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ABSTRAC The purpose of the study is to create a more accurate material flow forecasting model of Xi'an freight railway

station in China. The combined forecasting model is more validated for forecasting freight flows of regional
logistics compared to three methods: grey forecasting, Markov chains, entropy weighting. Through the creation of the combined
model, the grey forecasting method is combined with Markov chain correction, and the projected data is compared with the
actual data to obtain higher accuracy of the forecasting model.

A combined model using the grey forecasting method combined with Markov chain correction is created, with the forecast
data compared with the actual data to obtain high accuracy of the forecasting model.

The practical significance is that in the context of the present post-pandemic economic development, the logistics enterprises
that do not operate in accordance with the modern logistics methods may be displaced by competitors. If the railway does not
improve its logistics infrastructure, logistics equipment, railway logistics network platform, etc., it will lose out to other modes of
transport. In order to meet the needs of logistics and improve the market competitiveness, the main indicator of a freight station
is loading and logistics flow. Therefore, exact prediction of future changes in the logistics flow of a freight station can help to
determine whether the station needs to be upgraded as a railway station or transformed into a certain type of a logistics centre.
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AH HOTA Mﬂ Llenb uccnenoBanus — cosgaHue 6onee TO4YHOWM Mofeny NPOrHO3MPOBAHUS MAaTepPUasbHbIX MOTOKOB rpy-
30BOW XKeNne3Ho[0pOXHOM cTaHummn CuaHb B Kutae.

KOM6MHMpOBaHHaﬂ MOAeNlb NPOrHO3UPOBaAHUA ABNAETCA 6onee 060CHOBaHHOM B NPOrHO03npoBaHUKM rpy30N0OTOKOB peErMoHasb-
HOW NOrUCTMKM NO CpaBHEHUIO C TpEMA METOAAMMU: CEPOrO MPOrHO3MpPoOBaHMA, uenen MapKoaa, B3BELWMBAHUA SHTPOMUN. Bnaro,u,apﬂ
CO34aHMI0 KOM6VIHI4POBaHHOI;'1 Mo4enn MeTond NporHo03npoBaHUA CeEpPOro coYeTaeTca C KoppeKumeH uenun MapKOBa,a NpOrHo3unpy-
€Mbl€ AaHHble CPaBHUBAKTCA C dJaKTMLIeCKMMM OaHHbIMU, 4TOObI nonyymnTb bonee BbICOKYH TOYHOCTb MOAENN MPOrHO3UPOBaHUA.

Co3paHa KOM6VIHVIpOBaHHaﬂ mMoAenb C UCNonb3oBaHMEM MeToAa NMPOrHO3NMpPoOBaHUA CEPOro B COYETAaHUU C KOPPEKLLMEIZ ue-
nem MapKoaa, npu 3TOM NPOrHO3npyeMble AaHHbIE CPABHMUBAKOTCA C d)aKTl/I"IeCKMMVI AaHHbIMKU ONa NOny4YeHUa BbICOKOM TOYHOCTH
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MoLeNnn NporHo3npoBaHUA. npaKTVIHGCKaﬂ 3Ha4YMMOCTb — B YC/IOBUAX COBPEMEHHOIO NnocTnaHAEMUINHOIO 3KOHOMMUYECKOrO pas-
BUTUA NOTUCTUYECKME NPpEeanpUATHUa, KOTopble He paﬁOTalOT B COOTBETCTBUU C COBPEMEHHbIMK METOAAMU NOTUCTUKKU, MOTYT ObITb
BbITECHEHbI KOHKYPEHTaMU.

