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ANALYSIS OF MATHEMATICAL MODELS OF MARITIME
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The maritime shipping sector has a considerable influence in socioeconomic development and
investment potential of governments. Graphs of maritime shipping growth trends show a considerable decline
related to the global economic crisis of 2008-2009, and the picture after the ongoing COVID crisis shows very
similar figures. This shows that although maritime shipping overall has a positive growth outlook, there is an
uncertainty regarding the stability of economical growth and related consequences for the maritime shipping
sector. This uncertainty first of all is due to geopolitical and economic risks from trade politics and structural
shifts, such as economics rebalancing in China, the decline in growth of global production-supply chains,
changes in the global energetic balance, and the ongoing crisis. Also contributing to this is the emergence of
new tendencies, in particular the spread of digital technologies which may change the face of maritime shipping
as well as the streams and patterns of maritime shipping. It is still unclear how these factors would develop and
how they would support or restrict the growth in maritime shipping. Even so, the long-term outlook for global
container shipping volumes remains positive. Still, it is evident that further monitoring and evaluation is
required. In this case, a closer look at the maritime shipping dynamics across various cargo types allows for a
clearer picture of how maritime shipping can continue to develop. To that end, based on statistics on various
maritime cargo shipments, we have performed a regression-correlation analysis and received linear regression
equations which describe shipping trends of chemical products, liquids, container shipments, and other cargo
types. The regression analysis is based on statistics from 2000-2018, so the forecast for the following years is
done with the assumption that the same conditions persist. Recent events (the COVID-19 pandemic and the
global crisis it caused) are force-majeure conditions, which would ultimately disrupt the forecast. Forecasting in
this regard can be resumed when factual values for the decline in 2020-2021 would be made known.
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0O.J1. ALPAMOB
XepcoHncbkuii Hamionanbanii TexHiYHUE YHIBEpCUTET
I'.C. ABPAMOB

