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Development of a Revenue Estimation Model for Expressway Service Areas
Using Generalized Linear Models with Gamma Distribution
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Abstract

Expressway service areas play a crucial role for road safety by addressing users' physiological needs and serving
as evacuation sites during emergencies. Accurate revenue estimation is essential for developing appropriate and
reasonable operational plans for these areas. However, predicting demand and revenue is challenging due to their
unigue characteristics: they are accessible only via expressways and are not the final destinations for users. Traditional
quantitative methods, such as the gravity model, often fall short in addressing these challenges. Previous studies have
proposed revenue estimation models, but they are difficult to apply during the planning stage because they rely on hard-
to-obtain variables, such as entry rates and detailed traffic volumes. To address this limitation, this study introduces a new
revenue estimation model for expressway service areas that uses easily accessible variables, making it suitable for use
during the planning stages. We developed three Gamma-distribution generalized linear models using revenue data from
182 service areas from 2017 to 2021, which yielded Bayesian Information Criterion (BIC) values ranging from 8,001 to 8226.
After evaluating the model's fit and verifying them with 2022 data, we identified the model with the best performance. Our
analysis indicates that variables such as traffic volume, total floor area, express bus transfer service area, and distance
to the previous service area positively impact revenue. Conversely, an excessively large gross floor area can negatively
affect revenue. The findings from this study are expected to provide valuable insights for planning service areas in future
expressway constructions.
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Table 1. Summary of previous studies related to service area
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Category Source Hat g:rrenne Analysis Factors affecting choice or revenue
Location of service area
5&0"];;;:'(%082%)1 D) 2009 afg?tgirs Facilities of service area
9 Y Merchandises
Factor of —
choice Direction of expressway (South or north/East or west)
Kim (2014) 2013 Multlplle Average daily trafflt_: _
regression Distance from previous service area
Distance to next service area
Panel Average daily traffic
Kim and Lee (2013) 2005-2010 analsi Whether have gas station or not
Y Area of service area
Multiple Traffic of expressway
Shin and Hong (2018) 2014 i resgion Traffic entering service area
e Number of parking lots
Revenue
Area of site
Area of facility
Leeetal (2019) 2013 Correlat!on Number ofparkmg lots
analysis Average daily traffic

Number of customers
Revenue per customer
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Figure 1. Locations of service areas used in the study
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Table 2. Variables and their sources used for multiple regression analysis

Variable Unit Source
o K Service Area
Dependent REV Revenue of each year 100 million KRW OO Member of Parliament
% Annual average speed of section
08 where each service area is located kil ” -
. xpressway public data
Traffic Annual average daily traffic of pogap e
AADT*™  section 1,000 vehicles
where each service area is located
. 2 Korea Expressway
SA Site area 1,000 m Corporation (2018)
SASQ Site area squared = Authors’ calculation
Area™ Seumteo:
TFA Total floor area 1,000 m? Construction information
system®
TFASQ  Total floor area squared = Authors’ calculation
BIDIR Bidirectional service area 1=Bidirectional gg?ggg%ﬁ?gg%)
TRANS Service area where can transfer 1=Transfer Korea Expressway
express bus services - Corporation (2018)
- o Korea Expressway
TRUCK  Service area specialized for trucks 1=For truck :
Attributes of P Corporation (2018)
Service area REG Service area that sells regional 1=Sell regional ~ Korea Expressway
Independent products products Corporation (2018)
SIG Whether have signature dish T=Have ngt;e;sway public data
Whether have both gas station and _ Expressway public data
GSTN LPG station 1=Have both portal®
) «  Distance to previous service area Authors’ calculation
D;ﬁtance 0 GISH (0 if no previous service area exists) K based on data provided by
other service
. DISTN*  Distance to next service area km Korea Exprecs)sway
(0 if no next service area exists) Corporation
Reol GWN Whether located at Gangwon area T1=Gangwon
egion
dur?nmy YNM Whether located at Yeongnam area 1=Yeongnam
(Ref =Seoul Whether located at Chungcheon
Metropolitan ~ CCG area 9 9 1=Chungcheong
Area)
HNM Whether located at Honam area 1=Honam Authors’ calculation
2018 1=2018
Year dummy 2019 1=2019
(Ref=2017) 5020 1=2020
2021 1=2021

* In case of the first or the last service area of the expressway, the average value of the expressway where the area is located was used In case of
bidirectional service area, the average of upbound and downbound was used.

