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Abstract:

This study aimed to assess the efficiency of thievag industry in Central Asia Regional Economic dperation
(CAREC) 10 member countries. Using data from 2@lB118, we set the ten CAREC countries as DMUsagpdied
the DEA (Data Envelopment Analysis) method to amalhe relative efficiency of each country's raimdustry. Input
factors considered were railway extension lengtimiver of workers, freight cars, and expenses. @dggtors included
revenue and total cargo volume. The results redghkat the China Railway Corporation and the Afgsimm Railway
Authority consistently demonstrated efficiency otlenree years, with an efficiency value of 1(100%gzakhstan and
Uzbekistan also achieved 100% efficiency for oneryeach. While the Mongolian railway industry shdveeslightly
higher efficiency index, it was less efficient th@hina, Afghanistan, Kazakhstan, and UzbekistamdiRgs reveal that
the Mongolian railway sector faces significant &rades due to outdated infrastructure, rolling lst@md equipment,
which hinders profitability. According to the retubf DEA's analysis, it is helpful for Mongolia thoose optimal
benchmarking targets to reduce operating costsowepnfrastructure and facilities, and optimizeeggions to enhance
railway efficiency.

1 Introduction km away. The Mongolian railway shares the samedroa

Mongolia spans an area of 1,564,116 square kilamet&dauge (1520 mm) as Russia, but when trading withaCh
in Central Asia. This landlocked nation shareségthern Which uses the standard gauge (1435 mm), transshipm
border with Russia and its southern border withn@hi iS necessary due to the gauge difference. This egaug
Despite limited international trade and logistiewarks ~difference significantly impacts logistic flow atide time
via its neighbors, Mongolia is traversed by a auental and cost of Mongolia's trade with China.
railway line that connects Eurasia. The history of Mongolia’'s  transportation —sector —encompasses
Mongolia’s railway industry dates back to 1938hwin railways, roads, and aviation. According to the istiry of
initial railway line stretching 43 kilometers arehturinga Road and Transport of Mongolia, the freight volume
750 mm gauge. This line facilitated train travetvimen continues to rise annually, with an average annagjo
Ulaanbaatar and Nalaikh. In 1946, the Mongolian angplume of 174 million tons as of 2023, reflecting@6%
Russian governments negotiated a contract estatgligre  increase from the previous year. The distributiboasgo
Mongolian Railway joint venture. By 1955, the owstap transport among the different sectors is as follovwad
was split evenly at 50:50. The Russian governmefi@nsport accounts for 66.36%, railways for 33.63¢1d
Comp|eted a 400 km rai|Way line Connecting Ulaatdraa air transport for 0.01%. In 2023, most of the insgional
to Naushki in 1949, and a 700 km line linking Ulhaatar cargo (96.3%) was transported through the bordén wi
to Zamiin-Uud was finishedin 1955. In 1952, arfchina, while the remainder (3.7%) passed through th
agreement was reached among Russia, China, Mder with Russia. Of the cargo handled_at then€e
Mongolia to operate interconnecting direct traimough border,  95.4% was exported transportation, ~ whereas
Mongolia, leading to the opening of the Trans-Mdizgp 88.9% was imported transportation at the Russiageno
Railway (TMGR) in 1956. _D_esplte significant efforts, Mongolia's transpadat

As of 2023, Mongolia's railway network extends tcfficiency needs to catch up to that of advancethttes.
2,413 km, primarily comprising two main and eigramch ~ The aging railway infrastructure and a shortag&esght
lines. A 1,110 km route connects Sikhbaatar on t&rs and locomotives necessitate extensive repaids
Russian border, passing through the capital Ulatabso Upgrades to enhance operational efficiency [1].
Zamiin-Uud on the Chinese border. As a landlockeurthermore, most railway routes are single-tréedling
country, Mongolia's nearest port to the capitak0 increased freight transportation time due taagelat
Ulaanbaatar, is Tianjin Port in China, approximafiel700 intermediate stations as train frequency rises.s Thi
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inefficiency hinders the ability to meet the growin service delivery from the perspective of railroads.
demand for freight transport. To address thesdesig#ds, Considering the limitations imposed by data avditgb
the Mongolian government has devised a multi-stdge and employing Data Envelopment Analysis (DEA), we
to construct new railways, aiming to improve the@l have selected specific quality of service metritsese
transportation infrastructure and boost the cortipetiess metrics include punctuality, the frequency of seviain
and efficiency of railway transportation. Additidlya accidents (safety), and the volume of public cotngda
several international organizations are investingand (customer satisfaction). The study identifies exiamyp
implementing projects within the railway sectostgpport zones and assesses the efficiency of 16 IndiarwRysl
these improvements. (IR) zones based on these criteria [3]. In a studf4], the
The CAREC Program is one of ADB's initiatives tocauses and magnitudes of inefficiencies in the tinpu
foster regional cooperation and trade. It was lhaddn structure were analyzed by applying DEA (DEA-AR) to
2001 and is a partnership of 11 member countriégs T evaluate the efficiency of the Chinese railway stdy
study analyzes Mongolia's railway industry's efficdy by The analysis results spanning 1985 to 2004 indicate
comparing it with the efficiency of the other teer@al overall inefficiency within the Chinese railway unstry,
Asia Regional Cooperation (CAREC) countries usipgro with a notable increase in efficiency observedre2@00.
data from 2016 to 2018 from the Asian DevelopmeailB The study identified excessive workforce and owdat
(ADB)—Mongalia, which joined CAREC in 2003. facilities as primary factors contributing to ireféncy. [1]
The efficiency research maximizes the benefits ainalyzed the efficiency of railway transportatiorkiorea
investment and improvements in the railway indydtyy using DEA techniques based on railway transporatio
measuring efficiency, the study seeks to identifgervice data provided by 22 national railway opegat
inefficiencies in input factors and propose striedor companies from 2000 to 2006. The analysis showat th
improvement, enabling the industry to achieve highéorea's railway transportation operates more effitty
efficiency through benchmarking. In the case of rathan other countries and that productivity hasedased
transportation, the process for obtaining outpuvesy since 2004. [5] analyzed productivity changes indBaan
complex, and according to [2-4], there are limdag in railways from 1970 to 1995. The paper applied a-non
clearly identifying the input elements and costsparametric approach that could subdivide production
Considering the characteristics of the industrydeeided changes into efficiency and technological changés
to apply the Data Envelopment Analysis (DEA) model, results of the analysis confirmed that most cormgmni
linear programming method (LP). focused on increasing productivity from 1985 to 399
This study comprises the following chapters: Chapte when they carried out the renovation process. Relsegs
introduces the study, Chapter 2 introduces relgtdture of [6] analyzed the determinants of efficiency dadnd
studies, and Chapter 3 briefly explains the metlmpo that, unlike other papers, the higher the autonameg
specifically the DEA. Chapter 4 discusses efficigenc financial independence, the higher the efficierel and
summarizes the analysis and results, presentsoogimin  technological change. [7] assesses the efficieric§8o
Mongolia's efficiency, problems, and directions forailway lines operated by seven major companid®kyo,
improvement, and provides a simple interpretatiomagh factoring in financial performance and in-vehicle