XepcoHcbka JlepxaBHa Mopcbka Akagemis

AHAJII3 MATEMATUYHUX MOJIEJIEM TPEHIIB MOPCBKHX
BAHTAKOIIEPEBE3EHD Y KPU30BUX YMOBAX

Coepa mopcokux nepegesenv 3HAUHO GNAUBAE HA COYIANbHO-EKOHOMIYHUL PO3GUMOK i IHBeCUYItiHULL
nomenyian depoicas. Ha epaghixax mpenoie pocmy anmasiconepesesetb Yimko NOMImHull cnao, noe's3anutl 3i
c8imosor exonomiunoro kpusorw 2008-2009 poky, i nomouna xpuza y 38'si3ky 3 COVID mae Odyoce cxooxuci
noxasnuku. Ile 2osopumev npo me, w0, X0ua nNePCNEeKMueU PO36UMKY MOPCLKUX Nepege3eHb ) YLIoMY
npeoCcmasiAomvbCa NOUMUBHUMU, ICHYE HEBU3HAUEHICMb 8IOHOCHO CMIUKOCMI eKOHOMIUHO20 NOXNCBABLEHHA U
nog'si3anux i3 yum HAcliOKi6 01 CEeKmopy MOPCbKUX nepege3eHv. Taka HeGu3HaueHiCmb 3HAYHON MIpOI0
00yMo81eHa KOMOIHAYIEIO 2e0NOIMUYHUX | eKOHOMIYHUX PUSUKIB, MOP2O8EbHOI0 NOLIMUKOIO 1l CIMPYKMYPHUMU
3PYUEHHAMY, MAKUMU AK Nepedanancysants exonomixu Kumato, ynoginbnenns pocmy 2n00anvHux eupooHU4o-
30YmMOGUX NAHYIOIICKIE, 3MIHU Y CBIMOGOMY eHepeemuyHOMY bananci i nomouna kpusa. Llvomy cnpuse makodic
nos6a HOBUX MeHOeHYill, 30KpeMa NOWUPEHHA YUPPOBUX MEXHON02T, AKI MONCYMb 3MIHUMU 8ULTIAD CEIMO0B8020
CYOHONAABCMEA, NOMOKU U CXeMU MOPCbKUX nepegesenv. Ak I pawiwe, Hesicno, ax yi gaxmopu 6y0ymb
po3ssusamucs i y AKomy cmeneni 80Hu Oy0yms niompumysamu abo CmpumMyeamu npoyec NOACEAGIEHHI POCMY
Mopcokux nepesesensb. Ouesuono, wo GOHU NOMPeOYIOMb NOOAILUO20 MOHIMOpUHEY U oyinky. OOHak Ginvu
VBAJCHUTL AHANI3 OUHAMIKU MOPCLKUX Nepese3eHb N0 OKPeMUX GUOAX 8AHMAIICIE 00360.1€ 0depicamu Dbl
YimKy yaey npo 3MiHu 6 iXHill inmencuenocmi. [ yb020 HA OCHOBI CIAMUCIMUKU NO 8AHMANCO00I2Y OKpeMUX
8UOI8 MOPCLKUX BAHMANCIE NPOBEOCHULl pPecpecCiliHO-KOPeNAYIUHULL aHANI3 | OMPUMAHI DIGHAHHS JIHIHUX
peepeciti, w0 ONUCYIOMb MPEeHOU 3POCMAHHA BAHMANCO00I2Y XIMIUHUX NPOOYKMIB, HANUBHUX BAHMANICIS,
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KOHMelHepHUX nepeseseHd I IHWUX munie eawmaoicie. Ananiz 6azyemocs na cmamucmuyi 2000-2018 pocxis,
MOMY NpOZHO3 HA HACMYNHI POKU GUKOHAHUU 3 NpUnyujeHHsam 36epedicenns ymoe uozo peanizayii. I1o0ii
ocmannbozo yacy (nanoemia COVID-19 i obymoenena Hero c8imoga eKoHOMIUHA Kpu3a) € opc-maxcopHumu
obcmasunamu, wo, NPUPOOHo, ROPYUIUMsb NPocHo3. 1IpocHos y yvomy eunaoxy modice 6ymu 8iOHO8IEHUN, KOIU
6ydymo eioomi paxmuuni 06'emu cnady ¢ 2020-2021 poxax.

Kniouoei crosa: mopcoki nepeseseniis, mamemamuune MOOETIO8AHHA, CIMAMUCIMUKA, NPOSHO3U.