Ecnu xxenesHas A0pora He ycoBeplweHCTBYEeT NOrMCTUYECKYH MchpaCprKTypy, norncTtuyeckoe O60py,EI,OBaHIAe, nnachopMy
)KEJ'IEBHO,EI,ODO)KHOH JIOTUCTUYECKOM CETU U T.4., OHA npourpaeT KOHKYPEHTHYHO 60pb6y APYyrvM BUOAM TpaHCNopTa. Ons yooBnet-
BOpeHUa I'IOTpeGHOCTeVI JNOTUCTUKU U, TAKUM 06p330M, noBbIWEeHNA prHOHHOVI KOHKypeHTOCI’IOCOGHOCTVI, OCHOBHbIM NOKa3aTeNneM
pr3OBOI71 CTaHUUU ABNAETCA NOrpy3Ka um JIOTUCTUYECKMI NOTOK. |-|03TOMy TOYHOE NPOrH03MpoBaHue 6y,ﬂ,yI.IJ,MX U3MEHEHW B N10TU-
CTUYECKOM NOoTOoKe FDVBOBOVI CTaHUMU MOXKET NO3BOJINTb ONpeaeneHuto, Hy>KaaeTca M CTaHuua B MOAEPHU3ALUN, KaK XKETe3HO-
A0pPOXXHaa CTaHUUA, UNn I'Ip806PEBOBaHVIl/I B OI'Ipe,D.eﬂeHHbIVI TUN NOrNMCTUYECKOro LEeHTpa.
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[na umtuposauua: Ban XanuHs, Koposskosckuli E.K. [porHo3MpoBaHne MaTepuanbHbiX MOTOKOB COBPEMEHHbIX TOrMCTUYECKMX
LLeHTPOB KeIe3HOL0POXKHbIX FPY30BbIX CTaHUMI Ha npuMepe CuaHs (Kutaickas HapogHasa Pecnybnuka) // Tpancnopt BPUKC.
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INTRODUCTION

With the continuous process of increasing the com-
plexity of forecasting models and improving algorithm
technology, the accuracy of forecasting various eco-
nomic indicators has also undergone great changes.
Most forecasting methods are currently based on the
input data to create a forecasting model with high ac-
curacy according to time series, and the maximum
goodness of fit can be achieved by repeated use of the
model, which ensures the accuracy of forecasting re-
sults. Logistics flow forecasting is mainly organised
chronologically based on the actual logistics flow over
a period of time to establish a mathematical model that
fits the actual distribution law of the random variable.
The single modelling approach has limitations for cer-
tain situations, while the creation and use of the model
also has certain limitations; therefore, to improve the
accuracy of the forecast, it is necessary to compensate
for the shortcomings of the single model by creating
highly specialised models.

Forecasting of transport and logistics indicators and
an attempt to prove the prospectivity and validity of
applying artificial neural networks (ANN) compared to
other forecasting methods are presented in [1, 2]. Fore-
casting freight traffic in the traditional way is exponen-
tial smoothing, least squares analysis, time series and
other methods. However, obtaining reliable forecasting
results, even for short-term periods, is quite complicat-
ed for such difficult to forecast and dynamically chang-
ing indicators as the volume of transportations of pro-
duction, trade, transit or other cargoes, because flows
are heterogeneous in time and space; therefore, this
requires their easily accessible validation which can be
carried out indirectly by several methods of compari-
son of forecasting results [3, 4]. Even in this case, direct
validation may be only considered to be comparison
of formulated forecasts combined with actual data
which are only obtained at the end of the preparation
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period [4, 5]. Therefore, the decision was made to use
two methods for forecasting, one of them being the ex-
ponential smoothing method, and the other being the
grey forecasting method with Markov chain correction
not so often used for traffic volumes forecasting.

PROBLEM OF TRANSFORMATION OF RAILWAY
FREIGHT STATIONS

Definition of a railway logistics centre

A railway logistics centre is usually an element of a
transport hub of a large agglomeration, has full infor-
mation support, carries out logistics activities for the
economy and society and performs such functions as
providing logistics services, has sufficient storage ca-
pacity, throughput and processing capacity [6].

Analysis of the issues of transforming freight railway
stations into modern logistics centres

At present, the number of railway freight stations in
China is huge, and the scope, location and main func-
tions of freight stations are not uniform. If the trans-
formation and modernisation is carried out without a
prior comprehensive analysis, it will be both impossi-
ble to develop modern logistics and may lead to waste
of resources. Based on the analysis of some informa-
tion sources and relevant literature on freight stations
and railway logistics centres and with account of the
key factors, it is outlined that the railway freight sta-
tion turns into a modern logistics centre that adapts to
various functional services.

The railway freight station is an important railway
network junction. This junction has a certain coverage.
Therefore, this attribute should be used as one of the
elements of transformation analysis [7]. The factors un-
der study are large volume of commercial operations,
large freight flows and large-scale industrial parks,
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presence of large industrial units within the radius,
with the decision on the possibility of transformation
made based on the analysis of these factors.

Geographical features

Railway freight stations and railway transport lines
form the railway transport network. The development
of railway freight hubs and the development of regional
cities go together. However, when they develop in an
uncoordinated manner, freight stations become a signif-
icant obstacle to urban development. Due to the scarcity
of land resources, freight stations may also be relocated
to urban fringes in the urban development process.

