Chapter 5

ANALYSIS OF DATA

Evaluation of Arrival and Departure of Intermatiomal Aircrafts at Bang-

kok Imternational Airport

According to status of Bangkok Imtermational Airport being an
air traffic centre for South East Asi# s day to day activities here
are very busy . Most of flights are commercial flights which mean sere
vices for passengers and freight have to be provided here , with enough
level of service and shortest working time , for 24~hr, flowing of
flights . To study the arrival and departure of such flight will help
the plamming for service of both passengers and freight which the latter
requires more work and more service time for ground handling ., For ar-
rival and departure of domestic commercial aircrafts ¢ flights are pro=-
vided by only single airlines , Thai Airways , with daily scheduled
flights that are for this study is 24-hr. flow of aircrafts during

loth 6ﬁh

-1 Ocﬁober=, 1977 « This data is comsidered to be adequate for
the study since the airlines provided flights here have their circula-
t¥ion of schedulimg in a week , Table 5s1 and Table §.2 are such data
recorded at Bangkok Intermational Airport  The tabulations show number
of arrival and departure of aircrafts in each hour interval for seven

days of recording .



Table 5,1

Bangkok International Airport » October 1977

Arrived number of international aircrafts at

e ® | Mon'| Tus'] ved | ma { vei | sue | s Mean | Total
0600 - 0700 1 1 2 - 1 1 1 1 7
0700 ~ 0800 - - - - ~ 1 - Hea, 1
0800 = 0900 - - - - 1 3 1 0.71 5
0900 -~ 1000 g . 5 2 3 7 3 4 4429 30

1000 - 1100 4 5 5 6 2 1 6 4,14 29
1100 = 1200 5 2 4 6 1 1 - 2.0 19
1200 « 1300 4 4 4 3 3 3 2 3429 23
1300 - 1400 1 1 3 2 1 2 g 1.57 11
1400 - 1500 2 4 1 ) 2 1 4 2,29 16
1500 - 1600 3 2 2 2 3 2 4 2.14 18

- 1600 - 1700 3 2 5 3 ‘2 2 3 3414 e
1700 ~ 1800 5 1 4 5 2 4 6 | 3,86 27

1800 - 1900 2 8 4 4 4 4 4 | 4.29 30
1900 -~ 2000 . 3 3 4 3 6 2 4 3«57 25

2000 -=-2100 5 X 1 6 2 7 3 %57 25
2100 - 2200 2 ) 2 2 2 1 1 1.86 15
2200 =~ 2300 3 2 4 - 3 5 2 2 19
2300 = 2400 - 2 1 - 1 2 1 1 7
2400 - 0100 1 2 1 - 1 2 2 1.29 9
0100 - 0200 | 14 ? 4 4 3 5 3 3471 26
0200 -~ 0300 : 2 - 1 - 2 3 1,14 8
0300 ~ 0400 1 - 1 - - 1 - lowas. | =
0400 - 0500 2 1 - - - e 0,43 3
0500 -~ 0600 - - 1 - - & 0.43 o

Mean 20291 2429 [ 2,25| 2,29 | 1,96 2.,35]] 2.38
Total 55 55 54 55 47 57 57 379
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Téble 22 Departed number of intermational aircrafts at

Bangkok International Airport , October 1977

‘\\;;;;\*Eifi\k Mon | Tue | Wed | Thu ,Fri Sat Sum | Mean Total
0600 = 0700 - 3 - - - P - Nea, 4
0700 - 0800 - 1 1 - - - | 0443 37
0800 - 0900 5 1 4 - 1 2 2 1 2,34 15
0900 - 1000 3 3 2 2 3 3 3 | 2,7 19
1000 - 1100 2 4 3 4 8 6 6 | 44721 33
1100 - 1200 6 9 3 2 2 3 3 4,00 28
1200 - 1300 6 > 6 7 1 1 31 3,71 26
1300 - 1400 b 4 3 5 3 3 2 3.29 23
1400 - 1500 1 1 3 1 - 2 1 | 1,29 9
1500 - 1600 2 4 A 2 3 2 3 | 2,29 16
1600 - 1700 3 2 3 3 1 2 5 | 2,71 19
1700 - 1800 2 2 4 4 3 1 3 | 2. 19
1800 - 1900 3 1 1 2 1 1 2 | 1,57 11
1900 - 2000 1 5 4 6 1 4 3 | 3,43 24
2000 - 2100 1 2 4 1 7 - 2 | 2,43 17
2100 - 2200 4 1 3 5 2 3 2 | 2,86 20
2200 = 2300 4 1 1 4 4 5 3 & 3.14 22
2300 = 2400 3 2 4 1 2 3 1 2,29 16
2400 - 0100 1 1 2 2 2 1 3 | 1.71 12
0100 - 0200 - 1 o & 1 “ 2. 49,57 4
0200 - 0300 4 1 5 3 2 5 1 -%v3,00 21
0300 - 0400 1 3 - 2 1 2 3 Fi.mn 12
0400 - 0500 1 o W 1 3 1 2 1an 5
0500 - 0600 1 o 1 = - o 2 | 0,57 4