** |n case of bidirectional service area, the sum of upbound and downbound was used.

** The variables were mean centered before raising.

a) http://data.ex.cokr/ b) https:/cloud.eais.go.kr/ c) https:/www.ex.cokr/

§ ol% mak jzolo] Ho| RS FE AR ANHALH@  ZEE AT

Bl oRA, 013), 718%A B4 At ojREe) FAML F Aok FANS
48 B3t Aoz Yolujo] HE By Aosldch o = lEgic,
BHIPG FHATH F940k W) 92 whe) FALY) §olBe) o YL ulXE He
40 912 uo] golEnri B A0 dpEo], & A4

116 "REAR, H59H M3 (2024)

U A9 s

BE B

i R

42 QAste] Byl F71st
B FAldE A oF 74.3%2
o] Qof] AT AA ufEH E=
2 g2l S5FAL o8, 5
AR T T FALE &4,

ol Ao
A& A=
E4xbE ol
- & FALC] ATE 5

M



4ot BE GLME &8 142 F4 SN 8 o Y

YRR 3718190 vt 2 A&7 ARI%E A 24 o)
ZYo] WA AEE r|RieR A5t B8-S =313

A

2

HI

2 AtolMs EER FA A mjEA S 8817 fst] &
up B2 Hsl A% 2¥(Gamma Distribution Generalized
Linear Model)& 283}, Q¥ Ay 232 LWL ES
BE2E wErhs 7Hdst] BeE F7HMcCulloch et al.,

2011), Q¥ A Bl 9] ASEE BE 3 gut BEE o
o A48 FOR THIE ALSABREE, hEol} 409} 2

o] 29| 72 7H & gle Wi B¥ S A58 1 FE AgE
THSwan, 2002; Kimms and Muller-Bungart, 2007 Oliveira
etal, 2013), & A9 T IEEE FA A9 A&y
EZH2 & 7H 4 gle o e Zup B3 ISt Y 239 3
o] A3t Ao 2 AZEr, 3, A3 - 0|34 (2013)3 2ol
g 48 3T 97 Ao, 2 979 B2 FAY
A2 &9 A S AYsaLA) ks Aolng AE 9
“(out-of-sample estimation)®| %2t} §o[3Hes Zu} B
NS A 23S 2T 24 oz Asisin 239 24
ofi= R ZE8 7 2109 glm 7| A& AL,
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Table 3. Result of descriptive analysis

9% 82 o2 Pk AL 2017'9-202199) 7= dlo]
B & 883t A 239 A5 7451, BIC 312 883l F
20| ¥ B 2HE FFHoE Y}, BICE AR o|E9 7%t
= € 2% 7IECE, W25 8 PR £4do| A3 By gt
E7hH 22 A& 9vlghcHYan and Su, 2009; Montgomery
et al,, 2021). olE¥ EAS BF(XF Ws 27 A9 7|E
o2 Efsto] 7MY W2 BIC 94 7 23& Agd + 3l
o oo 2, 239 A5 ) AREA 2 202219 Hlo]
B E B85t 239 o H45E Bk oI5 $18l, Mean
Absolute Error (MAE, W& Adl 23)2 Root Mean
Squared Error (RMSE, B Al 24} ghe ARgsich 3
Aol A ARt 239 45s HE 239 45 vlasia,
I 29| 2T A o 1LE HHd § 2F 2F2 AR

i

Iv.

M 2

1. ois M 2 2 Fnt

2ot RE kst A 2P B AN A PR A4
cigh 714 BAE AT EIGE 3), S v} ool 2he] At
A% LHSAE 4. FALY QoA SEoke 2 4
Aol YL B, $AHY, Qe o) vl

)