At present, the central freight yards in many cities
are gradually reducing their freight business and shift-
ing their main business to urban fringes [8]. Therefore,
when selecting a freight station for transformation, it
is necessary to consider the geographical position of
the existing freight station, and for modernisation, a
freight station with expansion and construction capa-
bilities should be selected, so that the newly built rail-
way logistics park should further promote the develop-
ment of urban economy. This both promotes the expan-
sion of the city size and facilitates the development of
the railway logistics centre.

by Xi‘an (the People’s Republic of China)

Scale conditions

A modern railway logistics centre should have
complete logistics equipment in terms of scale,
and can provide basic logistics services, such as
co-storage, handling, distribution; therefore, the
choice of transformation usually involves selection
of a freight yard with a relatively large freight han-
dling volume [9]. At the same time, other auxiliary
transport functions of the freight yard should also
be relatively complete, while its area, existing scale
and operating yard should meet certain conditions,
and the freight yard should have a certain reserved
space [10].

Problems of station allocation and coordination in large
agglomerations

Given the current development of modern logis-
tics, there still are various ungrounded problems in
its planning. Take Xi’an railway junction as an exam-
ple. This area has 16 freight stations with large an-
nual traffic volume. The decentralised structure of
small freight stations does not allow for economies of
scale, and it is difficult to change to meet the market
requirements (Fig. 1).
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Fig. 1. Distribution scheme of freight railway stations in Xi'an agglomeration area
(URL: https://shidian.baike.com/wikiid/86385658282055880?anchor=2)
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Fig. 2. Xi'an East Railway Station (URL: https://m.thepaper.cn/baijiahao_20513940)

The development of Dongcheng high-speed railway
area relies on the Xi’an East Station Transport Hub,
which is connected to the core area in east Xi’an, but
also enhances the business development in central
Xi’an through industrial upgrading, space renovation,
infrastructure improvement and environmental im-
provement. Fig. 2 shows the design of Xi’an East Sta-
tion Hub.

Xi’an East Railway Station will become a large-scale
integrated transport hub combining high-speed rail-
way, conventional railway, intercity transport, under-
ground and public transport. Once its reconstruction
is completed and put into operation, the annual pas-
senger traffic is expected to reach 36.5 million people.
This will improve the urban transport capacity and
directly contribute to the economic development of
eastern Xi’an.

FORECASTING TECHNOLOGY
FOR TRANSFORMING RAILWAY FREIGHT YARDS
INTO MODERN LOGISTICS CENTRES

Transformation of railway freight yards into mod-
ern logistics centres has become a key task for the de-
velopment of modern logistics in the railway transport
industry. The necessity and feasibility of modernisa-
tion were analysed previously, and an important factor
driving the conversion is the change in freight volumes
and modernisation of transport functions; therefore, it
is necessary to forecast the volumes of freight handled
at terminals [11].

A grey combination forecasting method based on
Markov chain correction with entropy is proposed,
with the accuracy of the forecasting method verified
by comparing the relevant data.

Overview of forecasting methods
The key forecasting methods include the field

method, market research method and brainstorming
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method; quantitative forecasting is mainly based on
the correlation of things and time and is divided into
causal forecasting and time series forecasting due to
the many correlations affecting the development of
events and the difficulty of determining the correla-
tions, with the time series being the main parameter
in forecasting [12].

The freight flow is a combination of several data,
which mainly includes the superposition of transpor-
tation, storage and distribution demand data. But in
practice, there is still no clear definition of the freight
flow; so in this paper, we will define the freight flow
as a simple superposition of freight volume, storage,
distribution and processing, due to the transformation
and upgrading of railway freight yards into modern
logistics centres The function expansion is also mainly
focused on increasing the warehouse function and
distribution function, and the loading and unloading
volume is a key indicator of the location of the facili-
ties and equipment in the fleet; therefore, it is easy to
determine, which provides accurate data to make effec-
tive forecasts [13].