Mean 238 | 2425 | 2,38 2,42 2,00 | 2,13 | 2,38
Total 57 54 57 58 48 51 57 382
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Frem Table 5,1 and Table 5.2 , distribution of arrival and de-
parture of aircrafts at this international airport are classified and
displayed as interarrival and interdeparture time and the frequency and
probability of both arrival and departure are also shown in Table 5,3
and Table 5,4 + Maximum number of aircrafts in an hour is eight and
nine for arrival and departure respectively . From tabulated data , cu-

mulative probability curves of arrival and departure of aircrafts are

drawn as shown in Figure 5,1 and Figure 5,2 .,

Table 5.3 Probability of interarrival time

Noe, of . Interarrival T p—

aircrafts time Frequency

o L T (minuteh) Frequency | Probability
8 60/8 Ts5 1 1 0,01
T 60/7 845 2 3 0,02
6 60/6 10,0 6 9 0,06
5 60/5 12,0 12 21 0,15
4 60/4 = 15,0 23 44 0,32
3 60/3 20,0 20 64 0,46
2 60/2 30,0 35 99 0,12
1 60/1 60,0 39 1%8 1,00




i

Table 5.4 Probability of interdeparture time

No, of ':Inﬂerdeparture Owiidaddve

aircrafits time Frequency

PR e (minutes) Frequency Probability
9 60/9 = 6,6 1 1 0,00
8 60/8 & XK 1 2 0,01
T 60/7 = 845 2 4 0,03
6 60/6 = 10,0 6 10 007
5 60/% = 12,0 8 18 0,412
2 60/A = 15,0 16 34 0424
2 60/3 = 20,0 34 68 0.48
2 60/2 = %0,0 34 102 071
1 60/1 = 60,0 41 143 1,00
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From cumulative probability curwes of both interarrival and in-
terdeparture time , shape seemed to be as Exponential Curve which the

equation of this type of curve is writtem as eq.(1)

-%
Pn(t) = 1 - e . EEEEREEREX] (1)

According to eqe.(l) the probability of mon-anrival and mon-depar-

- ture aircrafts inm any period may be writtem as

Py (%) = 1 - Pm('lt)
% (1 - &)
& e.-'At sesvessne (2)

Hence , from the theory of Pure Birth Process , probability of

mw arrived or departed gircrafts may be found Yy eq.(3)

— 4
Pn('b) = Q"'L_e'—: EEEEERRE) (3\

m! a

which is as Poisson Distribution with A is equal to rate of arrival or

aircrafts seem to be small during 0300 -~ 0800 which may be neglected in

estimation of aircraft moving . TablerS;B and Table‘5;6 are the illus-

trationm of distribution of arrival by comparing between actual and theo=-

ritical and also Table 5.7 and Table 5,8 are vespectively accordimg to

departure . Figure 5,3 and Figure 5.4 are the display of both compari-

sons which are quite closed between actual and theoritisal ,




Table 5, Estimation of A-pavameter for arrival
lable 5.5

aircrafits
No. of
aircrafts Frequency Cumulatiwve £ 4

in 1 hr, (fi) frequency 33
(4;)
0 11 i A 0
: S 24 35 24
2 34 69 68
5 20 89 60
4 23 112 92
5 12 124 60
6 6 130 36
7 2 132 14
8 & %5 8

Total 133 362

74
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To find estimated walue of 3

R e S
T
- 262
i 430
= 2,72 aircrafts/hr,
Then , 2 is substituted in eq.(3) as
-2 m
P_(%) = 2.A
E53 m!
and the result is as follow g
ne0, BP0 N 212 = | 0,0659
‘_2.72, x_ E
w1 P, (%) = e 1=r!(2.72) - 0.1792
' ~2,72 >
w8, P, (%) = s 2"!(2'72) = 0.2437
' -2, 72 . S
n = 3 9 Ps(t) = 2 31(2'72) - 002209
| ~2,72 4
A P,(t) - e 4;;(2.12) = 0.1502
‘ “‘2{72 5 ;
m=5, P () = s 5’;(2.72) = 0,0817
| o g - S .
n=6, Pc(t) » e GT(Z'ZQ) = 0,0370
: 2,72 7 5
=17, P (%) i e /’:(2-72) = 0,0142
' g T gad® . - wooode

n=8 9 Pe(t)

]
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Table‘ 51 Estimation of A ~parameter for departure
aircrafts
No. of
aircrafts Frequency Cumulative r
in 1 hr. (fi) frequency %A
()
0 & 8 0
: & 30 38 30
Zz 30 68 60
7 31 239 o
4 16 115 64
5 8 25 40
& 6 129 36
7 2 131 14
8 1 132 8
9 1 133 9
Total 133 354




To find estimated value of ™ .

