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Abstract: In order to compare the aviation network of mid-south, northwest and southwest of China to reveal the structure similarity
and difference for providing quantitative evidence to construct regional aviation network and improve its structure, hierarchical index
model of regional aviation network was established through dividing the aviation network into layers to research its structure
characters. Data matrixes were defined to record the basic state of regional aviation network. Index matrixes were constructed to
describe the quantitative features of regional aviation network. On the basis of these indexes, several structure indexes of all layers of
aviation network were calculated to show the structure features of aviation network, such as ratio of passenger volume within the
region with across the region, share rate of passenger volume among layers, ratio of average number of airline for each airport, ratio
of average passenger volume for each airline and ratio of airline rate. According to the statistical data, similar structure of share rate
of passenger volume among layers and average passenger volume for each airline in their regional aviation network was found after
calculating. But on the side of ratio of passenger volume within the region with across the region, ratio of average number of airlines
for each airport and ratio of airline rate were different.
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1. Introduction population was 200 million people in this area and the
gross regional product was 7.1 trillion RMB at the end
of year 2015. According to the statistics [2], by the
end of year 2015 there were 33 airports and 740

Mid-south of China includes Henan, Hubei, Hunan,
Guangdong, Guangxi and Hainan provinces. By the
end of year 2015 [1], the area was 1.02 million square o ~ ) .

] ) o ) airlines in the mid-south of China. There were 35
kilometers, the population was 390 million people in . o . .

) ] airports and 324 airlines in the northwest of China.
this area and the gross regional product was 18.9
trillion RMB. Northwest of China includes Shanxi,

Gansu, Qinghai, Ningxia and Xinjiang provinces. This

There were 44 airports and 564 airlines in the
southwest of China. Hierarchical index model of

L ] ] regional aviation network was proposed with data
area was 3.1 million square kilometers, the population . . . o
o ] ) matrix to record the basic states of regional aviation
was 100 million people in this area and the gross . . )
) L network and with index matrix to describe the
regional product was 3.9 trillion RMB at the end of i L
] ] . structure characters of regional aviation network. On
year 2015. Southwest of China includes Sichuan, ) ] ) ) ]
] ) ] ) the basis of reality data, hierarchical index model of
Guizhou, Yunnan, Xizang provinces and Chongqing i .
] ] o ) regional aviation network was used to analyze and
city. This area was 2.35 million square kilometers, the . ..
compare the structure features of regional aviation

network in mid-south, northwest and southwest of

Corresponding author: Yang Fang, Ph.D., lecturer,
research fields: transportation management, traffic and
transportation engineering. rate in each layer and average passenger volume of

China. Similar structure of passenger volume share
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airlines in these three regions was found. Obvious
difference about ratio structure of passenger volume
between within region and across region in different
layers was discovered. There was some local structure
difference about the average number airlines of each
airport and airline rate in all layers.

2. Hierarchical Index Model of Regional
Aviation Network

In Ref. [3], aviation network of southwest China
was divided into 5 layers. In order to show the key
features and be easy to compare with other regional
aviation network, three layers were used here to divide
the regional aviation network. The same dividing
points were applied here as in Ref. [3], but the third
layer, the fourth layer and the fifth layer in Ref. [3]
were combined as the third layer in this paper. The
airport whose annual passenger volume was more than
10 million people with its airlines consisted the first
layer aviation network. The airport of which annual
passenger volume was between 10 million and 1
million people with its airlines consisted the second
layer aviation network. The airport of which annual
passenger volume was less than 1 million people with
its airlines consisted the third layer aviation network.

Data matrixes D, D and D

within across

were

defined to record the basic states of regional aviation

network.
nweL T
D=\v;" L T, (1)
LT,
In Eq. (1):
D —basic states matrix of regional aviation
network;

Vki" —the number of airports in the layer k& of
regional aviation network, k=1, 2, 3;

L, —the number of airlines in the layer k of
regional aviation network, k=1, 2, 3;

T, —the annual passenger volume in the k layer of

regional aviation network, k=1, 2, 3.