country's efficiency. It concludes in Chapter 5. congestion. Using 2017 data on congestion rates, li
specifics, passenger metrics, revenue, and expetiges
2 Literaturereview study applies data envelopment analysis and Tobit

Much of the existing research on the railway seetas regression. Results show that adding congestioa dat
conducted on operational efficiency using varioudnproves service quality measurement in efficiesmyres.
methodologies ~ targeting routes and  operatingfigher congestion lowers cost efficiency but boosts
organizations. The efficiency of the railway syssem19 revenue efficiency, with improvement strategiesppsed
Organization for Economic Cooperation and Develapmefor different line types. [8], investigated the iagp of CO2
(OECD) countries was studied from 1978 to 1989 gusiremissions on railway efficiency in China, utilizirg
DEA analysis. Tobit regression was used to ascette Malmquist-Network DEA model with data from 18
impact of public subsidies and the level of managem railway bureaus from 2006 to 2020. Also, [9] exagain
autonomy while Contro"ing for various Operatingrailway transport in 16 nations between 2010 an#i820
characteristics and market environments, suchadfictr using a three-stage DEA modeling approach. The 16
density, average load per train, average travedntie, and hations under consideration have comparable pure
electrification ratio. The study determined thailway €fficiencies but differing scale efficiencies, segting
systems heavily reliant on public subsidies exaibit little chance of increasing efficiency through teicial
significantly lower efficiency than those with lowe advancement.
dependency, and systemized countries tended tevachi In this study, we analyze the railway operation
higher efficiency levels [2]. efficiency of CAREC countries, including Mongolia,

This paper evaluates the performance of rail tramisp Pased on DEA, find countries corresponding to the
services by examining the comprehensive concept fficient frontier based on DEA, and benchmark the
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efficiency of the efficient frontier to suggestelitions for
improving Mongolia's efficiency. The summary of the
literature review is shown in (Table 1).

Table 1 Summary of the relevant literature on Railway

Author Subj ect (;:tpstt M ethodology
Cantos, P., Number of workers, consumption of energy and
Pastor, J.M., and European Railway materials, number of passenger carriages, numb&geA, MPI
Serrano, L. (1970~1995) of freight cars, number «ilometer: of track
(1999) Passengekm and tonne-km
Ha, H.,C, Y., . . Labor, power, capital, fuel consumption, GDR,
and Na, J. China i%?g%%rdusm railway lengtt DEA-AR
(2009) ( ) Passengekm, freight tor-km
Kim, H., OECD 30 countries and  Workforce, fuel, vehicle, mainline extension,
Kwang H., et Korean railways management cost DEA, MPI
al., (2000~2006) Distance of traffic, train transport performance,
(2009) transportation incon date
Working expense, financial performance, asset
utilization, Number of employees, Equated
Sgk?;g]til\lgf/l Indian Railway Passenger _ Track kilqmeter: . DEA. MPI
ot aI’. ’ Transportation Loadl_ng of revenge-earnlr;g)ods traffic, passeng ’ '
(2016’) (2004~2009) traffic, punctuality of mail/express and suburban
trains, mean kilometers per accident, number|of
satisfiedpassenge percomplain, reliability
Annual cost of operation, the average annua|
number of employees, the length of the main line
Kutlar, A., . ) the number of traction vehicles, the number of Panel data,
Kabasakal, A.| World Railway firms assenger carthe number of cardo cz DEA CCR -
and Torun, P. (2000~2009) b g go ce BCC, MPI
(2013) Annual total revenues earned, total number of
passengers transported, total number of passengers
km, total cargo ton transported, total cargc-km
Labor, energy consumption, ways and structures,
OECD 19 countries materials, number of passenger cars, number o .
oum, T., YuC. (1978~1989) freight wagons, number of locomoti BEA’ Tob't
(2014) - . Regression
passenger-km and freight ton-km, passenger train-
km and freight train kr
Length of line, the number of stations, labor costs
operating costs, Vehicle kilometers, number ¢f
Le&Ykégk‘E M. Urban Railway - passenge | DEA, Tobit
(202’2) ' (2008~2018) Vehicle kilometers, number of passengers, 1/in Regression
vehicle congestion rate, fare revenoméscellaneou
transportation reven
Length of railway lines, average number of staff,
Niu, Y., Li, X, 16 Countries Railway number of _Iocomotives, annugl consumption_ Df
etal., (2010~2018) energy by railway transport, ratio of non-elecéf DEA
(2023) railway tracks to electrified railway trac
Passengerkilometer, freigh-tonne=-kilometer:
Construction capital, line length, number of
) ) locomotives, number of employees, energy
Ji W., & Qin, F China Railway bureaus) consumption of locomotives, population density Malmquist—
(2024) (2006~2020) passenger delivery, per capital GDP, kilometerg pEA model
travelled by locomotive
Revenue of railway transpoft(, emissions
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3 Methodology [12]. This method measures efficiency by calcutatine

Many researchers introduced efﬁciency ana|ysmm prOdUCtion frontier, the minimum input combination
economics literature, and since then, many studéae required to produce a given output, the cost cuame, the
been devoted to measuring efficiency_ In particu‘be distance between actual observation points. DEAagaisod
fields of efficiency analysis are increasingly doated by ~also require input- and output-oriented solutianathieve
parametric frontier models and nonparametric tephes. an efficient frontier.

