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METHODICAL PRINCIPLES OF FORECASTING AIR CARGO FLOWS

Most of the planning transport systems tasks have become operational, they are solved on the basis of
large amounts of available information. The use of traditional methods, including transport tasks, has also
changed significantly. In practice, transport companies are not subject to the freight flows formation, so they
accept ready-made information about them. The amount of initial data for each specific carrier is a random
variable. Parameters of their distribution depend on period to which information relates. Based on it, transport
companies distribute rolling stock to known orders. In each case, using its expected characteristics, they
need a differentiated approach to assessing production situation. Usually, there is such method of evaluation.
Carrier predicts future transport tasks with accuracy that satisfies its ability to quickly situation change, and
then plans routes and distributes existing fleet to them.

Air cargo forecasting is characterized by significant complexity due to extensive airlines network,
presence of a large clientele, small consignments and other factors that are difficult to forecast (e.g., one-time
shipments). Therefore at cargo transportations forecasting the statistical methods based on transportations
dynamics analysis for a number of years, studying of factors defining growth rates, account of perspective
directions to air transport development and economy of serviced gravity areas. At deep enough analysis of
transportations dynamics and revealing of steady tendencies it is possible to use extrapolation methods with
subsequent correction of results on possible transportations conditions change. For example, when changing
preferential conditions of transportation, forecast results should be adjusted. It is also necessary to take
into account changes in airlines structure, cargo flows, aircraft-helicopter fleet, etc. Since extrapolation
results are influenced by past trends, forecast should focus on analyzing and taking into account factors that
determine transportations volume in order to exclude unusual deviations and identify stable trends that will
persist in future.

Therefore, the article investigates principles of forecasting cargo flows for airlines. Main methods and
models of forecasting are considered. Their advantages and disadvantages are identified.

Key words: forecasting, cargo flow, air transportation, transportation volumes, model of forecasting.

Formulation of the problem. Implementation of
effective cargo flow management for the network air
carrier is impossible without high-quality air cargo
flows forecasting. In the conditions of dynamic exter-
nal competitive environment change, fluctuations of
demand in target markets, considerable internal risks
for carrier, creation of universal forecasting bases for
air cargo flows is simply vital.

Analysis of recent research and publications.
Problems of cargo flow management have been
widely studied by Ukrainian leading scientists and
foreign countries. Main scientific researches concern
cargo flows management at multimodal transporta-
tions, researches of forecasting methods applied at
passengers and cargoes transportation on interna-
tional transport corridors, etc. Thus, in the work of
P.G. Tregubova [6], based on theory of managed

networks and queuing networks, developed number
of cargo flow management models, aimed at solv-
ing optimization problems of multimodal transporta-
tion system. In the work of A.A. Zenkin [3] made an
analysis of forecasting methods used in passengers
and goods transportation on international transport
corridors. It is noted that when forecasting freight
transportations volume can be used known methods
of regression analysis, where total transportation vol-
ume is determined depending on forecast volumes of
exports and imports in value terms, as well as on the
basis of time series analysis of accepted goods range.
Researchers did not ignore problems of transportation
management in air transport. In particular, in the work
of V.Yu. Ivannikova, P.O. Yanovsky, S.Yu. Girich [4]
when determining volumes of different cargo catego-
ries in airport cargo flow, it is proposed to use discrete
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function values of posteriori probability distribution
of these volumes from the moments of receipt for
each observation year. A. Koren’s article [5] consid-
ers two forecasting models: forecasting volume of air
transportations on airlines taking into account mac-
roeconomic indicators of the region and forecasting
volume of air transportations on airlines taking into
account macroeconomic indicators of the region and
other similar airports. Regression analysis method
is used to predict passenger air transportation. As
accompanying variables (factors) are used: data on
demand for air transportation, gross regional product,
index of average tariff of transportation and average
per capita population income, growth rate of indica-
tors. Second model introduces additional variables,
in particular taking into account number of people
served by airport who live in area covered by airport.

Asnoted earlier, V.S. Wojciechowski, T.Yu. Gabri-
elova and M.Yu. Grigorak in [2] forecasting is based
on market analysis and historical indicators of cargo
flows. Forecasting itself is one of the block diagram
initial components of phased management of network
carrier’s flight loading. Authors continue scientific
research and define principles of forecasting cargo
flows on airline network.