Study of material flow forecasting technology model

Model overview

It follows from the basic composition of material
flow that if a single forecasting model is used for fore-
casting, its own shortcomings and application limita-
tions will increase, which will affect the accuracy of
forecasting results, and the meaning of forecasting will
be lost; therefore, the combined model of GM (1,1) and
Pierre F. Verhulst is introduced. To integrate the model,
use is made of the entropy weighting method to ensure
the effective integration of the combined model, and
a Markov chain is introduced to adjust the obtained
values of the forecasting model, so that the forecasting
results are transformed from single data into material
flow intervals, and the probability of interval forma-
tion is effectively estimated, which improves the reli-
ability of forecasting [1].
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GM (1,1) model building process

The model is built for training and adjustment of
the existing data series to find a mathematical function
with some kind of law according to certain criteria to
improve the degree of “whiteness”, so as to bring the
forecasting effect to the expected results. The model
is usually a first-order multivariate model. Especially
widely usd is the GM (1,1) model wih the following
forecasting stages:

1. Based on the initial values, the following values
are determined

xD(t) = (xD(1), xD(2), ..., xV(n)) i.e.

t
xO@®) = Y xOk), t=1,2,..,n @
k=1

2. The matrix B and the constant vector Y, are con-
structed

0.5(x 1)+ x0 (2)) 1

g 03(x" @+ x03)

—O.S(x(l) (n —l) +x (n)),l

Y, = (x(2), xX03), ..., xO(m)". (2)
3. The following is solved for grey parameters using
the least squares method

[gj = (B'B)'(B'Y)). 3)

4. Substitution of elements of the grey parameter
vector into the time function

—at

1) (o _u) L u

xV(t+1) (x (1 a] + . 4)

5. xM(t) is differentiated to obtain
e =-a( 2O -Lew

6. e¥(t) balance is calculated and relative error q(x)
is calculated.

7. Verification of errors, the verification criteria are
A. q(x) <0.01, accuracy for class 1;

B. q(x) < 0.05, accuracy for class 2;

C. q(x) <0.10, accuracy for class 3;

D. q(x) <£0.20, accuracy for class 4.

8. Using the model for forecasting and results.

Building a Pierre Verhulst model

Let x©@ is initial data sequence; x© is single accumu-
lation x© to generate the sequence 1-AGO

X© = (x(1), x9(2), ..., XO(K), ..., xXO(n)); (6)
xW = (xP(1), xD(2), ..., xV(K), ..., xV(n)), @)
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k
where xO(k) = > xO®), k=1, 2, 3, ..., i; ZV is average
k

generating sequence X® in close proximity, i.e.

Z0 = (ZM(1), Z™(2), ... Z(K), ..., ZD(n), ()

where ZO(1) = X®(1)
ZO(k) = %X(“(k) +xOk-1), k=2,3,..,n.

Then formula
XO(k) + az®(k) = b(zV(k))d 9)
is said to be a model of GM (1,1, a) order.

Then we transform equation 9 into the form of a
differential equation

M
dt

+ ax(l) = b(x(l))a. (10)

Let’s call this the whitening equation for the “GM
(1,1 a) order” model.
Solution of the equation

1
XO(¢) = (e_(l_a)‘" (1- a)jbe(l_a)atdt + c)l’” .an

When a = 2, the formula is called the Pierre Verhulst
model:

XO(k) + az™(k) = b(z(k))>. (12)

This formula is the differential equation of the
Pierre Verhulst model:

axV

+ax® = b(x™)2, 13)

Let’s solve the differential equation 13 to get:

_ ax (1)
e (1 - (a ~bx (1)) el

x( (2 (14)

Thus, the forecasting model of the discrete Pierre
Verhulst model has the following form:

axW (1)
px) (1) - (a —px (1)) e

A (k)= (15)

EXAMPLE OF A MATERIAL FLOW
FORECASTING STUDY

Example and process

To check the validity and reliability of the model,
the freight flow of Xi’an freight railway station from
2008 to 2019 was selected as an example for the empiri-
cal study (Table 1).
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Table 1
Xi‘an’s cargo turnover in 2008-2019

Years Actual cargo turnover, Symbols in the
thousand tonnes mathematical model

2008 11,250 XO(1)
2009 12,300 X0(2)
2010 14,030 XO(3)
2011 15,660 XO(4)
2012 18,450 XO(5)
2013 20,380 X(6)
2014 21,780 XO(7)
2015 23,530 X(8)
2016 23,830 X9(9)
2017 25,230 X9(10)
2018 26,720 XO(11)
2019 31,230 XO(12)

GM (1.1) grey model forecast formula of Xi’an
freight railway station flow from 2008 to 2019.

i
x( )(t +1) =1.54839.2756€00801 — 14315.276. (16)

Pierre Verhulst’s forecasting formula:

- -104.3281
~0.0024 — 0.0891¢0-089847 *

RO 7

Let’s calculate the forecast value of the freight sta-
tion logistics flow according to the forecasting formu-
la and compare the results. The results are shown in
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Table 2, where the formula for calculating the error is
as follows