Then , A is substituted in

and the result is as follow ;

P_(#)

Py (%)
P, (%)
P, (%)
(%)
P4(t)
Pe(t)
Pg(t)
P (%)
Ps(t"‘)

Pg(t)

it

78

il
zf,
224
153
2,66 aircrafts/hr,
-A 10
e A
m!
=266 . 0.0699
-2, 66 X
5 2466 .
1:( ) - 0,1861
2,66 '\ 2
2,6
={2.660)" 4 o
2,66 e
_ x (2,66 A
e _,( ) = 0,2194
2,66 o &
e 4:(2.66) _ 0.1459
"2.66 5
e 5?(2.66) e 0.0776
=266, 6
e ° 2,66 , 3
,j( S
-2 66 7
;!(2°66> . 0,0131
“ w G 8
e "' x(2,66
8!( ) - 0,0043%
o266, (5 gg)9 . $ it
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Table 5,9
No, of Theoritical Actual = 5
airerafts frequency frequency (ft - fa)z (£, = fa)
in 1,hr, £ T, Ty
0 1l 8.76 5,02 0,46
1 24 23483 0,03 0,00
2 34 32441 253 6440
3 20 29,38 87.98 4440
4 2% 19.98 9,12 0,40
5 1.2 10,87 1,28 O Xk
6 6 4492 1.17 0,20
T 2 1,92 0,01 0,00
8 E 0.65 Oel?2 Oel2
Total 12,09
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Téble 510  Evaluation of X?~test for departure
No, of Theoritical Aétual . : 5
aircrafts frequency frequency (ff_- fa)2 (fﬁ:-'fa)
im 1 hr, 2, £ £y
0] 8 9430 1,69 0,21
1 30 244775 27.56 0.92
2 30 32492 8453 0,28
5 3X 29,18 3031 0,11
4 16 19.40 11.56 0.72
5 8 10,32 538 0.67
6 6 4.58 2,02 0e34
7 2 1.74 0.07 0.04
8 1 0.57 0.18 0,18
9 i 0,17 0,69 0.69
Totai - 44,16
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From the assumptiom that flow of both arrival and departure are
according to Poisson Distribution s testing the significance of fitting

the model are provided next ,
Testing significance of the model

There are many methods of such testing which one is selected here

is chi=-square . The value of chi-square ,‘kz is as follow j

NP
%2 = (ft > fa)
fﬂ}
where ft = theoritical value
fa = actual walue

Values of %? for arrival and departure of aircrafts at Bangkok Inter-

mational Airport are evaluated as shown in Table 5,9 and Table 5;10 °

For arrival with degree of freedom = n -~ 1
= 8
K2 15,507 x2 12,09
(0+05) - * > test " o

and for departure with degree of freedom = 9
"2 o 16,919 > %2 S 4,16
(0,05) R test ‘

50 4 from the result of significance test y both arrival and departure
of aircrafts at Bangkok International Airport are as Poisson Distribu-

tion as that assumed ,
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Bvaluation of Air Freight Quantity to be Handled Per Each Flight

It is known that aircrafts play important role in international
flights today are more moderm and more capable for loading . Such huge
aircrafts as B=T4T7 has the capability of more than thirty tons for lo=
wer deck loading . Another types of aircrafts widely used by airlines
today are mostly able to fly with loading of more than thirty tons of
air freight . But such large quantity of air freight to be handled at
this intermational airport has not much frequency of occurring . Only
all=freight flights éutward of fresh fruits and vegetables that pro-
vided such large quantity of air freight here , For loading and un=-
loading of air freight it seems to be some imbalance betweem both di-
rections of handling , Volume of loading air freight is quite larger
than that of unloading and volume per each flight seem to be the same
caée » From the record in observation period during Monday 1oﬁh-
Sunday 16th Octobexr 4 1977 4 the result from evaluation of such data
do not be held as those of most air freight since the variations of
freight quantity occur many times a year . Though s the result from
this study may be used as a guidance concerning handling of air freight
and the other work in this field ., The evaluation includes both inter=
national and domestic flights which the distributions of volume of air
freight handled per each flight are determined . Collected data of vo-