Formulation of article goals. The main article
goal is to substantiate methods and models of fore-
casting cargo flows in air connection delivery.

Presenting main material. Volumes and direc-
tions substantiation of cargo transportations is carried
out at all stages of forecasting: perspective, current
(annual), operative.

As noted L.A. Yaschenko in [1], when forecast-
ing cargo transportations on individual airlines, data
on transportation of each correspondence for a num-
ber of years are studied and summarized. Forecast of
cargo shipments from airport can be obtained as the
sum of projected shipments by individual airlines.
However, study of airline transportations dynamics
does not always reveal stable trends in the context of
each individual correspondence. Therefore, group or
general models are used to forecast transportations
volume from the airport as a whole, distinguishing
between primary, transfer (regular) and charter trans-
portations. In this case, total amount of cargo ship-
ments from airport

DWW, AW, W, (1)

where W, — volume of primary shipments; W, —

volume of transfer shipments; W,, — volume of char-
ter shipments.

For air cargo transportations are characterized by
the fact that most of them are performed on passenger
aircraft in reloading order. Knowing ratio of passen-
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ger and cargo load and prospective passenger ship-
ments volume, you can forecast cargo shipments vol-
ume for settlement period. This method of forecasting
will give more reliable results than extrapolation of
time series, as it assumes availability of data on pas-
senger transportations volume.

Calculation of possible cargo shipments from air-
port, where most of them are performed in passenger
fleet, can be done by formula

QW=D Wk, )
where Z W, —tonnage of shipments in passenger
fleet; k, , —coefficient that takes into account ratio of
cargo shipments and passenger tonnage; k, — coef-
ficient that takes into account changes in aircraft fleet
structure.
Volume of primary cargo shipments

W, =1, W 3)
where vy, — share of primary shipments in total

and cargo shipments from airport.
Volume of transfer shipments

W, =>W (1-y,) 4)

Equation can be used to determine cargo ship-
ments volume

D W, =a,+alV, (5)

where W, — tonnage of passenger shipments; a,,
a,— equation parameters.

Volume of primary and transfer cargo shipments
is calculated by their share in total shipments. Ratio
between primary and transfer shipments depends
on the amount of arrived transfer cargo and carry-
ing capacity of the fleet. At fixed value of carrying
capacity, increase in arrival of transfer cargo leads
to decrease in primary shipments. Therefore, when
forecasting ratio between shipments types, it is nec-
essary to analyze dynamics of arrival of transfer
cargo and identify reasons for increase or decrease
of this indicator.

If cargo transportations are carried out on passen-
ger and freight fleets, then

Swo W, W, (6)

p.sh

where W

p.sh>
senger and freight fleets.

Z . :Z Ny Gprp +Z N 4G, +
+Z Np'sthrﬂp +Z NC.Sthr.c

where N, ,, N, — air flights of passenger and

cargo aircraft; G, ,, G,.. —average loading of pas-

senger and cargo aircrafts with primary cargoes; G, ,,

W_, — volume of shipments in pas-

c
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G, . — average loading of passenger and cargo air-
crafts by transfer cargoes.

All forecasting methods, which are based on
reported data, have one common disadvantage: they
do not allow identifying the real demand for air cargo
transportations.

To establish the needs of air transportation, it is
necessary to analyze dynamics of presenting cargo
by stable clientele and to conduct research on new
shippers. Possible volumes of transportations can be
established by developing transport and economic
balances and justifying rational air transportations
routes. Since the entire large clientele of air trans-
port can not be covered by balance and route cal-
culations, then choose the largest and most stable
companies-senders and cargo flows of some homo-
geneous cargo (e.g., perishable). The rest of entire
clientele can be grouped by departmental basis
and forecast can be obtained according to relevant
departments. According to clientele, which cannot
be covered by justifications, forecast is made by var-
ious statistical methods. Model of forecasting cargo
shipments by clientele

DWW, W, + W,

new another

+W, ®)

where W, — volume of shipments by clientele of
base period; W, — volume of shipments for new cli-
entele, identified in the economic research process;
W omer — Volume of shipments for another clientele;
W, —volume of transfer cargoes shipments.