(xl —le)IOO . ~
g = I i=1,2,...,m; t=1,2,..,n (17)
1

Combined forecasting models

Suppose that the initial sequence of data is

X = (X,, X, ..., X, )T, the forecast value of the ith single
forecasting model at time t is equal to )?; =(i=12,..,.m
t=1, 2, .., m), the vector consisting of weight coeffi-
cients of each individual model has the following form
o = (0,, o, ..., 0), the resulting grey combination fore-
casting model is

D =f(f,-,,co,-), i=1,2,.,m t=1,2,..,n (18)

Determining the model weights for each combined
forecasting model

Establishing effective model weights for each par-
ticular forecasting model is a key step in ensuring the
accuracy of the combined forecasting results [1]. In this
study, the weights for each particular forecasting mod-
el are determined based on the information entropy
theory and the degree of variation of relative errors of
different models.

1) Let the relative error of the ith forecasting meth-
od at time t be

1, (%0 = xi ) / %, =1

‘i = (x,—)/c;)/x,, Os(x,—)/c;)/xtsl

Comparison of forecast results for 2009-2019

Years

2009 1414.5 1330.84
2010 1498.07 1346.31
2011 1625.57 1472.30
2012 1756.79 1609.67
2013 1903.30 1810.21
2014 2109.50 2002.46
2015 2345.82 213797
2016 2414.27 2293.07
2017 2613.98 2503.96
2018 2830.10 2730.93
2019 3064.32 2978.34

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES

Forecast data / 10,000 tonnes

turnover /
1230 -12.5294 -0.0668
1403 -6.8903 3.9730
1566 -3.6118 5.9841
1845 4.7210 13.339
2038 7.0023 13.9524
2178 5.5562 10.3456
2353 6.1573 9.4236
2383 -1.3119 3.7443
2523 -3.6468 0.7555
2672 -5.9204 -2.2056
3123 1.8793 4.6325

o~
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2) Normalization of errors
n
fizel2e, i=1,2,..m; t=1,2,.,n  (19)
t=1

3) Calculation of entropy values for the ith forecast-
ing method

n
H =-1/Inn Y fInf, i=1,2,.,m; t=1,2,.,n (20)
1=1

It follows that for the ith model, if f, are equal, i.e.
f,=1/n,t=1,2, .., n Then H, takes on big value 1, and
we have 0<H < 1.

4) Let’s calculate the coefficient of variation for the
ith forecasting method:

V=1-H, i=1,2,..,m. 21)

5) Let’s determine the weight coefficient for the ith
forecasting method

m
w--—-—l—-[l-vg / }:ng, i=1.2,..m (22
i=1

" m-1
6) Let’s build a combined forecasting model
— m —~
Ve = z ®; Xits t= 1’ 2’ ey I (23)
i=1

According to the forecast results in Table 2, in con-
junction with the relevant entropy method principle,
the correlation weight coefficient of each forecasting
model is calibrated, the vector of weight coefficients
calculated by the formula (3.1)-(3.10), is:

» =(0,6731, 0.3269).

Thus, the corresponding model of the combination
of entropy methods is obtained as follows

¥, =(0.6731x;, +0.3269x,). (24)

The forecast compliance value obtained using the
combined forecasting model is written as y; .

COMPARISON OF ACCURACY OF THE RESULTS

Let’s define the forecasting accuracy indicator as
the average relative error of the forecasted values in

Table 3
Average relative error of different models

Forecasting Pierre Combined

Relative error, %  6.4266 5.2416 4.0653GM
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2 350011 _¢— Actual volume of freight traffic
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Fig. 3. Graph of forecast results for different forecasting
methods

order to compare the accuracy of forecasting models.
Formula for calculating the average relative forecast
error

127 |x —x;
A; :_ZMIOO, i=1,2,..,m. (25)
L

Let’s enter the accumulated data into the formula
and the calculation results are shown in Table 3 and
Fig. 3.

CORRECTION OF MODEL FORECAST
RESULTS

Markov chain correction forecast results

The forecast result of the grey combination model
is a single value; this forecast result will give a certain
error with respect to the actual value. To ensure the
accuracy of the forecast result we use Markov chain
methods to accurately combine the forecast values into
a small range of intervals, on this basis we calculate
both the probability [14, 15] and the probabilistic prob-
lem of its interval generation.