lume of air freight per each flight are as shown in Appendix D=1 " D-? &

D=3 and D=4 ,
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For international flights , volume of 0-500 kg, per flight awe
about 30% for loading and 50% for unloading respectively . This size of
volume seems Ho be very little: compared with the capability for loading
of air freight of commercial aircrafts today . From the result of deter-
mination the distribution of volume in Table E.il amd Table 5,12 4 mean
volume of loading and unloading are 2,1%0 and 1,516 kg. respectively .
Both volumes are nearly equal to Toth percentile volume of the cumula=-
tive weight as indicated in Figgre"i.b and Figure 5,8 + The histograms
of volume distribution of hoth loading and unloading are also shown in
Figgre'i.ﬁ and Figure 5,7 which such display shown nearly the same
figure of distributiom , For domestic flights as aircrafts used are only
single type with stable loading capability , size of loading and un-
loading of air freight per flight are not much different , Grouping of
volume size are as shown in Table 5,13 and Table 5,14 which they indi=-
_cate that the imbalance of inward and outward flow of air freight is
about 1:4 for inward and outward respectively . From the evaluation ,
mean value of air freight loaded per flight is %63 kg, and 96 kg. for
unloading . Such imbalance seems to be a big disadvantage in economical
reason . The returnming flights with only passengers and a few volume of
air freight or sometime empity space for area of loading are increasing .
Therefore , improvements have to be done urgently . Lower rate of trans—

portation or more advertising may make it better than now .
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Table 5,11 Grouping of volume of air freight , kg, loaded

om each international flight during Monday 10th- Sunday 16th October ,
1977

Volume Groups , kg. Frequency Cumulative £ X
Lower [Mid Point| Upper ik
Limit Xi Limit fi Freguency| Percent

1 250 500 97 97 32,1 244250

90l 750 1,000 52 149 49.3 39,000
1,001 1,250 1,500 26 175 5749 32,500
1,501 1,750 2,000 25 200 66,2 43,750
2,001 2,250 2,500 16 216 T1.5 36,000
2,501 2,750 3,000 11 227 7542 30,250
55001 35250 34500 2 230 7642 95750
3,501 3,750 44000 7 237 7845 26,250
4,001 4,250 4,500 5 242 80,1 21,250
4,501 4,750 5,000 8 250 82.8 38,000
5,001 54250 54500 3 259 85.8 475250
54501 53750 6,000 5 264 8T+4 28,750
6,001 6,250 6,500 8 22 90,1 50,000
6,501 6,750 75000 2 274 9047 13,500
7,001 7,250 7,500 0 274 90.7 0
7,501 7,750 8,000 4 278 92,0 31,000
8,001 8,250 8,500 T 279 92,4 8,250
8,501 8,750 9,000 4 283 93T 35,000
9,001 95250 94500 0 283 9347 0
95501 9;750 | 10,000 3 286 94,7 29,250

10,001 10,250 10,500 0 286 94,7 0
10,501 10,750 11,000 0 286 9447 0
11,001 11,250 11,500 1 287 95.0 11,250
11,501 11,750 12,000 0 287 95,0 0
12,001 12,250 12,500 1 288 95.4 12,250
12,501 12,750 13,000 2 290 9943 25,500
13,001 13,250 13,500 0 290 903 0
13,501 13,750 14,000 0 290 9943 0
14,001 14,250 | 14,500 1 291 997 14,250
14,501 14,750 15,000 1 292 100,0 14,750
b3 292 : 622,000
Mean Volume , ] = :‘fiXi
n
622,000 " 2,130 ke.

e 292
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Table 5.12 Grouping of volume of air freight s kg, unloaded
from: each international flight during Monday 1oth- Sunday 161;h Octiober ,
1977

Volume Groups , ke Freguency Cumuvlative £ X
Lower |Mid Point Uppexr 1
Limit X i Limid £ i Freguency| Percent

: 250 500 129 129 48,7 324250

501 750 1,000 28 157 592 21,000
1,001 1,250 1,500 37 174 6547 21,250
1,501 1,750 2,000 15 189 T3 26;250
2,001 2,250 2,500 11 200 7545 244750
25501 2,750 3,000 18 218 82,3 49,500
2001 3,250 3,500 9 2217 8547 29,250
32501 3,750 44000 8 235 88,7 30,000
4,001 44250 44500 6 241 90,9 25,500
4,501 4,750 54000 5 246 92.8 234750
5,001 54250 5,500 8 254 9548 41,600
53501 54750 6,000 5 257 9740 17,250
6,001 6,250 6,500 2 259 9T+7 12,500
6,501 6,750 74000 1 260 98,1 6,750
7,001 74250 7,500 1 261 98,5 75,250
T+501 T, 750 8,000 2 263 99,2 15,500
8,001 8,250 8,500 0 263 99.2 0
8,501 8,750 9,000 2 265 100,0 17,500

= 265 401,850
Mean Volume , X = zfi-xi
n
= 01,850 = 1,516 kg,
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Table W TER Grouping of volume of air freight loaded

on each domestic flight during Monday 10*. Sunday 168 October , 1977

Volume Groups , ke, Frequency Cumulative £ X
Lower Mid Point| TUpper 1
Limit Xi Limit fi Frequency| Percent

il 25 50 6 6 10,9 150
5, 75 100 4 10 18,2 300
101 125 150 5 15 2743 625
151 175 200 2 17 30,9 350
201 225 250 0 17 30,9 g
251 275 300 6 23 41.8 1,650
301 225 350 5 28 5049 2,625
351 215 400 . 31 5644 15126
401 425 450 3 34 61,8 1,275
452, 475 500 4 38 69,1 1,900
501 525 550 6 44 80,0 3,150
294 i 600 5 47 8544 1,725
601 625 650 2 49 89,1 1,250
651 675 700 1 50 90.9 675
T01 125 750 1 ol 92,7 725