Technical Efficiency (TE) and (Allocative EfficiepcAE The input-oriented model offers recommendations for
use parametric and nonparametric methods in Studwerlng |npUtS to reach the efficient frontler.eT-bUtpUt'
where economic efficiency performance assessment qgented model suggests ways to boost output tieaelan
measured. The nonparametric approach uses |in&ﬂ{C|ent front!er. The efficient f-rontler may beached -|n
programming to determine the best combination ptiis the output-oriented model by increasing outputhexit
and outputs, which are then categorized accordinpeir ~drawing in more inputs. The output-oriented parauig
actual performance to assess the relative effemsgof Makes sense when the inputs are roughly constant.
many decision-making units. Furthermore, the input-oriented paradigm works wékn

The nonparametric approach has the advantage tBf outputs closely match the organization's ohjestor
imposing no a priori parametric restrictions on th@re constrained by outside variables [13].
under|ying techno]ogy_ DEA is an effective non- The DEA model is the most efficient method for
parametric method for evaluating the relative éficy of ~€valuating input and output by applying each anslys
the decision-making units, which can be differeanf the ~target, or Decision-Making Unit (DMU), to both inpand
exact functional form between the inputs and owtpufutput. This model has the advantage of measutiag t
approach. The model measures the efficiency @wiUs ~ relative efficiency of DMUs with multiple inputs dn
without requiring prior weights for the inputs anatputs.  outputs, enabling the assessment of both efficieamy
As a result, DEA computations are made to optirezeh  inefficiency. These measurement results help aealye
unit's relative efficiency score, with the cavemattthe causes of inefficiency and set goals for efficiency
weights determined in this way for each DMU muspal improvement. The DEA model is widely used for
be practical for every other DMU in the sample. TigA  €valuating the efficiency of public service orgatians
technique allows each DMU to set its variable weighre  [1]. In general, the CCR model is a fundamental ehod
favorably than other DMUs and can identify refeeencthe DEA technique, which can be explained as fatow
units for each DMU. The DEA is more flexible andThe ratio of the weighted sum of output variablestte
applicable than other methods [10]. weig_hted sum of in.put variables in a DMU must aneced

In this study, the Data Envelopment Analysis (DEA}: with the constraint that the we|.ght of e.ach in@riable
method is used to measure the overall efficiencyhef IS greater than 0. The relative efficiency is eatéd based

railway systems. on this constraint. The DMU is considered ineffitié the
calculated efficiency score is less than one.
3.1 DataEnvelopment Analysis The CCR model assumes that thereraBBMU; (j =

Efficiency is defined as the ratio between outmrd 1,2 ...s) that produce s outputs for.;(r = 1,2....m),
inputs, and we can describe it as the distancedeetthe using inputs x;;(i =1,2....n), to be evaluated. The
quantity of input and output. Efficiency refershe extent efficiency of a specific decision-making udiM U, is the
to which output can be produced with minimal inputhe  ratio of the weighted sum of outputs divided by the
extent to which maximum output can be achieved waith weighted sum of inputs. In mathematical formss ghown
given amount of input. Efficiency is measured byn equation (2).
evaluating performance by comparing two or more

production systems. It is a significant tool foasis and XM U Yo
improvement. It can be expressed as shown in iequat Max E, = an
1 . = L Lo
1 Sy
OUTPUT s.t. Tnl — <1 j=12,..,s
Efficiency = 1) Lisy Vi xij

INPUT
and u,,v; >0, r=12,...m)({=12,..,n) (2)

The DEA model is an efficiency measurement method
first developed based on the concept of relatifieieficy Where thex;;, y,; are the known inputs and outputs of
by Farrell (1957), the CCR model by Charnes, Caaued  the j** DMU. The models presented in above ratio form
Rhodes (1978) [11] developed the Farrell view, tey are a fractional programming problem. Neverthelsisse
provided a fractional and nonlinear mathematical, v; x;; = 0, if we letXl,; v; x;0 = 1, the problem
programming model to measure efficiency with midtip can be reformulated as the following linear prograny
inputs and outputs. The BCC model by Banker, Crgrneyroblem as shown in equation (3).
and Cooper (1984) presented a new little changedemo
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railway industry using data envelopment analysis: a

m

MaxEo = Zur Yro

r=1

s.t. v Xio = 1,
=1
m n
Zur Yrj S Zvi Xij, j=L12..,s
r=1 i=1

and u,,v; >0,(r=12,..,m) (i =12,..,n) (3)

Where:
DMUo: Decision Making Unit,
E,:Efficiency of DMUo,
u,: weight for r toutput,
v;: weight for i*" input,
Y.j:the amount of r th output of DMUJ,
x;;: the amount of i** input of DMUJ,
r: number of outputs,
i: number of inputs,
s number of DMUs to evaluate.

Hence, solutions can be derived through the itati
use of linear programming software.

transported along a single main route. In this irgriented
model, one of the main objectives is to maintasdhtput
level while enhancing the input level. Although i
difficult to carry out large-scale works such apanxding
railway tracks in a short period, we selected thizdel
because it is possible to improve the input facsoich as
the number of vehicles, personnel, and operatistsdbat
can be enhanced to control the railway organization

Mongolia's primary railway network has an average
carrying capacity of 25 tons per axle (Axle Load).
However, the load has increased in recent yeadirlg to
overloading on some routes. This overloading has
damaged the railway infrastructure, increased reaarice
costs, affected the quality of the railway, andedi the
probability of accidents, all of which directly iagt
performance. In the future, the volume of transgah
and profitability will depend on the railway's cajig;
therefore, there is a need to enhance the quditheo
existing inputs to increase output. We have chdben
method because it is the most efficient way toyceunt rail
transport until the dual tracks and new transportidors
are created as part of the railway reform.