L\I/vithin T{within
_ within within
Dwithin - L2 ]; (2)
L;vithin T;within
In Eq. (2):
D ... —the basic data matrix of airline and
within

passenger volume within the district of aviation
network;

L}fﬂhm —the number of airlines within the district in
the layer k, k=1, 2, 3;

nwjthm —the passenger volume within the district in
layer k, k=1, 2, 3.

Lizcross Ti across
_ across across
Dacross - LZ TVZ (3)
across across
L T3

In Eq. (3):

D, ... —the basic data matrix of airline and
passenger volume across the district of aviation
network;

L —the number of airlines across the district in
layer k, k=1, 2, 3;

T,/ —the passenger volume across the district in
layer k, k=1, 2, 3.

Lk — L;{vithin +L;I(cross (4)
Tk — T;{withiﬂ + T;(across (5)
Vin — Z I/kin (6)
k=1
v=y"4+py (7)

In Eq. (7):
) —the number of airports in the nation;
1 e« —the number of airports out of the district.
Indexes [, 1, and I .., were defined to
describe the

structure features and quantitative

relationship of regional aviation network.

VLA" LTA, LR,
I=|VLA! LTA, LR, ®)
VLA LTA, LR,
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In Eq. (8):

I —the basic index matrix of airlines of regional
aviation network;

VLA, —the average airline number of each airport
in layer £ in the district, k=1, 2, 3.

L

VLA, =
‘Vkln

)

where, LTA, —the average passenger volume of

each airline in layer £ of the district, k=1, 2, 3;

T,
LTA, =L—k (10)

3
where, LR, —the airline rate in layer k of the
district, £ = 1, 2, 3. It was calculated from the
number of actual airline in layer k& of the district
divided by the number of all possible airline in layer k&
of the district.

L
LR, =— km 2 (11
Ve -Vh+C

Tleithin L T Alwithin L leithin

within within within
Lin =| TR, t LT4, t LR, t (12)

TR3Withm LTA}WI'Z‘]’IM LR3Wiﬂ’lin

In Eq. (12):

wimin —the index matrix of airlines within the

district of regional aviation network;
i
TR} " __the passenger volume share rate of
airlines in layer £ within the district, k=1, 2, 3.

within
TR = L x100% (13)

k

where, LTA"™" —the average passenger volume of

each airline in layer k£ within the district, k=1, 2, 3.
within

T,

within
Lk

LTA]:Vithin — (14)

where, LR} "™ __the airline rate in layer & within the
district, £ = 1, 2, 3. It was calculated from the number

of actual airline in layer & within the district divided
by the number of all possible airline in layer £ within the
district.

o Lwithin
LR;/ e = in in : in 2 (1 5)
Vk : (V - K{ ) + CVkin

TR lacr 0SS L T la Cross LRIH Cross
[aCross — TR;CI‘OSS L T ;CVOSS LRzal" COSs (1 6)

TR;C}"()SS L T ;CV()SS LR;CVUSS

In Eq. (16):

1 —the index matrix of airlines across the

across

district of aviation network;

TR/ _the passenger volume share rate of
airlines in layer k across the district, k=1, 2, 3.

TRI?C"OSS — T;‘— x100% (1 7)

k
across
where, LTA"" —the average passenger volume of

each airline in layer & across the district, k=1, 2, 3.

across
L

across
L 'k

LTA™ = (18)
where, LR —the airline rate in layer k across the
district, £k =1, 2, 3. It was calculated from the number
of actual airline in layer k£ across the district divided
by the number of all possible airline in layer k£ across
the district.

across
L k

across __
LRk - Vin . Vout
k

19)