A.JI. AbLPAMOB

Xepconckuilt HanmonanbHelil Texuuueckuid Y HUBEPCUTET

I'.C. AbBPAMOB

Xepconckas ['ocynapctsennas Mopckas AxkageMus

AHAJIN3 MATEMATHYECKHAX MOJEJIEM TPEHJIOB MOPCKHX
I'PY3O0IIEPEBO3OK B KPU3UCHbBIX YCJIOBUAX

Cepa mopckux nepeso3ox 3HAUUMENbHO 6030€UCMEYem HA COUUATbHO-IKOHOMUYECKOE pa3gumue u
UHBECMUYUOHHBLIL nomeHyuan eocyoapcms. Ha epagpuxax mpenoos pocma epy3onepeso3ox omyemiuso 6UoeH
3aMemHblil Cnao, CéA3aHHbIU C MUPOBLIM IKOHOMUYecKuM Kpusucom 2008-2009 zo0a, u mexywuti Kpusuc 6 césasu
¢ COVID umeem ouenv noxoogicue noxasamenu. Imo 2060pum O MOM, YMO, XOMs NePCHEeKMUBbl Pa36UmMUsL
MOPCKUX NEPEe6O30K 6 YeIOM NPedCmAaBaomcs NOZUMUSHbIMY, CYUeCm8yem HeOnpedeieHHOCMb 8 OMHOWEHUU
VCMOUYUBOCU IKOHOMUYECKO20 ONCUBLEHUSL U CEA3AHHBIX C 9MUX NOCIeOCMBUL O CEKmopa MOPCKUX
nepeeoszok. Taxas neonpedeneHHOCMb 8 3HAYUMENbHOU Mepe 00YCL08NIeHA COYeMAHUEM 2eONONUMUYEcKUx U
IKOHOMUUECKUX PUCKO8, NPOBOOUMOU MOP206Ol NOIUMUKOU U CMPYKMYPHLIMU COBUSAMU, MAKUMU KAK
nepebanancuposka sxonomuxu Kumas, 3ameonenue pocma 21006anbHblX NPOU3600CMEEHHO-CObIMOBbIX YENOUEK,
UBMEHEHUs. 8 MUPOBOM IHEP2eMUUeCKOM Oanance u meKyuuil Kpusuc. Jmomy cnocoocmesyem makxaice nosseieHue
HOBbIX MEHOCHYUU, 8 YACMHOCMU, PACHPOCMpPAHeHUe YUPPOBGLIX MEXHON02Ul, KOMOpble MO2Ym USMEHUMb
007IUK MUPOBO2O CYOOXOOCMBA, NOMOKU U CXeMbl MOPCKUX Nepeo3ok. Illo-npedchemy HescHO, Kak smu
Gaxkmopel 6y0ym pazeusamuvcsa U 8 KAKoU cmeneHu OHu OYyO0ym noooepicusams Uil cOepicusams npoyecc
OJCUBTEHUSL POCMA MOPCKUX nepe6o3ok. Ouesuono, umo ouu nompebylom OaibHeluezo MOHUMOpUHea u
oyenxu. QOHaxo 6olee NPUCMATLHBII AHATU3 OUHAMUKU MOPCKUX NEPeBO30K N0 OMOENbHbIM GUOAM 2PY308
noseonsiem noayuums 6ojiee uyemkoe npeocmagienue 00 USMEHEHUsIX 8 UX UHMEHCUSHOCmU. [l 9mo2o Ha
OCHOBe CMAMUCMUKU no 2py30000pomy OMOeIbHbIX U008 MOPCKUX 2PY308 NPOBEOEH pecpecCUOHHO-
KOPPETSAYUOHHBINL AHANU3 U NOJYYEHbl VPAGHEHUsl JUHEUHbIX pecpeccuil, ONUCLIBAIOWUX MPEeHObl POCmd
2pY30000pOMa XUMUYECKUX NPOOYKMOS, HAUGHLIX 2PY308, KOHMEUHEPHbIX NePeBo30K U OpPYyeUx munos cpy3o8.
Ananuz ocnosan na cmamucmuxe 2000-2018 20006, nosmomy npoenos Ha nociedyiowue 200bl GbINOIHEH 8
npeononodiceHuy coxpanerus yciogui e2o peanusayuu. Cobvimus nocieonezo spemenu (nandemus COVID-19 u
00YCIO6NIEHHbIIL €10 MUPOBOU IKOHOMUYECKUTL KPUSUC) AGTSIOMCS (DOPC-MANCOPHBIMU 0OCMOSIMENTbCMEAMU, YMO,
ecmecmeeHHo, Hapyuwum npo2ho3. IIpoenos 6 smom ciyuae modicem Ovlms 60300H0G/EH, K020a 6YOYm U36ECTHbL
Gaxmuyeckue odwvemsl cnaoa 6 2020-2021 eodax.

Kniouegvie cnosa: mopckue nepegosku, MamemMamuieckoe MoOeIUposanue, Cmamucmukd, nPOcHO3bL.

Problem statement
With multiple factors heavily affecting the volatility of the global market, not least
among them the COVID-19 pandemic, there is a great deal of uncertainty as to the impact
said factors will have on maritime shipping, with over 80% of global transportation hinging
on naval transport. To set appropriate expectations and enable future planning, analysis and
forecasting must be performed to predict the situation that is developing.