Accordingly, a basic model with a specific direatio
that can fix the output and reduce the input amedéal
model that can obtain the same efficiency scorardigss

The CCR model assumes constant returns to sc&f Unit change in input and output were assumea Th

(CRS) in the productivity process and measuresieffcy
and overall technical efficiency (TE) [11].

3.2 CCR mode for DMU-1(Mongoalia)

Rall transportation is a public sector, so meagyitfire
cost of input and output factors, the importanceastices
provided, and the resources used to depend on
evaluation target is difficult. Therefore, considgrthese
characteristics, data envelopment analysis (DEAjlet®
are widely used for evaluation, and this study asggput-
oriented model.

input-oriented envelope model is "a model thatditltb6
ratio that reduces the input level to the smabgseducing
all m input factors by a certain percentage whillei@ving

at least the same output level as the current blepal. "
Let's calculate and interpret the efficiency of théroad
industry using the objective function and constrain
b mula of the linear planning method of the inpuented
envelope model. Assume there are 10 DMUs, and each
DMU (j=1,2,..,10) producesy,;(r =1,2,..,m)
output variables by inputting;(i = 1,2,...,mn) input
variables. First, if the weight of input elementt14 are

Regarding Mongolia's railways, it has been manys/eavs, vz, v3, 74, and the weight of output elements 1 and 2

since the primary railway network was establistead] it

areu,, u,, the CCR input-oriented model for calculating

is challenging to completely repair and modernize ithe DEA efficiency score d MUE, can be formulated as

mainly since all export, import, and transit cagaee

Max E; = 19,989u, + 128,975u,
s.t. 13364v, + 1810v, + 3319v; + 129,329, = 1

following equation (4).

19,989u, + 128,975u, < 13364v, + 1810v, + 3319v; + 129,329v,
5,190u, + 213,284u, < 22886v; + 2066V, + 4193v; + 217,629v,

2,693,000u, + 89,259,332u, < 2,003,306V, + 111821v, + 764783v; + 82,236,988v,
339,000u, + 1,708,912u, < 76240v, + 15529, + 56504v; + 1,367, 884v,

10,000, + 200, 412u, < 12700v, + 1994v, + 4469v; + 135,202v,

1,742u, + 18,391u, < 326v, + 75v, + 17v; + 10,444v,

12,421u, + 71,936u, < 80054v, + 7791v, + 15164v; + 144,001v,

5,454u, + 51,8876u, < 57700, + 597v, + 450v; + 49,358,

67,600u, + 63,5326u, < 58239V, + 4593V, + 20448v; + 56,015v,

6,031u, + 56,903u, < 5131v,

+417v, + 1080v; + 38,603v,
(4)
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and uq,u,,v4,05,03,0, =0

To obtain the optimal solution of the above lineaavailability of reliable information, input and quit
programming model using MS Excel Solver, thdactors must be finalized, so factors relevanhtorailway
Mongolian railway industry, which is the subject ofindustry were selected from previous research. ddta
evaluation, uses input and output variables sud8g&64 used in this study is based on the 2016-2018 Rgilwa
staff (v,), 1,810 km of railway line extensiomy), 3,319 Sector Report of Member States published by the ADB
freight vehicles%;), and operating expenses of USD 12.#\Iso, the homepages, statistical websites, and spres
billion (v,), resulting in railway freight performance ofreleases of the country's railway organizations ewer
19,989 tons of freightu;) and USD 12.8 billion in analyzed, and missing and additional informatiort no
revenue,) to obtain the DEA efficiency score. included in the report was found. The data setistmsf
10 countries in CAREC that do not have Turkmenistan
Because it does not provide data as simultaneagsiyher
countries. The inputs and outputs used in this piqoels
on the ten CAREC countries and review previousistud
on railway efficiency using the DEA method. Theitalzde
data from the cost-effectiveness analysis (Tablear®)
summarized.

3.3 Datacollection

Since there is no precise definition of input antpat
factors, it is essential to define which factore ased as
inputs and outputs together with the evaluatioteds.
Considering the characteristics of railway transpad the

Table 2 Numerical value of input and output data (2016~2018)