3. Hierarchical Data and Index Matrix of
Aviation Network in Mid-south, Northwest
and Southwest of China

Data matrix of aviation network in mid-south,
northwest and southwest of China was get from
the statistics [2]. Index matrixes of these regional
aviation networks were calculated from the data

matrixes.
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3.1 Data Matrix and Index Matrix of Aviation Network
in Mid-south of China

vir LT, 8 525 19718.6
D" =y L, T,|=|9 195 2783.9 |(20)
vie LT |16 97 586.1
L;vithin ]—iwithin 1 00 30922_
Di/l[t;li — L\;’ithin Tvzwithin — 58 937'2 (21)
L;vithin ]—v3within 37 2456 |
L;zcmss Y—Ivacmss 42 5 1 6 62 6 ) 4_
oS | s e | 2137 1846.6 |(22)
L(;CI‘OSS T;acmss 97 3 40‘5 |
VLA" LTA LR [655 376 033
IS =|VLA" LTA, LR, |=|21.7 143 0.11 |(23)
VLA" LTA LR | | 61 60 0.046
Tleithin LTAlwithin Lleithin
Ii/[[[;i — Tszithin LTAzwithin Lszithin —
TR;Vithin L TA3within LR;t'ithin
15.7% 309 0.44
33.7% 16.2 0.23 (24)
41.9% 6.6 0.094
TRlacross LT lacross L Rlacross
I;‘Z{r;i — TRzacross LT ;cross LR;rcoss —
TR:;lcross LT ;JCI"OSS L RSacross
84.3% 39.1 0.31
66.3% 13.5 0.09 (25)
58.1% 3.5 0.036

3.2 Data Matrix and Index Matrix of Aviation Network
in Northwest of China

vie LT, 3 189 73517
DN =\v) L, T,|=|7 111 2142.6((26)
v L, T,| |25 83 509.8

within
Ll

within
L2

within
L3

]’Iwithin 48
Tvzwithin — 33
]gwithin 49

DN—W —

within

across
Ll

across
L2

across
L3

]’{a(‘,)"OSS 141
]"ZaCI‘OSS — 78
Y;HCI’OSS 34

DN—W —

across

VA" LT4 LR [ 63
LT4, LR, |=|159

" =\ vid”
VIA" LT4, LR, | |33

within
TR,

within
TR

2

within
TR

3

L T Alwithin
LT, Azwithin
L T A 3within

N-W
Iwithin -

27.3%
55.4%
81%

across
TR

across
TR

across
TR;

L TAlaCV()SS
L TA;CI’USS
L T ;CI‘OSS

N-W
I across

72.7%
44.6%
19%

2004.5 |
1186.3
413

27

5347.2
956.3
96.8 |

(28)

389 031
193 0.08 |(29)
6.1 0017

within
LR
within
LR =
s =
within
LR
3

41.8 048
359 0.15
84 0.089

(30)

across
LR

arcoss | _
LR | =

across
LR

379 0.28
12.3 0.066
2.8 0.008

€2))

3.3 Data Matrix and Index Matrix of Aviation Network
in Southwest of China

vt L T 4 337 133854
V;" L, T| |31 184 10829
L ey 26412
Dfl_ﬁlfl/n _ vavithin Tz‘”’”hi” =149 1513.8 |(33)
L;vithin T3 within 80 695.1 i
L?CVOSS ]’IGCI‘()SS 245 10744‘2_
D =| L™ T |=| 97 8023 |(34)
L;zcruss ];across 104 3878 N
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VLA" LTA LR | [843 397 042
P =|VIA" LTA LR, |=162 159 0.082
VLA" LT4 LR | |59 59 0032
(35)
Tleithin L T Alwithin L leithin
]il—thlfz/n — Tszithin LTAzwithin LR;vithm —
TR}vvithin LTA;vithin LR3Within
19.7% 28.7 0.55
65.4% 309 0.14 (36)
64.2% 8.7 0.092
T Rlacross LT Alacross L Rlacross
Ii;:l; — TR;CMSS LT Zacross LR;rcoss —
TR}across LT 3across L R;cross
80.3% 439 0.39
34.6% 83 0.068 (37)
35.8% 3.7 0.021
4. Comparing of Aviation Network

Structure
Southwest of China

in Mid-south, Northwest and

The total connection way among components of

system was called system structure in system science
[4, 5]. Ratios among components of aviation network
were calculated to show the structure of regional

aviation network of China.