Taking into account technical and economic fea-
tures of air transport, scheme of cargo transportations
forecasting includes following stages:

— detailed analysis of cargo transportations
development by directions and types of shipments
(primary and transfer), development method (pas-
senger and cargo fleet), regularity of cargoes arrival
(year-round, seasonal), degree of stability (contrac-
tual, one-time), cargo types;

— economic research organization of air trans-
porting cargoes in the airports gravity areas and indi-
vidual airlines;

— development of transport and economic bal-
ances for certain cargo types and sending enterprises
with justification of rational air transportation direc-
tions;

— substantiation of forecasts variants of air trans-
portations volumes and directions with their further
estimation;

— working-out proposals for air cargo transporta-
tions development.

Structural scheme of economic research and
substantiation of cargo transportations volumes and
directions is given in figure 1.

When forecasting cargo flows, main initial infor-
mation is reporting data on transportation and materi-
als of enterprises (organizations) inspection in order
to identify air transporting goods and their delivery
routes. To more fully account for air cargo transporta-
tions demand, in addition, it is necessary to establish
number of unsatisfied applications for cargo delivery
by air. Therefore, at airports and agencies should be
established accounting of shippers who were denied
transportation, indicating reasons for refusal.

Work on attracting cargo for air transport begins
with drawing up plan-schedule of enterprises inspec-

Drawing up a research program

Collection of reporting data on

transportation

Research of air transporting cargo

Study of unsatisfied demand

Analysis and processing of initial information

Choice of forecasting method

Transport efficiency calculations

Forecasting and substantiation of transportations volumes

Fig. 1. Scheme of economic research and forecasting of cargo flows
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tion and preparation of working documentation: let-
ters, forms, advertising materials, rules of transporta-
tion and tariffs, preferential terms, forms of contracts,
etc. Products nomenclature is studied directly at the
enterprises, its conformity to air transportation con-
ditions is defined: physical and chemical properties,
tare, dimensions and weight of separate places, deliv-
ery conditions, etc. Directions and cargo consignment
are analyzed, actual transportations by other transport
modes are established. Particular attention is paid to
the routes of mixed transportation with transshipment
on the transportation way. In the process of inspection
the terms of production delivery (with involvement of
transport organizations data) and data on production
losses in transportation process are analyzed.

The survey of enterprises is not limited to local air-
port gravity area. Transfer cargo flows and consignees
are subject to study in order to obtain their consent to
air transportation. Analysis and processing of received
materials for inspection of enterprises and statistical
data on departures and arrival of cargoes with subse-
quent performance of necessary technical and economic
calculations is basis for forecast development of pos-
sible air cargo transportations volumes and directions.

On the basis of general theory of economic cycles,
researchers [2] have built factor effects table for dif-
ferent types of forecasting (table 1). Thus, long-term
forecasting will be characterized by general long-
term trends of studied series, which are determined
by technological changes, as well as factors that affect
economic activity, overall market development and
individual carriers. Medium-term forecasting will be
dominated by cyclical factors and seasonal changes.
In short-term forecasting, decisive role should be
given to rapid and adequate response to unpredictable
or difficult-to-predict events in long or medium term.

In the long-term forecast, moving average meth-
ods, trend estimation, statistical data, vector autore-
gression should be used. In medium-term forecast,
methods of averages, seasonal approach, and concept
of Ansoff gaps should be used. At short-term forecast
Delphi method, construction of scenarios, forecast by
analogy, composite forecasts should be used.

First of all, when forecasting cargo flows on air-
lines, principles of sliding forecasting should be imple-
mented, which consist in the use of continuous revision
of previous plan, as well as principles of flexible fore-
casting, which take into account possibility of ambigu-
ous conditions and appropriate revision of plan.

Here are examples of forecasting own transporta-
tion volumes with general positive, as well as with
general negative forecast in market. Let existing air-
line volume in market — 1 000 t/year, total market vol-
ume — 10 000 t/year, i.e. airline owns 10 % of market.
With overall positive forecast of market development
and growth of its volumes by 10 %, the growth of
carrier’s volumes will be 1 000x1.1=1 100 tons. With
forecast to increase airline’s market share by 2 %,
we determine that overall growth of airline trans-
portation due to the increase in market share will be
1 100x1.2=1 320 tons. It also determines change in
airline transportation with negative market forecast,
when market falls by 10 %, airline’s transportation
will decrease by 900 kg/year, but by increasing mar-
ket share by 2 % airline will be able to compensate for
market 1 080 t/year.