Rail

DMU Nation Year | Employee | length FrEE EAPEEES Freigh_t yolume RIS

(km) car (million) (million) (million)
201¢ 13,36¢ 1,81( 3,31¢ 129,329,43 19,989,00 128,975,11
1 Mongolia | 2017 15,80( 1,81t 6,50( 131,396,34 22,765,00 156,494,52
201¢ 16,48 1,92( 7,13( 135,234,89 25,763,00 181,887,97
201¢ 22,88(  2,06¢  4,19: 217,629,53 5,190,001 213,284,34
2 Azerbaijan | 2017 19,00 2,944  4,19¢ 251,214,85 4,630,00 225,982,68
201¢ 19,00(  4,28f  4,19¢ 287,268,86 4,490,001 222,192,68
201¢ | 2,003,30| 111,82| 764,78| 82,236,988,2¢ 2,693,000,00 89,259,332,9C
3 China 2017 | 1,848,03| 131,00( 808,73( 88,298,554,1¢ 3,689,000,00 97,145,983,4F
201¢ | 1,841,50( 132,00( 839,21 94,318,371,65 4,026,000,00/104,425,165,72
201¢ 76,24( 15,52¢ 56,504 1,367,884,17 339,000,00] 1,708,912,12
4 Kazakhstan| 2017 119,07 16,04( 54,924 1,497,596,42 387,000,00] 1,895,768,59
201¢ 130,40( 16,04( 55,00(] 1,699,228,91 387,000,00; 2,167,872,18
201¢ 12,70( 1,994  4,46¢ 135,202,72 10,000,00 200,412,17
5 Georgia | 2013 10,76¢ 1,44: 5,001 284,672,24 10,600,00 175,951,56
201¢ 13,00( 1,44: 5,001 404,665,08 9,900,001 165,032,42
201¢ 32¢€ 75 17 10,444,41 1,742,001 18,391,24
6 Afghanistan| 2017 32¢€ 75 17 11,366,81 1,968,001 19,540,70
201¢ 32¢€ 75 17 10,458,60 3,298,001 29,871,58
201¢ 80,05 7,791 15,16« 144,001,41 12,421,00 71,936,06
7 Pakistan | 2017 72,074 7,791 16,08t 143,283,20 20,884,00 71,939,65
201¢ 72,074 7,791 16,15¢ 153,542,85 20,849,00 89,004,36
201¢ 5,77( 597 45(C 49,358,47 5,454,00 51,887,27
8 Tajikstan | 2017 5,70( 68( 45(C 30,813,92 4,647,00 33,623,70
201¢ 5,40( 682 45(C 33,998,33 5,348,00 37,744,71
201¢ 58,23 4,597 20,44t 56,015,79 67,600,00 63,532,61
9 Uzbekistan | 2017 64,10(  4,66¢ 20,44t 36,831,65 67,900,00 76,728,64
201¢ 70,00  4,71¢ 20,44¢ 81,615,76 68,400,00 83,461,31
201¢ 5,131 417 1,08( 38,603,21 6,031,00 56,903,83
10 Kyrgyz 2017 4,70( 42¢4 1,08( 54,984,26 7,157,00 61,720,40
201¢ 4,817 42¢4 1,08( 48,365,90 7,526,001 56,020,59

*Data was collected from the report of Railway ®e@&ssessment CAREC countries, ADB (2022) [14].
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4 Resultsand discussion member countries. MS Excel Solver was used as the
¢ analysis tool. The DEA model evaluates a DMU with a
efficiency value of 1 as the most efficient; if thalue is
less than 1, the DMU is considered relatively iicéfht.
The trend of efficiency changes for each natioadhvay
operating industry is shown in (Figure 1).

This study conducted a DEA efficiency analysise&m
national railway industries from 2016 to 2018, spag
three years. Turkmenistan was excluded from thiysisa
due to insufficient information on its profits angerating
costs among the 11 national railway institution€AREC

DEA EFFICIENCY
1.20

1.00
0.80
0.60
0.40
o 1 1 I Il .. ||
0.00

SIS ESLS

m2016 =2017 w2018

Figure 1 Efficiency of the 10 DMUs

The analysis results using the CCR model are slwwncomparator countries and fourth in the number efeli
(Table 3). When measuring the operational perfonaarfi locomotives (2017). However, from 2016 to 2018, the
the countries operating the railways, the totafqeerance efficiency rate gradually improved, rising from 4% in
of the operating income and the total amount aofdparted 2016 to 47.5% in 2017, reaching 51% in 2018. This
freight were selected to measure the efficiencya Assult, improvement can be attributed to a continuous asaén
four of the railway organizations were efficienhdasix freight performance, operating income, and outpatdrs.
were analyzed as inefficient. The institutions afieg at Specifically, cargo flow throughput increased fré1989
100% efficiency are China Railway Corporation (DN8)J- million tons in 2016 to 25.763 million tons in 2Q18
Afghanistan Railway Authority (DMU-6), Kazakhstanreflecting an annual growth rate of approximateBgdl
Railways (DMU-4), and Uzbekistan Railways (DMU-9)Simultaneously, operating profit rose by 26%, from
have worked efficiently for one year each. Afghtaris 156.494 million to 181.887 million. Additionally,hé
Railway Authority (DMU-6) was the most efficient DM growth rate of operating expenses remained lowveasl
analyzed 22 times for the DMU with the most sigrafit effectively managed. If activites such as the
reference group. After that, China Railway Corporat comprehensive renovation of the existing railwasef]
(DMU-3) had many references, 15, and finally, Uabiln  technical logistics, the acquisition of new equipimend
Railways (DMU-9) was analyzed as the subject dimely maintenance are undertaken, the productiaity
efficiency evaluation four times. railway operations could reach 100%. Furthermahne, t

It has been concluded that the Mongolian railwayse Mongolian government has recently initiated a new
(DMU-1) did not operate at 100% efficiency durifget railway project aimed at expanding the railway ratw
specified years. The Mongolian railway fleet sudftoom and enhancing mining operations, which are crifeetors
significant wear and tear, with approximately 60%nfluencing the development of the railway industAs
of logistics elements, such as wagons and locomstiv part of this project, the railway network will bgpanded,
being at least 26 years old. These vehicles operader leading to increased cargo volume and enhancegiesfély
harsh conditions and often receive minimal maimera within the Mongolian railway sector.
rendering them prone to increased deteriorationofding Azerbaijan Railways (DMU-2) 's efficiency decreased
to data from the International Union of Railways @) year over year from 2016 to 2018, directly relatetdigher
UBTZ ranks third lowest in the number of wagons agno operating income than expenses. The main reasiratis
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Efficiency assessment of the Mongolian railway industry using data envelopment analysis: a

during this period, Azerbaijan Railways investebbtaof
finance in the project, investing in the infrastiue works
to connect the Baku-Thilisi-Kars BTK railway lin@nce
the project is fully implemented, it will cover expses,
increase income, and be profitable. The Baku-Titilegs
(BTK) railway connects Baku, Azerbaijan, with Thili
Georgia, and Kars, Turkey. The line is an importeansit
corridor from the Caspian Sea to Europe and hasldeed
into one of the main routes connecting China, GéAtsia,
the Caucasus, and Europe. In 2016-2018, the eftigiof
China's railways (DMU-3) improved due to the expams
of high-speed rail and the growth of passenger ftmd
freight revenue. During this period, China expandsd
domestic and international rail network and inceeias
shipments to Europe under the Belt and Road lividat
contributing significantly to revenue. Profitabjlhas also
been boosted by introducing technologies to corwsts,

have increased, long-term profitable investmentseha
stabilized profitability. China's railway networkmained
generally financially stable and profitable duritigis
period.