751 115 800 4 o) 94.5 175

801 825 850 == 53 96.4 825

8751 875 900 > 54 90,2 875

901 925 “950 0 54 98,2 0

951 975 1,000 1 55 100,0 975

z 55 19,975
Mean Volume , 4 = * fiXi
-
- 12,975 = 363 kg
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Téble Seld Grouping of volume of air freight s kgo umloaded

from each domestic flight during Monday 1oth- Sunday léﬁh October , 1977

Volume Groups , kg, Frequency Cumulative £ X
Lower | Mid Point Uppex s
Limit Xi Limit fi Frequeney| Percent

4 10 20 4 4 849 40

21 30 40 12 16 3546 360

41 50 60 4 20 4444 200
61 T0 80 - 22 48,9 140
81 90 100 4 26 578 360
101 110 120 2 28 62,2 220
121 130 140 4 T 11l 520
141 150 160 2 34 TH <6 300
161 170 180 3 37 82,2 510
181 190 200 & 43 95,6 1,140
201 210 220 0 43 95,6 0
221 230 240 1 44 978 230
241 250 260 0 44 978 0
261 270 280 0 44 97.8 0
281 290 300 0 44 9.8 0
701 310 320 3 45 100,0 310:
& 45 4,330
Mean Volume , X w . R Lyhy

45530 = 96 kg,
45

]
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Fluctuation of Air Freight Flow

For air freight according to internmational flights , both loaded
and unloaded , frequency of flights seem to be very few during the period
of 0300~0800 and this means less important volume of air freight during
this period . So , recorded data during 0300-0800 is neglected in the
determination of hourly flow of air freight for international flights ,
For domestic flights as only a single airline , Thai Airways Co.Ltd,,
provides the service , the evéluation of hourly flow is not important
since the fluctuation of flow seem %o be not much as that of interna=~

tional flight , Table 5,15 and Table 5,16 are recorded data of hourly

flow of air freight according to international flights att Bangkok In-~

ternmational Airport during Monday o™, Sunday 16th October 4 1977 . Data
in both tables are grouped by neglecting the said period and mean values
of hourly flow of loading and unloading are about 4,200 and 2,860 kg,/hr.

as indicated in Table 5,17 and Table 5+18 respectively , Cumulative pro-

bability hourly flow of loaded and unloaded alr freight from grouping

and evaluation in both tables are drawn in Figure 5,13 , From cumula=-
tive curves , probability of occuring such mean values of hourly flow

are equally about 0,7 ,

Fluctuation of hourly flow of air freight to be handled on each
day of a week is quite an interesting matter , As it is known that most
volume of air freight here depends on scheduled flights s big volume of
air freight according to important flights may repeatedly occur at the

same time in a week . From a single week observation of such data , the
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fluctuation of hourly air freight flow from and to this international
airport vary each day . Diagrams showing the fluctuation of hourly flow
of air freight during Monday 10th- Sunday 16th October , 1977 are drawn

in ?igure 214 = 5.20 respectively , however , this representative may

not be accurate as that of arrival and departure of airerafts , It is
known that density of air freight traffic depend om the seasonal produc=

tion and need of consumer which are both not vary in a week ,

From the diagram we may see that dense loading and unloading
often<occur at different period . For loading most busy period occur
during 0800~1200 and 2000-=2400 and for unloading such period occur du-
ring 1600-2000 , Table 5s19 is the summary of peak-hour traffic ’ déily
volume and mean-hour traffic of the recording period . From this set of
data the average peak-hour may be established by taking the average of
seven peak-hour volumes recorded during this period . The average peak=
hour for loaded cargo is estimated as 19 tonnes or about 2%% of average
daily loading 4, and for unloaded cargo as 14 tonnes or equally about
23% . The combined average peak-hour for loaded and unloaded cargo is

about 22% of the average day .