Nowadays, during the economic downturn, air
carriers focused on improving their operational effi-
ciency in an effort to stem losses in a very tough
market. Despite all that uncertainty, airlines are lin-
ing up to invest in new aircraft. This level of invest-
ment suggests that carriers will soon encounter some
economic turbulence, as the rate of aircraft delivery
is outpacing projections for near-term growth in the
airfreight market.

COVID-19 pandemic has affected almost all sec-
tors of economy, but air transport has suffered the
most in 2020. However, situation will not improve
soon: International Air Transport Association predicts
that next year the global aviation industry will suffer
multibillion-dollar losses, and will begin to recover
no earlier than the end of 2021.

According to results of 2020, volume of cargo
transportation and mail by air transport of Ukraine
amounted to 88.3 thousand tons (in 2019 — 92.6 thou-
sand tons). Leaders of cargo transportation are ZetA-

Table 1

Factor influence in different forecasting types

Type of forecast Characteristic

Forecasting methods

Long-term
factors influencing economic activity

Long-term trends in technological support,

Moving average method, trend estimation,
statistical data, vector autoregression

Medium-term
changes

Dominance of cyclical factors and seasonal

Method of averages, seasonal approach,
concept of Ansoff gaps

Short-term

Significant impact of unpredictable or difficult-
to-predict events in the long or medium term

Delphi method, construction of scenarios,
forecast by analogy, composite forecasts
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via Airlines, Antonov State Enterprise, Maximus Air-
lines, Ukraine International Airlines, Constanta and
Skype. These airlines performed almost 90 percent of
the total cargo and mail transportations. It should be
noted that most of cargo transportations has tradition-
ally been charter flights to other countries under UN
humanitarian and peace programs, as well as under
contracts and agreements with other customers.

IATA suggests that only in the fourth quarter of
2021 can we talk about restoring profitability of
industry: when aggressive reduction of costs in air-
lines stops, countries will begin to actively open bor-
ders and the flow of cargo will increase significantly.

Ukrainian air industry lost up to 90 traffic during
first decade of corona crisis. When air traffic was par-
tially restored, cargo transportations feels much bet-
ter — their fall was about 20 %, and freight traffic par-
tially offset the loss of passenger traffic. It is difficult
to predict in what condition Ukrainian aviation will
enter next year.

Conclusions. Thus, it was determined that the
conditions of dynamic change of external competi-
tive environment, fluctuations in demand in target
markets, significant internal risks for carrier to create
universal basis for forecasting cargo flows on airlines
is simply vital necessity.

It was established that the process of synthesis
of quantitative and qualitative forecasting methods
should be carried out by implementing universal
algorithms and schemes for forecasting cargo flows.

Basic methods and models of air transportation
volumes are substantiated. On the basis of general
theory of economic cycles table of factor influence at
various forecasting types is resulted. General scheme
of economic researches and forecasting of cargo flows
is realized. As an illustration, examples of forecasting
of own transportations volumes at general positive
and negative forecasts in market, and also statistical
data on situation in Ukrainian cargo air transporta-
tions market are resulted.
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Boaxosceka I'I., Akmanginosa B.€. METOJOJJIOTTYHI MPUHIUIIN ITPOTHO3YBAHHSA