Table 1

The structure indexes in Table 1 were calculated by
index matrixes of three regional aviation network. In
Table 1, the ratio of airline passenger volume within
district with across district indicated the share rate of
passenger volume in each layer. The main passenger
volume of aviation network in each layer was across
district in mid-south of China. The main passenger
volume of aviation network in the first and second
layer was across district in northwest of China but in
the third layer was on the contrary. The main
passenger volume of aviation network in the first layer
was across district in southwest of China but in the
second and third layer the main passenger volume was
within district.

The index indicated that the passenger volume
across district was much more than the passenger
volume within district in these three regions. The
former was about 2.7-5 times than the latter. The
index T,:7,:T, recorded the ratio of passenger
volume among layers. It showed share rate of
passenger volume in each layer of regional aviation
network. The share rate of passenger volume among
layers was approximate in the three regions: the share
of the first was about 74%-86%, the share of the
second layer was about 12%-22%, the share of the
third about 2.5%-6.5%. These data
illustrated that the first layer undertook the main
volume. The index VLA":VLA) :VLAY indicated

the relationship between airport and airline. This index

layer was

Structure index of regional aviation network in mid-south, northwest and southwest of China.

Regional aviation

The ratio of airline passenger volume within district with across district

The ratio of passenger volume
in each layer

network Tleithin TR Tszithin L TRET TR;*ithin TR T:T,:7,

Mid-south 1:5 1:2 1:1.4 85.4%:12.1%:2.5%
Northwest 1:2.7 1:2 4.3:1 73.5%:21.4%:5.1%
Southwest 1:4.1 1.9:1 1.8:1 79.7%:13.8%:6.5%

The ratio of average airline number of The ratio of average passenger volume The ratio of airline rate in each

Regional aviation airport in each layer of airline in each layer layer

network VLA" VLAY VLA LTA, : LTA, : LTA, LR : LR, : LR,
Mid-south 3.0:1:0.28 2.6:1:0.42 3.0:1:0.4
Northwest 4.0:1:0.21 2.0:1:0.32 3.9:1:0.2
Southwest 5.2:1:0.36 2.5:1:0.37 5.1:1:0.4
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showed that the average number of airlines of each
airport in southwest aviation network of China was
more than other two regions in the field of ratio

structure of the  first index

LTA : LTA, : LTA,
airline with passenger volume in each layer. This
index was in the range of (2.0-2.6):1:(0.32-0.42). It
showed the similar structure in the aspect of the

layer.  The
indicated the relationship of

relationship between airline and passenger volume in
the three regions. The index LR, :LR,:LR, showed
the quantitative relationship in the field of airlines
aturability in each layer. This index indicated that the
airlines aturability in the first layer of southwest
aviation network of China was much more than the
other two.

Generally, there were similar structure in aspect of
passenger volume share rate and airline average
passenger volume in each layer of regional aviation
network in mid-south, northwest and southwest of
China. There were differences in aspect of passenger
volume share rate between within district and across
district in each layer of the three regions. There were
local distinctions in aspect of average airline number
of airport and airline rate in each layer of these

regions.
5. Conclusion

There were huge differences in aspect of geography
location, weather feature, population distribution and
economy development of the regions in mid-south,
northwest and southwest of China. Despite the
regional aviation network in different region and in
different scale, they had some similar features in
structure. The hierarchical index model of regional
aviation network was established to study the structure

characters of regional aviation network by dividing

the aviation network into layers, defining data
matrixes to record the basic states of aviation network
and setting index matrixes to describe the structure
features of regional aviation network. On the basis of
the former work, the ratio of passenger volume
between within district and across district in each
layer, passenger volume share rate in each layer, the
ratio of average number of airport in each layer, the
ratio of average passenger volume in each layer and
the airline rate in each layer were calculated to
illustrate the structure features of aviation network.
According to the calculation, there was similar
structure in aspect of passenger volume share rate and
airline average passenger volume in each layer of
regional aviation network in mid-south, northwest and
southwest of China. There were differences in aspect
of passenger volume share rate between within district
and across district in each layer of the three regions.
There were local distinctions in aspect of average
airline number of airport and airline rate in each layer

of these regions.
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