTO, NGAJIAN: Minimalize Dweeling Time American StatisticianVol. 39, No. 4, pp. 279-285,

Dapatkah Menurunkan Biaya Logistik di Pelabuhan 1985.

Seminar Master PPNS, Vol. 1509, 2018. https://doi.org/10.1080/00031305.1985.10479448

[13] PRIADI, A.A.: Optimalization of Smart Technologies[25] DENG, J., WAN, S., WANG, X., TU, E., HUANG,
in Improving Sustainable Maritime Transportatjon X., YANG, J., GONG, C.:Edge-aware graph
IOP Conference Series: Earth and Environmental attention network for ratio of edge-user estimation

Science, Vol. 972, No. 1, pp. 1-12, 2022. mobile networks Proceedings - International
https://doi.org/10.1088/1755-1315/972/1/012084 Conference on Pattern Recognition, pp. 9988-9995,
[14] NONALAYA, EW.C., DEL CASTILLO, S.G.C,, 2020.

HUAMANTICA, 1.S.V.,, RAMOS, W.E.V,, https://doi.org/10.1109/ICPR48806.2021.9412645
BALBUENA, C.V.G.: Analysis of internal logistic [26] ALEXANDER, D.L.J., TROPSHA, A., WINKLER,
cost on exports of peruvian coffee in the perioti®20 D.A.: Beware of R2: Simple, Unambiguous
- 2019,Acta logistica Vol. 8, No. 1, pp. 73-81, 2021. Assessment of the Prediction Accuracy of QSAR and
https://doi.org/10.22306/al.v8i1.206 QSPR ModelsJournal of Chemical Information and

[15] NASUTION, A.R.: Analisis perbandingan moda Modeling Vol. 55, No. 7, pp. 1316-1322, 2015.
angkutan CPO di Provinsi Sumatera Utara https://doi.org/10.1021/acs.jcim.5b00206

Universitas Sumatera Utara, 2020. [27] LIU, G., GU, H., SHEN, X., YOU, D.: Bayesiarohg
[16] FIRDAUSIYAH, N., CHRISDIANI, D.P.: Freight Short-Term Memory Model for Fault Early Warning

shipper's mode choice preference for sustainable of Nuclear Power TurbindEEE AccessVol. 8, pp.

inland transportation IOP Conference Series: Earth 50801-50813, 2020.

and Environmental Science, Vol. 916, No. 1, 2021.  https://doi.org/10.1109/ACCESS.2020.2980244
https://doi.org/10.1088/1755-1315/916/1/012004 [28] SU, Y., CUI, C., QU, H.: Self-Attentive Moving

[17] KNAPCIKOVA, L., KASCAK, P.. Sustainable Average for Time Series PredictionApplied
multimodal and combined transport in the European  Sciences Vol. 12, No. April, pp. 1-12, 2022.
Union, Acta logistica Vol. 6, No. 4, pp. 165-170, https://doi.org/10.3390/app12073602
2019. https://doi.org/10.22306/al.v6i4.144 [29] KHAIRINA, D.M., DANIEL, Y., WIDAGDO, P.P.:

[18] ZHANG, X., SCHRAMM, H.:Eurasian Rail Freight Comparison of double exponential smoothing and
in the One Belt One Road Erg0th Annual Nofoma triple exponential smoothing methods in predicting

Conference:Relevant Logistics and Supply Chain  income of local water companyournal of Physics:
Management Research, pp. 769-798, 2018, [Online], Conference Serie¥ol. 1943, No. 1, pp. 1-10, 2021.
Available: https://www.researchgate.net/publication https://doi.org/10.1088/1742-6596/1943/1/012102
328880505 [15 Jun 2022], 2018. [30] SIDQI, F., SUMITRA, I.D.: Forecasting Product
[19] AHMED, S.: Optimization of goods transport for Selling Using Single Exponential Smoothing and
multimodal logistic platformsAutomatic Control Double Exponential Smoothing Methpd$OP

~ 359 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 3 Pages: 353-360 ISSN 1339-5629

MULTIMODAL INTEGRATION MODEL FOR REDUCING NATIONAL LOGISTICS COSTS
Megawati Suharsono Putri; Brian Pratistha; Syandi Negara; Ahmad Syafiq Kamil; Amanah Pasaribu

Conference  Series: Materials Science and  http://www.bps.go.id [20 Mar 2022], 2022.

Engineering, Vol. 662, No. 3, pp. 6-12, 2019[35] JUNIATI, H., ARIFUDIN, A.R.: Pemetaan

https://doi.org/10.1088/1757-899X/662/3/032031 Pergerakan Komoditas Strategis Di Pulau Jawa,
[31] AREEF, M., RAJESWARI, S., VANI, N., NAIDU, Jurnal Transportasi MultimodaVol. 14, No. 3,

G.M.: Forecasting of onion prices in Bangalore pp. 105-120, 2016. (Original in Indonesia)

market: An application of time series modétajian [36] SIMATUPANG, S.: Pengembangan angkutan laut

Journal of Agricultural Economigsvol. 75, No. 2, Ro-Ro,Warta Penelitian Perhubungaivol. 25, pp.
pp. 217-232, 2020. 113-118, 2013. (Original in Indonesia)

[32] RODRIGUE, J.P., COMTOIS, C., SLACK, BThe [37] ANAS, R., SURBAKTI, M.S., HASTUTY, I.P.An
geography of transport systenmRoutledge Taylor overview of inland freight transportation in Ind@ie
and Francis Group, London and Newyork, 2018. based on vehicle operating codOP Conference

[33] ZHAO, W.: Optimal Fixed Route for Multimodal Series: Earth and Environmental Science, Vol. 1000,
Transportation of Vehicle Logistics in Context affS No. 1, pp. 1-8, 2022. https://doi.org/10.1088/1755-
Time Windows,Scientific ProgrammingVol. 2021, 1315/1000/1/012004
No. July, pp- 1-7, 2021.

https://doi.org/10.1155/2021/2657918
[34] Badan Pusat Statistik, www.bps.go.id, Dat&eview process
Transportasi 2021, [Online], Avalaible: Single-blind peer review process.

~ 360 ~

Copyright © Acta Logistica, www.actalogistica.eu