For fluctuation of air freight flow by day of week , the display

is as shown in Figure 5,21 , Volume of loaded cargo gradually declines

from peak=-day on Tuesday untill Sunday which has the lowest volume of
loading , for unloading cargo Saturday and Sunday seemed to be the
heaviest days . The busiest day for combined loading and unloading was

Tuesday
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Table :.;57 Leaded volume of intermatiemal air freight ,

at Bangkek Intermatiomal Airpert , Oecteber 1977

"1

k‘o

;[\ Date . Men tue Wad thu Fri Sat Sun
i i Meam Tetal
grino \: 10 11 12 13 14 15 16 |
10600-0700 - 1,601 = - - - - 2.8, | 1,601
jo7oo-oeoo§ - - - - - - - 0 $ .
10800-0900  621| 14,695/ 11,811 - - 5,460 1,988| 4,939 34,5751
10900-1000(  4,761| 6,532| 11,362| 7,186| 7,021| 10,559| 7,050| 7,782| 54,471
11000-1100| 1,507| 15,585 9,043/ 7,113| 18,835 20,755 18,840 12,811| 89,678
'1100-1200| 2,787/ 9,508| 8,980| 1,649 1,863] 11,937| 9,547 6,610| 46,271
|1200-1300| 6,835| 4,626 15,511 20,065 6,029 1,709| 5,900 8,668| 60,675
1300-1400 1,447| 3,629 931| 1,556 2,330 1,338 - 1,604 11,231
1400-1500| 193] 38| 4,325| - - - - 722| 5,056
1500-1600 9| 11,611 - 543| 1,564 823 900| 2,207/ 15,450
1600-1700| 13,227 1,595| 4,417 2,450 220 184| 8,978 4,439 31,071 |
1700-1800| 1,646/ 2,226 3,165/ 4,870 1,162 78 209/ 1,908 13,356
1800-1900| 1,704 841 572 874 692 565! 8,405 1,950 13,653
1900-2000 500 13,144 3,711| 5,483 40| 3,885 1,322 4.012§ 28,085
2000-2100| - 3,261 1,214 100| 10,098| - - 2,096 14,673
2100-2200| 18,637| 861 3,562| 7,654 4,602 15,207 - 7,218| 50,523
2200-2300| 26,154 4,273 24| 10,059 16,152| 3,576/ 2,783 9,003 63,021
2300-2400| 11,352| 1,813 13,422 3,799| 1,563| 2,763 1,295 5,144 36,005
2400-0100| 1,768 3,085 ~ 951 1,184 7,628 - 356/ 2,139 14,972
0100-0200| - 1,298 = S - 58| n.a. 1,356
0200-0300 | 1,657| 16,358| 7,269 364 1,125 125 - 3,843, 26,898
0300-0400| - 4,704 - | 15,437 850, 4,497 2,084 3,939/ 27,572
%o4oo-o§oo - o - 5,462| = - - B.a. 5,462
| 0500~0600 ™. - 526 = - - 2,630 461 3,226
Moan 3,953 5,074 4,200| 3,994 3,324| 3,478| 3,014
i Total 94,875/121,784 /100,796 95,848 79,T74| 83,461 72,343 /658,881




Table 5,16
at Banmgkek Iamtermatiomal Airpert , Octeber 1977

98

Unlesded velume of imsermatiomal air freignt , kg.

Wed

ik\\\aato Men Tue Thu Fri Sat Sun »
" Mean Tesal
. Time 10 11 12 13 14 15 16
. 0600=0700 - 11,234 256 - 947 6,904| 1,352 2,956/ 20,693
t '0700-0800| = - - - - 5,750 = 2.8 | 5,750
0800-0900| - 5 i - 2,553 3,772|  130|  922| 6,455
. 0900-1000| 3,833 6,024 3,539 2,307 14,070| 6,445 922 5,306 37,140
'1000-1100| 8,846 3,549 1,181 9,559| 2,550, - | 11,205/ 5,270 36,890
1100-1200 572 1,520 4,133 4,363 - 4,756 - 2,0491 14,345
1200-1300 234 3,763 5,801 11 9| 1,048 6 1,:53j 10,872
'1300-1400| 825  395| 5,707 2l 33 487 1 1,107 7,748
1400-1500 18| 3,955 46 600, 1,083 564 2,163 1,204 8,429
'1500-1600 291 | 306 518 415, 3,802 631/ 10,824/ 2,370 16,587
11600-1700| 3,548| 3,828 6,274 1,116 322 5,388 1,822 13,185 22,298
/1700-1800| 9,133 2,875| 7,384 7,731 2,800/ 10,511 6,086 5,646 46,520
1800-1900| 5,159| 13,406| 6,719| 11,456 5,239 11,149 27,179 11,472 80,307
1900-2000| 2,679| 1,043 1,115/ 1,986/ 4,960| 3,703 10,118/ 3,658 25,604
2000-2100 6,041 - 2,781 2,296 305 53| - | 1,639 11,476
12100-2200| 2,300, 9,209| 3,266 8.729§ 3,455 1,407 1,250/ 4,231! 29,616
12200-2300 563 617) 10,293 - | 3,115 8,674| 32T 3,370/ 25,589
2300-2400| = - - | = 247| 2,836 11 m.as 3,084
24000100 = 32| 1,540 - | - | . 229 1,603
01000200 | 3,149 290 941 1,057 - 1,125| 3,767 1,476 10,329
0200-0300| = s - | oimel . - 346 272§ 1,904
0300-0400 302| - e - - - R.es. | 302
04000500 | 1,348 96 - - - - - mess | 1,444
0500-0600 | = . . . - R o LW
{ |
Mean 2,035 2,558 2.554% 2,206 19909i 39153g 34229 | 1
| retal | 48,841 61,390 61,295 52,938| 45,819 75;2035 71,499 {422.985!
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Table 5,17 Grouping of hourly flow of loaded air freight