The efficiency of Kazakhstan's railways has stgadil

technological

increased year after year, and research has cenfithat
it was 100% efficient in 2018. During this pericihe
increase in freight revenue, especially in Chinacipa
transit traffic, was a key factor supporting prafiility. The
volume of transport flow is growing every year, and
Kazakhstan has developed into one of the leadimdetr
routes of Eurasia. Also, infrastructure improverseamnd

innovations have reduced costs and
increased efficiency. Kazakhstan Railways has edgan
its international connections with countries sustRassia

and China, further increasing its operating finahci
income. As a result, the country's railway industas

reduce excessive workforces, and improve operdtiongached a financially stable and profitable state.

efficiency. Although the liabilities of the railwagector

Table 3 Estimation result of railway industries efficiency

DMU| Nation |Year | V1 V2 V3 V4 u1 R
(%) point
201¢ 0.00E+0| 2.37E-08] 0.00E+0| 5.50E-04] 0.00E+0( 2.79E-11 47.2 DMU 3, €
1 | Mongolia | 2017 0.00E+0{ 2.09E-08 0.00E+0( 5.47E-04 0.00E+0( 6.08E-11 47.E DMU3, €
201¢ 2.69E-09 5.92E-11] 0.00E+0( 0.00E+0( 0.00E+0(| 7.71E-09 51.4 DMU®, ¢
201€| 1.51E-08 0.00E+0( 0.00E+0( 3.63E-04 0.00E+0( 1.15E-09 32.4 DMU3, €
2 | Azerbaijan| 2013 1.09E-08 0.00E+0( 0.00E+0( 2.72E-04 0.00E+0( 7.96E-1C 24.6 DMU 3, €
201 1.22E-08] 0.00E+0( 0.00E+0( 0.00E+0( 0.00E+0( 3.48E-09 271 _DMUG
201€, 0.00E+0| 2.09E-06 0.00E+0| 5.47E-04] 0.00E+0( 8.50E-12] __ 100.( i
3 | cChina [ 2013 2.69E-08 5.92E-11 0.00E+0| 0.00E+0( 0.00E+0(7.52E-12  100.( i
201¢ 9.58E-12] 0.00E+0| 0.00E+0( 2.90F-06] 0.00E+0( 6.54E-12] _ 100.( i
201€] 0.00E+0| 2.77E-0¢ 1.75E-07| 6.35E-05 0.00E+0(0.00E+0I 93.6 DMU 3, €
4 | Kazakhstan 2013 0.00E+0( 2.36E-0S| 0.00E+0( 6.17E-05 0.00E+0i 6.87E-12 912 DMU3, €
201§ 9.58F-12] 0.00E+0( 5.68E-07] 0.00E+0( 0.00E+0(9.64E-12]  100.C ;
201€ 1.72E-08] 0.00E+0( 0.00E+0( 4.13E-04] 0.00E+0( 1.31E-09 34.5 DMU3, €
5 | Georgia | 2013 1.76E-09 0.00E+0( 0.00E+0( 4.39E-04 0.00E+0( 1.29E-0€ 31.0 DMU3, €
201§ 1.40E-08| 0.00E+0( 0.00E+0( 4.25E-04] 0.00E+0( 9.57E-1C 23.] DMU 3, €
2016 5.44E-06 0.00E+0| 0.00E+0( 0.00E+0( 0.00E+0(| 1.96E-06] _ 100.( ;
6 | Afghanistar 2013 5.12E-08 0.00E+0( 0.00E+0( 0.00E+0( 0.00E+0(8.70E-07 __ 100.( i
201¢ 3.35E-06 0.00E+0( 0.00E+0( 0.00E+0( 0.00E+0(| 9.56E-08] _ 100.( i
201€¢| 0.00E+0( 5.52E-0¢ 0.00E+0( 1.28E-04] 0.00E+0( 6.49E-12 6. DMU6
7 | Pakistan | 2013 0.00E+0( 4.89E-08] 0.00E+0( 1.28E-04 0.00E+0( L.43E-11 10.2/ DMU 3, €
201¢ 0.00E+0( 9.86E-0¢ 0.00E+0( 0.00E+0( 3.29E-OF| 3.06E-09 26.1 DMU 6,
201€¢| 0.00E+0| 7.19E-08] 0.00E+0( 1.67E-02 9.31E-0€|0.00E+0( 39. DMU3, €
8 | Tajikistan | 2013 0.00E+0( 5.59E-08] 0.00E+0( 1.46E-03 0.00E+0( L.63E-1C 26.0 DMU 3, €
201 0.00E+0| 8.31E-08 0.00E+0( 0.00E+0( 2.77E-04 2.57E-08 44.4 DMU 6,
201€¢ 0.00E+0( 1.48E-08] 0.00E+0( 0.00E+0( 4.76E-OF| 4.89E-08 63.4 DMU3, €
9 | Uzbekistan| 2013 0.00E+0( 1.47E-08] 0.00E+O( 0.00E+0| 4.85E-OF| 2.45E-08 574 DMUG
201¢ 0.00E+0| 1.46E-08 0.00E+0| 0.00E+0| 4.87E-OF| 4.53E-08]  100.( i
201€¢| 0.00E+0( 1.03E-07 0.00E+0( 2.39E-02 0.00E+0( 1.21E-1C 612 DMU3, €
10 | Kyrgyz | 2011 0.00E+0| 8.88E-08 0.00E+0| 2.32E-03 0.00E+0( 2.59E-1C 63.5 DMU 3, €
201 0.00E+0| 6.11E-08 0.00E+0( 8.84E-04 0.00E+0( 1.29E-08 46.C DMU G, ¢

Georgian Railways (DMU-5) operated at a loss bezausuch as the Baku-Thilisi-Kars (BTK) railway project

expenses exceeded income in 2016-2018.