ABIALIMHUX BAHTAKOIIOTOKIB

Binvwicme 3a60anv nianysanHs mpancnOPMHUX CUCMeM HAOYIU ONepamueHo20 Xapakmepy, 60HU
PO38 A3VI0MbCL HA OCHOGI @eauxoi Kinbkocmi OdocmynHoi ingopmayii. 3acmocysanns mpaouyihux
Memooie, 30KpemMa MPAHCHOPMHUX 3A80AHb, MAKONC cymmeso 3minunocs. Ha npaxmuyi mpancnopmmui
KOMNAHIi He € cyb exmamu (PopmMy8aHHs 8AHMANCHUX NOMOKIE, MOMY NPULLMAOMb 20mosy inpopmayiro
npo uux. Kinekicmo 6uxioHux 0anux 051 KOJHCHO20 KOHKPEMHO20 NEePeGi3HUKA € BUNAOKOBOI0 GETUUUHOI.
Hapamempu ix posnodiny 3anexcamv 6i0 nepiody, 00 K020 Haxedcums iHgopmayis. Ha tioco ocnogi
MPAHCNOPMHI KOMIAHTT PO3NOOLIAIOMb PYXOMULL CKAAO 34 8I00MUMU 3AMOBTEHHAMU. Y KOJHCHOMY 8UNAOKY,
BUKOPUCTNOBYIOYU OYIKY8AHI XAPAKMEPUCMUKY, M ROMPIOHO Oughepenyitiosano nioxooumu 00 OYIHKU
8upobHuyoi cumyayii. 3azeuyaii € maxuii memoo oyinxu. Ilepegiznuk nepeddbauac maibymui mpancnopmui
3A60aHHS 3 MOYHICTNIO, SIKA 3A00B0AbHAE 11020 30AMHICb WEUOKO 3MIHIOBAMU CUTTYAYII0, 4 NOMIM NIAHYE
Mapupymu ma po3nooinie Hasa6HUl Napx.

IIpoeno3ysannss  6AHMANCHUX — ABIANEPEGE3CHL  BUPISHAEMbCA  3HAYHOIO  CKIAAOHICMIO, 3YMOGAEHOIO
PO32ANYHCEHOIO MePENCei0 AGIANIHIl, HASAGHICINIO YUCIEHHOI KAIEHMYpU, OPIOHUMU NAPMIsMU 8IONPABOK Md
IHWuUMU haxmopamu, [Ki 8ANCKO NIOO0AIOMbCL NPOSHO3YEAHHIO (HANpuKkiao, pasosi sionpasxu). Tomy nio
YAC NPOSHO3YBAHHS 6AHMANCHUX NEPEe3eHb 3HAX00SIMb 3ACMOCY8ANH CMAMUCMUYHT MemOoOU, OCHOBAHI
HA aHanizi OUHAMIKU Nepese3eHb 3a HU3KY POKIG, GUBUEHHI (hakmopis, wo GU3HAUAIOMb MEeMNU 3POCHAHHS,
0071IKY NepCHeKmMUSHUX HanpsIMie po36UMKY NOGIMPAHO20 MPAHCHOPMY Ul eKOHOMIKU 00CTY208Y8AHUX PAUOHI8
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msicinua. 3a documsv 21ubOOK020 ananizy OUHAMIKU Nepese3eHb | BUABNLEHHA CMIUKUX MeHOeHYIU MOJCHA
BUKOPUCTOBY AU MEMOOU eKCIMPANOAAYIT 3 NOOATLULOIO KOPEKYIEIO Pe3yibmamie Ha MOJNCIUBY 3MIHY YMO8
nepegesetv. Hanpuknao, nio uac sminuninbeo8ux ymMog nepege3eHb 6apmo CKOPeKnty8amu pe3yivmamunpocHo3y.
Heobxiono maxooic 8paxogyeamu 3miHu @ CIpYKmMypi agianiniti, 6aHmMaiconomoxis, 1imaxo-6epmonimuo2o
napxy ma it. OCcKilbKu Ha OMPUMAHT eKCMPANONAYIEIO Pe3yibmamu GNauearomy MUH)Ii meHoeHyii, mo 0CHO8HY
yeazy nio uac npocHo3y8anHs NOGUHHO OYmu NPUOILEeHO aHANI3Y Ma 8PAXYBaHHIO PAKMOPIE, WO BU3HAUATOMb
obcsicu nepese3ens i3 Memolo UNYYeHHs HeXapaKkmepHUux 6iOXuneHs i 6CMaHoBIeH s, CIMIUKUX MeHOeHYil, AKi
30epicamumymvcs 8 MAuOYmMHbOM).

Tomy cmamms O00CHiONCYE NPUHYUNU NPOSHO3YE6AHHS BAHMAMICONOMOKI6 OnA asianinin. Posenanymo
OCHOGHI MEMOoOU ma Mooeli Npo2Ho3y6aHHs. Busnaueno ixui nepesacu ma xubu.

Kniouoei cnoea: npoenosyeanus, 6aHmas)conomik, asiayilini nepegesenns, oocsa2u nepesesensb, Mooelb
NPOSHO3Y6AHHAL.
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