according to intermational flights

Volume Groups , kg. B adnne o Cunulative
Lowc?r M:!_d Upp?; : . fiX_i
Ay » 0)1{:1; Limid. fi Frequency T.fPI’ObiEx; 3
0 , 19 39 0.15 0
i | 500 1,000 27 ' 46 0435 13,500
1,001 1,500 2,000 23 69 0.53 34,500
2,001 2,500 3,000 6 75 0.58 15,000
3,001 3,500 4,000 9 84 0.65 31,500
4,001 4,500 5,000 7 91 0,70 31,500
5,001 54,500 6,000 3 94 0.72 16,500
6,001 6,500 7,000 3 97 0.75 19,500
7,001 7,500 8,000 7 104 0.80 52,500
8,001 8,500 9,000 3 107 0.82 25,500
9,001 9,500 10,000 3 110 0.85 28,500
10,001 10,500 11,000 3 113 0.87 31,500
11,001 11,500 12,000 5 118 0.91 57,500
12,001 12,500 13,000 0 118 0.91 0
13,001 13,500 14,000 3 121 0.93 40,500
14,001 14,500 15,000 : | 122 0.94 14,500
15,001 15,500 16,000 3 125 0.96 46,500
16,001 16,500 17,000 3 128 0,98 | 49,500
17,001 17,500 18,000 0 128 0,98 0
18,001 18,500 19,000 2 130 1,00 37,000
¥ 130 | } 545,500
X - EHXK
L

- ggg%goo - 4,200 kg./hr,




Table 5,18

freight according to international flights

100

Grouping of hourly flow of unloaded air

132

Volume Groups , kg. , , Camilabive
Frequency
L?wer M:f.d‘ Uppexr s i iXi
RanEs: Po):gr!t RN £, Frequencyf Prob. X
i
0 . 23 23 0,17 .0
By .500 1,000 37 60 0.45 18,500
1,001 1,500 2,000 14 74 0.56 21,000
2,001 2,500 3,000 11 85 0.64 27,500
3,001 3,500 4,000 15 100 0.76 52,500
4,001 4,500 5,000 4 104 0.79 18,000
5,001 54500 6,000 5 109 0.83 27,500
6,001 6,500 7,000 6 115 0.87 | 39,000
7,001 7,500 8,000 2 117 0.89 | 15,000
8,001 8,500 9,000 3 120 0,91 25,500
9,001 9,500 { 10,000 3 123 0.93 | 28,500
' 10,001 10,500 | 11,000 4 127 0.96 42,000
11,001 11,500 12,000 3 130 0.98 34,500
12,001 | 12,500 | 13,000 0 130 0,98 0
13,001 | 13,500 | 14,000 1 131 0.99 | 13,500
14,001 | 14,500 | 15,000 3 132 1,00 | 14,500
3 132 3775500
X = T ix 1
- 377,500 = 2,860 kg./hr,
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1.0 - .
0.8
0.6 —j A
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004' [
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0.2} : =
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figﬁre hel3 Cumulative probability of hourly flow of

international air freight
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freight en Octeber 10 , 1977
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Figure 5,15 Heurly flew of leading and unleading ef air

freight em Oetober 11 s 1977
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0600 1000 1400 1800 2200 _0200 0600

20,000 - Unleading
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Figure 5,16 Hourly flew of loading amd unleading eof air -

freight en Octeber 12t s 1977
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Pigure 5,17 Hourly flow of leading and unloading ef air
freight en October 13% | 1977