The central aspect of the Markov chain approach is
to determine a probabilistic approximation of the num-
ber of transitions m, from sample state S, into state S;
asm ie.

Pl.]. = mi]./mi, (26)

where P, is the probability of transition of Markov
chain state S, to state S..
The properties of P, value are:

Y P=1 @7
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The state transition matrix is built in the form 10 )
—o— Amplitude-related error
Pt Pro =t P 2 gt
_| P Pn - Pu =
P= : RN I (28) S
v 6
P Pn2 "t P 8
. 5 af
According to the method, the results of the com- o
bined forecast are categorised into three states when S 5
compared with the actual freight volume values: First,
the residuals as a percentage of the actual freight vol- . . . . .

ume less than -15 % and greater than -5 % are over- 20008 2010 2012 2014 2016 2018 2020
estimated states (E1); the forecast residuals from -5 %

to 5 % of the actual freight flows are normal (E2); the Years

forecast residuals as a proportion of the actual freight Fig. 5. Relative error in forecasting the freight traffic volume
flows in the range from 5 to 15 are called underesti-

mated states (E3). Based on this classification criterion, Table 5
the occurrence of each state in the combined forecast Forecasting results after Markov chain correction

scenario is shown in Table 4.
Forecasting results after Markov chain
Combined improvement

4000 ) i forecast
o Actual data /s results | Status | Prob- | Range of forecast
o 3500H —* Forecast data / space ability values
IS
2 3000 /g/ 2020 335716  E1  0.0000 [239.05,3024.35)
>
) P E2  0.8000 [3024.35,3423.68)
£ 2500 %
3 / E3  0.000 [3423.68,3642.68)
o 2000 o
=4 = 2021 3572.09 E1  0.0000 [3125.28,3403.56)
© 1500
s T E2  0.6900 [3403.56,3870.65)
000
2008 2008 2012 2014 2016 2018 2020 2022 E3 03100 [3870.65,4234.90)

Years
2022 387421 E1l 0.0000 [3312.07,3700.49)

Fig. 4. Optimised graph of forecast data of freight traffic volume
E2 0.6295 [3700.49,4086.92

)
)

Table 4 E3 0.3705 [4086.92,4395.34

The forecast value and classification status of the combined
forecasting model from 2009 to 2019

Based on the Markov correction principle, the algo-

Combined rithm of the combined forecasting model on MATLAB
. Actual cargo Error . .
forecasting turnover / limit ,, can be improved to increase the accuracy of the fore-
10 (')"00(;" :(l) r{ hes 10,000 tonnes % casting results, as well as the subsequent output of the
: forecast state vectors, as shown in Figs. 4, 5 and Table 5.
2009 1336.48 1230 -8.6571 El Comparing the forecast data for 2020 and 2021 in
2010 1451.28 1403 -35150 E2 Table 5 with the actual traffic volume data of Xi’an Sta-
2011 1575 87 1566 -06303 E2 tion, we can conclude that the results forecast by the
model better reflect the development trend of the fu-
2012 1711.07 1845 7.2088 ES ture traffic volume and can more accurately forecast
2013 1857.76 2038 8.8438 E3 the future traffic volume, and the model itself is more
2014 2016.88 2178 73974  E3 efficient.
2015 2189.47 2353 6.9501 E3
2016 2376.60 2383 0.2684 E2 CONCLUSION
2017 2579.48 2523 -2.2790 E2
2018 2799 36 2672 47660 E2 Most existing methods for forecasting regional
2019 303760 3123 27348 £ flows require the collection of a multitude of diverse

data affecting flows. The variety of statistical methods
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leads to complex causal analyses, making the data dif-
ficult to use. Using the combined forecasting model
and Markov chain to improve and adjust the forecast-
ing results, the traffic volume of Xi’an railway station
and the development of Xi’an’s logistics demand were
forecasted, and the probability situation of the oc-
currence of the corresponding intervals of logistics
demand for the forecast year was obtained. Logistics

Wang Hailin, Evgenii K. Koroviakovskii

Forecasting material flows of modern logistics centres of railway freight stations exemplified

by Xi‘an (the People’s Republic of China)

flow forecasting plays an important role in the devel-
opment of macro-logistics initiatives of the govern-
ment. Based on the statistical data of Xi’an city freight
turnover of Shaanxi Province from 2008 to 2019, the
freight flows for 2020-2022 are forecasted, and the
combined forecasting model is more validated for
forecasting the logistics scale of the region compared
to the GM model (1.1).
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