Analysis of latest research and publications

Analyses by the UNCTAD (United Nations Conference on Trade and Development)
show consistent growth of global maritime shipping, which will depend on further
improvement of global economical conditions [1]. Also, graphs of maritime shipping growth
trends show a considerable decline related to the global economic crisis of 2008-2009, and the
picture after the ongoing COVID crisis shows very similar figures. This shows that although
maritime shipping overall has a positive growth outlook, there is an uncertainty regarding the
stability of economical growth and related consequences for the maritime shipping sector.
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This uncertainty first of all is due to geopolitical and economic risks from trade politics and
structural shifts, such as economics rebalancing in China, the decline in growth of global
production-supply chains, changes in the global energetic balance, and the ongoing crisis.
Also contributing to this is the emergence of new tendencies, in particular the spread of digital
technologies which may change the face of maritime shipping as well as the streams and
patterns of maritime shipping. It is still unclear how these factors would develop and how
they would support or restrict the growth in maritime shipping. It is evident that further
monitoring and evaluation is required. However, a closer look at the maritime shipping
dynamics across various cargo types allows for a clearer picture of the scale of such growth.

The goal of this work
The goal is to analyze developments in maritime shipping and build mathematical
models based on the statistical data in [1], [2], which would describe the growth of maritime
shipping and provide forecasts (in bln ton-miles and percent) for throughput of each
individual cargo type.

Main section

The maritime shipping sector has a considerable influence in socioeconomic
development and investment potential of governments. Acting as a global resource
distribution complex, international shipping connects manufacturing capacities to
international consumer markets [4, 5]. Despite the COVID crisis, the global economy keeps
striving to recover and gradually diversify shipping streams. The largest throughput in the
Pacific is seen in the North American consumer markets, importing mainly high added-value
good. Raw material exports into Asian countries also balances out the tonnage. Under the
volatile demand conditions, cargo streams in other regions are expecting only minor growth
after the recession. Even so, the long-term outlook for global container shipping volumes
remains positive.

The global tendencies that continue to definite the dynamics in container shipping is
the volatility in consumer demand and the excess supply of line shipping as a product. These
tendencies are the result of the continued growth of the line shipping fleet. In just February of
2017, container line shipping was being handled by over 6.000 vessels with a capacity of
255.480.383 tons which translates into 20.650.250 TEU, including 5.108 specialised vessels
reserved for ISO-containerised cargo.

The largest container ship at the time had been OOCL Hong Kong, its 21.000+ TEU
capacity considered to be almost at the limit of what could be possible, as it approached the
capacity of the Suez Canal. Despite the safety concerns about the continuing size race among
container vessels, several even larger container ships have entered service since then,
including HMM Algeciras, the current largest container ship with a capacity of 23.964 TEU.
The aforementioned safety concerns were not unfounded, given the infamous Suez Canal
incident with the vessel Ever Given at its 20.124 TEU.

UNCTAD's review points out that in 2017 growth rates in maritime shipping went up
and reached 4%, which is the highest rate in the last five years [1]. Thanks to the
revitalization of the global economy and expansion of international trade, the volume of
global maritime shipping has reached an estimate 10.7 billion tons, wherein almost half of
said growth is owed to dry bulks and container shipments. After low growth rates over the
previous two years, the volume of container shipping has increased in 2017 by 6.4%. At the
same time, dry bulk shipping has grown by 4% compared to the 1.7% in 2016. Raw oil
shipping has grown by 2.4% compared to the 4% of 2016, whereas oil product and gas
shipments have grown by a 3.9% [3].
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Although many of these same trends have persisted over the years, the picture changed
dramatically for the short term in 2020. With 2019 showing some of the lowest performance
indicators since the 2008-2009 crisis already, the COVID pandemic in 2020 has severely
impacted the global economy, and inevitably that impact was shared by the maritime shipping
industry. Facing a decline of roughly 4% in volume, recent UNCTAD projections point to a
recovery of 4.8% in the following year, although whether or not these figures would hold
depends on a plethoora of factors that can significantly impact the actual figure.