Variables Unit Min. Max. Mean S.D.
Dependent REV 100 million KRW 365 30567 6514 4410
. SPD km/h 7827 111.21 9884 578
Traffic -
AADT 1,000 vehicles 374 138.38 2339 18.37
SA 1,000 m? 408 11419 4158 19.69
Independent  Area®
TFA 1,000 m? 099 832 355 126
Bisianosis DISTP km 8.00 70.00 3363 1155
other service areas DISTN km 8.00 74.00 3363 11.75
a) The values are measured before mean-centering | (N=881).
Table 4. Pearson correlation coefficient of continuous variables
REV SPD AADT sA? TFAY DISTP DISTN
REV
SPD -0.313**
AADT 0.663 *** -0.572%*
sA® 0.114%=* 0.159 %= -0.031
TFA? 0.627 *** -0.185™* 0.333 % 0.381 **
DISTP -0.155** 0.249 %= -0.323%* -0.017 -0.162 **
DISTN -0.194 *** 0.221 = -0.252** 0017 -0.175%* 0.304 **

*p<0.05, ¥ p<0.01, %< 0.001
a) The coefficients were calculated before mean-centering.
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A 2E mrofA] 2] AA(likelihood ratio test)d} L= 7
(wald testh> 25 0.001 FE0llA F-23 A o2 Vet 2d
9] Fojdol= BAPT e ALR ERIFIL &3 VIF 3=
BHE 239 BE HpolA 5 ujites e fE5SAAHY &

A7E 92 & 4= UM BIC g2 AW} dHzAlE W
g T3] 2y 30] 8,000,852 71 WA Uehdt, 29 38 27
o FH o AYSIAt. 2 3& 7SR FATE 5%
ouioflAl FAL AviEdel] SAXCE Fofvitt FFE vIA
£ 8YS A R o33 gk

A, S duilEde] fefuidt 3] AT, SHF
AufiE Al oot Fel FFL viAE A= BH=EI 4
WA FAolAME Sk AviEdol 22 Al A A

Table 5. Summary of Gamma distribution generalized linear model analysis results

Model 1 Model 2 Model 3
Variable
Estimate Std.err Estimate Std.err Estimate Std.err
(Constant) 3538™* 0324 2687 0351 3.754™ 0316
. SPD (km/h) -0.002 0.003 0.003 0.003 -0.002 0.003
Traffic AADT (1,000) 0018™ 0001 0.026™* 0001 0.019** 0001
SA (1,000 m? -0.001 0.001 0.004"* 0001
b SASQ 0.000 0.000
TFA (1,000 m?) 0218 0013 0265 0015
TFASQ 0.036™  0.006
BIDIR (1=Bidirectional) -0.098 0.097 0.238* 0.105 0.042 0.097
TRANS (1=Transfer) 0372 0075 0576"*  0.081 0350 0074
TRUCK (1=For truck) 0151% 0052 0.011 0.056 0.186™ 0051
Attributes of s 0142"* 0029 0213 0031 0127** 0028
service area (1=Sell regional products)
g':GHave sqrature ish) 0068 0.050 0208 0054  -0.067 0053
SfJE‘P%:STg‘;;gan‘)’th gas 0018 0031 0023 0034 0010 0030
Distance toother  DISTP (km) 0.004** 0001 0.005*  0.001 0004* 0001
service areas DISTN (km) -0.002 0.001 -0.003 0.007 -0.007 0.001
GWN 0073 0.069 0271%* 0074 0.062 0.066
Region dummy z ) 5
(Ref =Seoul YNM 0.147 0.058 0230 0.063 0.139 0.055
mgg)opo"tan CCG 0.117* 0.057 0.192* 0.062 0.105 0.055
HNM 0207 0066 0244 0072 0233** 0061
2018 0.009 0.041 0015 0.044 0.010 0.040
Ve 2019 0.029 0.041 0.025 0.044 0.030 0.040
(Ref=2017) 2020 0268™*  0.041 02617 0044 -0266™  0.040
2021 0373% 0042 -0.365"* 0045 0375™ 0041
Cox-Snell R? 0648 0.563 0.661
Likelihood ratio test 920.80%* 72876 954.19%*
Wald test 83.46™* 65.39"* 86.85"*
RMSE 3292 65.63 2816
MAPE 4170 50.08 40.18
BIC 8034.24 8226.28 8000.85

VIF in &ll models are lower than 5, * p < 0.05, ** p < 0.01, ¥* < 0.001
a) The variables were mean centered.
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Figure 2. The Kernel Density Plot of difference between ground truth and estimation (left: Validation, right: Test)
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Table 6. Validation result

Index Model 1 Model 2 Model 3
MAE* 18.01 21.91 17.43
RMSE™ 26.75 5097 2470

* Mean absolute error
** Root mean squared error
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