During thidich may have adversely affected profitability.ghter

period, the organization made significant investteen operating costs, maintenance, and employee coats th
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exceeded revenue were the main reasons for thefllsss  significantly impacted growing revenues. Althoudte t
transit demand volatility and transport revenuesthelence number of freight cars may be low, higher inte ozl
have increased economic risks. In addition, thelémof freight demand has increased the volume of freight
loans and liabilities may also hurt income. Therefd can transiting Afghanistan, which has positively impatthe
be assumed that short-term financial difficultiesge the profitability of the country's railways.
loss of Georgian Railways. As a result, operativgis also Despite its economic importance, Pakistan's railway
increased sharply from 284 million to 404 millicend (DMU-7) faced several challenges in 2018. The rajiw
operating profit and freight transport performadatnot network is 7,791 km long and suffers from aging
increase that much, which is believed to have oaotisly infrastructure. Technological innovation and autteda
decreased efficiency. systems are essential to improve the deliveryeagiit and
The main reasons for Afghanistan Railways' (DMU-6passenger services. Lack of finance and harmfutitkef
showed an efficiency of 100% every year in itsoifficy are stabilizing the development of the industry tre lack
measurement value. Afghanistan's crucial strategaf political protection from the outside is usecktmninate
location connects Central and South Asia and thddMi the negative impact of strategic decisions. Imprgsub-
East, creating favorable transportation and laggsti operations, attracting international investment,d an
conditions. Afghanistan's railway network is relaty developing cooperation with other countries areetsl.
short; as of 2018, its total length was about 75 ktthat  Therefore, there is potential to transform enecgyelop
time, the main route was the line connecting thespaf strategies for developing Pakistan's railway secamd
Khairaton and Uzbekistan. Although the length of thsignificantly impact economic growth.
railway was limited, the use of freight cars andréased
transit traffic to the Middle East and Central Asia

Table 4 Average Efficiency of DMUs (2016~2018)

DMU Nation Year Dea Efficiency Aver age Efficiency

2016 47.4%

1 Mongolia 2017 47.5% 48.8%
2018 51.4%
2016 32.3%

2 Azerbaijan 2017 24.6% 28.0%
2018 27.1%
2016 100%

3 China 2017 100% 100%
2018 100%
2016 93.8%

4 Kazakhstan 2017 91.2% 95.0%
2018 100%
2016 34.5%

5 Georgia 2017 31.0% 29.5%
2018 23.1%
2016 100%

6 Afghanistan 2017 100% 100%
2018 100%
2016 6.9%

7 Pakistan 2017 10.2% 14.6%
2018 26.7%
2016 39.2%

8 Tajikistan 2017 26.0% 36.5%
2018 44.4%
2016 63.3%

9 Uzbekistan 2017 57.7% 73.7%
2018 100%
2016 61.2%

10 Kyrgyz 2017 63.5% 56.9%
2018 46.9%

Due to several factors, the Tajikistan Railwayverall length of the railway network was relativshort,
(DMU-8) was moderately efficient in 2016-2018. Thdimiting domestic transport capacity. The unstat#genand
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for transit cargo is believed to have led to tis& of lower 5 Conclusions

income. Profitability was adversely affected by thigh In the previous studies of the Mongolian railway
operational and maintenance costs of railways. &hemdustry, many studies were conducted on the ctrren
factors are believed to have contributed to Tapkis status of Mongolian railways and railway constromti
Railways' moderate profitability and the fact tthetre was p|an3' and studies on efficiency were rare. Thug)stNas
too much labor force compared to the length of#liil@ay  conducted to measure the Mongolian railway
extension and cargo vehicles. . transportation  industry's  efficiency and  derive

During this period, the cargo transportation cayasf  jmprovement points. Using the DEA method, this gtud
the Uzbekistan Railway (DMU-9) increased due t@nalyzed the efficiency of railway institutions {0
significant investments in infrastructure improvemand CAREC countries from 2016 to 2018. As a resulthef t
the construction of new lines. In 2018, the incee&s efficiency analysis, 4 DMUs were interpreted as st
demand for transit transportation supported thevifr@f  efficient operating institutions and 6 DMUs weralyzed
freight traffic to the Middle East and Central Asithe as inefficient operating institutions.
tariff policy made transport prices more flexibleada  Between 2016 and 2018, the operating efficiendpef
increased competitiveness. In 2018, the efficienegsure rajlway sectors within the Central Asian Economic
was measured as 1, showing 100% efficiency, becausgoperation varied significantly. The average éficy of
Uzbekistan expanded its high-speed rail networlgach operating agency was analyzed to be highealbire
strengthened connections between major cities,asmW agencies that operate large-scale urban railways or
applied eco-friendly technologies such as replacingilways with small input elements. For three yeding
existing diesel locomotives with electric locometsvor China Railway Corporation and Afghanistan Railway
introducing hybrid technologies to reduce the eyergaythority were analyzed as the most efficient ofieca
consumption of railway vehicles. institutions.

In 2016-2018, the efficiency of the Kyrgyz Railways  Also, China, Kazakhstan, and Uzbekistan achieved
(DMU-10) was moderate due to the limited capacity efficiency through effective policies promoting risit
domestic transportation and the lack of opportesitior cargo transportation, infrastructure developmentd a
transit freight. The length of the railway netwakd the sypstantial investment. In contrast, while Afghtmis
relatively low level of infrastructure developmentrajlway network is limited in length, it generatpebfits
negatively affected profitability. ~Although specifi through the effective use of freight wagons andeased
projects and investments have been made, econOmignsportation to the Middle East and Central
difficulties and pOlltlcal |nStab|l|ty have limited Asia. Converseiy’ Tajikistan and Kyrgyzstan ex@med
investment.  Freight revenues were volatile, anghoderate profitability, hampered by infrastructure
competitiveness could have been better. The irfléd  constraints, political  instability, and insufficien
of the tariff policy also contributed to lower pitability.  jnvestment. Georgia's railway network, charactekibg
Therefore, the Kyrgyz railway sector has not achiev exceptionally high expenditures, contributed to fitsor
sustainable growth and requires significant refoans  performance. Research in Pakistan and Mongoliaatek
investments for further development. that the railway infrastructure, rolling stock, aglipment

The average efficiency is shown in (Table 4). Theere only partially profitable due to their outdéte
average efficiency of each national railway indpsttas  condition.