Further shaping the maritime shipping dynamics are the trade tensions between major
global economies, with uncertainty in regard to policies, and overall trends towards trade
protectionism noot only in the US but also in Europe. Although several steps have been made
in 2020 to remedy these tensions to a certain degree (trade talks between the US and China, as
well as between the UK and the European Union), their effectiveness remains to be seen.
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Fig. 1. Maritime shipping throughput divided by cargo types, 2000-2018 (bln ton-miles) [1]

Based on Clarksons Research statistics on various maritime cargo shipments in 2000-
2018, we have performed a regression-correlation analysis and received linear regression

equations which describe shipping trends of chemical products, liquids, container shipments,
and other cargo types.

For chemical products:
Y, = (549.2 +9.3) + (28.777 £ 0.885)X; R> = 0.984; ¢ = 21.1. (1)
For natural gas:
Y, = (477.8 + 29.8) + (65.851 + 2.825)X; R? = 0.970; ¢ = 67.4. )

For oil:
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Y; = (9207.7 + 180.5) + (215.95 + 17.13)X; R? = 0.903; o = 408.9.
For container shipments:

Y, = (3177.1 £ 119.0) + (351.59 + 11.29)X; R* = 0.983; 0 = 269.6.
For mainline dry bulks:

Ys = (5591.8 + 194.3) + (678.37 + 18.44)X; R* = 0.988; 0 = 440.4.
For other dry shipments:

Ye = (6374.0 £ 222.1) + (291.05 + 21.08)X; R* = 0.918; 0 = 503.4.
For the overall shipments:

Y, = (25377.7 £ 500.3) + (1631.6 + 47.5)X; R*> = 0.986; 0 = 1133.8,

where R? is the determination coefficient,
o — standard deviation (standard error),
X = current year - 2000.

Regression formulae display standard errors for coefficients.

€)

(4)

()

(6)

(7)

Each model has a high rate of adequacy, as the determination coefficient is close to 1,
and have a comparatively low standard error for the regression, which ensures an acceptable

accuracy of the estimation.

The regression models received allow for an evaluation of the yearly growth in the

throughput of corresponding cargo type (pessimistic and optimistic estimates):
for chemicals, 27.9 to 29.7 bln ton-miles;
for natural gas, 63 to 68.7 bln ton-miles;
for crude oil, 198.8 to 233.1 bln ton-miles;
for container shipments, 340.3 to 362.9 bln ton-miles;
for mainline dry bulks, 659.9 to 696.81 bln ton-miles;
for other dry shipments, 270 to 312.1 bln ton-miles;
for overall volume of shipments, 1584.1 to 1679.1 bln ton-miles.
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Fig. 2. Linear regressions of chemical, natural gas, and oil shipment growth, 2000-2018 (bln ton-miles)
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Based on the models received we can also perform forecasting (extrapolation) for
volumes of maritime shipments in the following years. The corresponding estimates show that
for the period of 2019-2023, shipment volumes in the following cargo types would grow to
the following rates:

for chemicals, 2.4%-2.6%;

for natural gas, 3.4%-3.8%;

for crude oil, 1.5%-1.6%:;

for container shipments, 3.2%-3.6%;

for mainline dry bulks, 3.3%-3.7%;

for other dry shipments, 2.3%-2.4%;

for overall volume of shipments, 2.7%-2.9%.

Conclusions

Based on the models above, throughout 2019-2023 the total average growth rates for
global maritime shipping will be between 1.5% and 3.8%. The shipment volume is expected
to rise across all sectors, with the biggest growths in container and dry bulk shipments.
Shipments of liquids are also expected to grow, albeit slower than other market segments,
which agrees with the tendencies seen earlier.

The above regression analysis is based on statistics from 2000-2018, so the forecast
for the following years is done with the assumption that the same conditions persist. Recent
events (the COVID-19 pandemic and the global crisis it caused) are force-majeure conditions,
which would ultimately disrupt the forecast.

However, analysis of the events following the economic crisis of 2008-2009 shows
that after a break in the curve (a more or less sharp decline) the growth in maritime shipment
resumes at almost the same rate.

Thus, after an inevitable decline in maritime shipping in 2020-2021, there is hope for
its continued growth at the rates previously seen. Forecasting in this regard can be resumed
when factual values for the decline in 2020-2021 would be made known.
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