0.4878 for DMU-1, 0.2799 for DMU-2, 1 for DMU-3,  Therefore, it is concluded that future measures to
0.9500 for DMU-4, 0.2953 for DMU-5, 1 for DMU-6, enhance the operations of the Central Asian Ecomomi
0.1457 for DMU-7, 0.3654 for DMU-8, 0.7367 for DMU- Cooperation railway countries should include exjagd
9, and 0.5691 for DMU-10. _ the railway network, building new lines, and strieging
Examining the efficiency trends of each operatingooperation among regional countries. Additionally,
institution reveals a general increase over timbisT jmproving the transit transport and logistics systewill
improvement reflects the continuous efforts madéhlege pe essential. These measures have the potentiappmrt
institutions to enhance efficiency. However, ingifincies the growth of the Central Asian railway industry by
persist, primarily due to rising operating coste.réduce reducing operating costs while enhancing safety and
these costs and further boost efficiency, it isc@luto  service quality.
introduce digital technologies, improve energyasincy, According to the DEA analysis results, Mongolia
optimize operation management, utilize eco-friendlyould benefit from selecting appropriate benchnragki
technologies, and enhance infrastructure. By impteimg  targets to reduce operating costs and optimizeatipes
these measures, the railroad industry can operate Mo improve railway efficiency. Railway infrastruceu
competitively and sustainably, leading to increasegkpenses, train operating costs, and corporateheaer
profitability in the long run. costs are the three primary categories of experditu
associated with railways. The capital and mainteean
expenses for the track, engineering structuresh(sis
bridges and tunnels), signaling, communicationsesys,
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power supply, and terminal facilities are all irddal in the Envelopment Analysislournal of The Korean Society
railway infrastructure costs. The costs of fuelpower, for Railway, Vol. 12, No. 4, pp. 542-547, 2009.

rolling stock and locomotive depreciation or legsin [2] OUM, T.H., YU, C.: Economic Efficiency of Railays,
crews, terminal operations, rolling stock mainteserand and Implications for Public Policy: A Comparative

commercial expenses (such as freight booking) #re a Study of the OECD Countriegpurnal of Transport
included in train operating costs. Findings reuvbat the Economics and Policy, Vol. 28, No. 2, pp. 121-138,

Mongolian railway sector faces significant challesglue 1994.

to outdated infrastructure, rolling stock, and equent, [3] SHARMA, M.G., DEBNATH, R.M.,
which hinders profitability. It is necessary to @s¢ in OLORUNTOBA, R., SHARMA, S. M.: Benchmarking
railway modernization. Investing in extensive oedime of rail transport service performance through DBA f
upgrades to the railway network will improve eféiocy Indian railways,The International Journal of Logistics

while encouraging the modernization of critical Management, Vol. 27, No. 3, pp. 629-649, 2016.
components to overcome systemic issues. Expansiong4] HA, H., NA. J.,, CHOI, Y.. An Analysis of the

the handling facilities and transshipment actigitigard efficiency of China’s Railway industry with Data
areas, and railway infrastructure to optimize opens and Envelopment Analysis-Assurance Region (DEA-AR),
transit times and enhance service quality. It aéshuces Institute of East and West Sudies, Vol. 21, No. 1, pp.

maintenance over the years, increases safetynarehses 183-217, 2009.

capacity for the rail sector, resulting in more gegable [5] CANTOS, P., PASTOR, J.M., SERRANO, L.
and competitive services. This investment strengttibe Productivity, efficiency, and technical change e t
railway system and, subsequently, the economy by European railways: A non-parametric approach,
ensuring the seamless and faster movement of gowdls  Journal of Transportation, Vol. 26, pp. 337-357, 1999.
individuals. Moreover, Mongolia's railway sector'§6] KUTLAR, A., KABASAKAL, A., TORUN, P.:
sustainable development is expected to signifigantl Dynamic Efficiency Analysis of World Railway Firms:

influence rolling stock improvements and technatadi A DEA-Window Analysis with Malmquist Index,
innovation, attract international funding, and fié&ie Journal of Social Science, Vol. 15, No. 1, pp. 27-42,
investment in new railway projects. 2015.

A limitation of this study is that the data usedtle [7] LE, Y., OKA, M., KATO, H.: Efficiencies of therrban
study was not the most recent, but data from 5syago, railway lines incorporating financial performanaeda
so recent efficiency analysis was not possible.sTiki in-vehicle congestion in the Tokyo Metropolitan

because the open data of the CAREC railway sector Area,Transport Policy, Vol. 116, pp. 343-354, 2022.
released by the Asian Development Bank was puldishe [8] JI, W., QIN, F.: Temporal-Spatial Analysis ohi@iese
2021, but the data is from the previous year. Iditgmh, Railway Efficiency Under CO2 Emissions: A
there has yet to be a recent report from ADB. Aeoth  Malmquist-Network Data Envelopment Analysis
expected research topic in the future is a studgpatific Model, Sustainability, Vol. 16, No. 20, 9013, pp. 1-16,
strategies for Mongolia to reduce operating costd a  2024. https://doi.org/10.3390/su16209013

improve operating efficiency, and among the CARE(9] NIU, Y., LI, X., ZHANG, J., DENG, X., CHANG, Y.

countries that were compared and analyzed in thidys Efficiency of railway transport: A comparative aysb
benchmarking the efficient frontier or analyzing for 16 countriesJransport Policy, Vol. 141, pp. 42-53,
alternatives through AHP analysis would be effextiv 2023.
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