108

0600, , 1000 1400 1800 L2200 0200 . 0600

J

28,000 - .
24,000 ¥
20,000 - Leading L
16,000 |
12,000 |

&
- ¥

A Saned

r ‘”-;-:as.”'i_;" .:_‘g;%
-

8,000 -
4,000 -

tonnes O
4,000 -
8,000 -

12,000 A
16,000
2o,oooJ Unleading
24,000 -
28,000 - 0

0600 1000 1400 1800 2200 0260 ' '0600

P 2018 Heurly flew of loading and unloadimg ef air
freight em Octeber 14 , 1977




107

000, 1000, 1400 1800 2200 0200 0600
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Figure 5,19 Heurly flow of loading and unloading of air
freight om Octeber 15 , 1977
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Figure 5,20 Hourly flow of loading and unloading of air
freight em Octeber 16" s 1977
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Table 5,19 Summary of hourly angd daily flow of air freight
- i i
Peak Houyly Flow Total Mean
Date Direction , Vp}ume AHourly Flow,|
Period Vol‘ume,kg. kgo kgo i
Monday Loeding 2200~2300 26,154 94,875 35953
1% | -
Unloading { 1700-1800 9,133 48,841 2,035
Tuesday Loading 0200-~0%00 16,358 121,784 54074
b o . , ~
Unloading | 1800~1900 13,406 61,390 2,558
Vedusedny Loading 1200-~1300 15,511 100,796 4,200
lzth e o i el .
Unloading | 2200-2300 10,293 61,295 2,554
Thursday Loading 1200~1300 20,065 95,848 3,994
13th _
Unloading | 1800-1900 11,456 52,938 2,206
Friday Loading 1000-~1100 16,835 19,774 59324
Unloading | 0900-1000 14,070 45,819 1,909
Saturday Loading 1000~1100 20,755 83,461 3,478
lsth i
Unloading { 1800~1900 11,149 75,203 34133
- ;.oading 1vooo-1100 18,840 72,343 3,014
léth '. - . » " e
' Unloading | 1700-1800 275179 TTs499 35229
Average Daily Loading 92,697
Average Daily Unloading 60,426
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Figure 5,21 Fluotuation of daily tlow et air freight

during recerding peried ( October 100, 16th, 1977 )
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Correlatiomr Determination

Theory

In dealing with the measurement of the relationship between two
more variables , the linear correlation coefficient as denoted by r is
used defined as a measure of the relationship between two random vari-
ables , X and Y , The variables x and Y are assumed to have a bivariate
- probability distribution , To compute a linear comfélatiom coefficient
we first choose a random sample of n pairs of measurements ( x , y )
By constructing a scatter diagram for the ( x s ¥ ) values as shown in
Figure 5,22 we are able to draw certain conclusions , When the points
follow closely a straight line of positive slope , we have a high posi-~
tive correlation between the two variables o O the other hand , if the
poimts follow closely a straight line of negative slope , we have a
high negative correlation between the two variables , The correlation
between the two variables decreases numerically as the scattering of
points from a straight line increases « If the points follow a strict-

ly random pattern as in Figure 5.22(¢c) , we have zero correlationm and

conclude that no relationship exists between X and Y .

It is important to remember that the correlation coefficienmt
between two variables is a measurement of their linear relationship ’
and a value of r = O implies a lack of linearity and not a lack of as-
sociation , Hence if a strong quadratic relationship exists between X

and Y as indicated in Figure 5,22(d) , we will still obtain a zero cor-

relation to indicate a non-linear relationship ,
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The most commonly used measure of linear correlation between

two variables is called " Pearson product-moment correlation coeffi-

cient " , or simply the correlation coefficient as

n n d
- nxy, -(Zx)Zy,)
2 & 191 73 ely ATVEL TR

oo
o o
y o o . o "
L o o o
0 )
o %0 o o
o ° “a %4
3 x x
(a) High positive eorrelation (b) Low megative correlation
¥ o o o ¥
o ) 0° ©°
0 & 0 000
o o Y% 00 o
0 0° "
| 0 -
[

x

(e¢) 2Zero correlation (d) Zero correlation

Figure 5,22 Scatter diagrams showing various degrees of

correlation
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Loading and unloading of air freight

This evaluation provides for only international air freight ac-
cording to the completeness af such pair of data , From the'¥ecorﬂed
data , four periods are divided in interval from 0600-~1200 , 1200~1800
1800~2400 and 2400-0600 which total for seven days are twenty-ecight
periods , The begining walues of loading and unloading in the deter~
mination are for 0600-1200 of Monday 1oth and the last values are for

2400-0600 of Sunday-thh respectiively ,

From Table 5,20 , we find

28 - 28
¥ x - 648,88 , X ¥y = 42%,00
f=1 1 4211 o
28 - . 28 » )

3 xiyi = 11,135084 'y i xi = 20,605.43
i=1l i=1

28 '

) 3 - 9,051,10

i=l

9
‘\J} j

A eorrelation coefficient of 0,346 indicates a poor linear relation-
ship between X and Y or loading and unloading . Since r2 = 0,12 ; we

can say that 12% of the variation in the values of unloading is acw
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Eﬂé.ble 5,.20 Determination of correlationm coefficient for
loading and unloading of intermational air freight
Loading,ton, Unloading, ton, 5 >
X % X

x, s i Yy i¥3
9.68 13.25 93470 175.56 128,2¢
23,36 14,05 .545.69 197.40 328,21
58435 16.74 34404.72 280,23 976.78
3,50 4.80 12,25 23,04 . 16,80
47.92 21,33 24296,33 454,97 1,022,153
24422 15,12 586,61 228,61 366,21
24,19 24,28 585.16 589,52 587,33
25.44 0,67 647,19 0445 17.04
41,20 9.11 1,697.44 82,90 37533
28,35 25453 803,72 651,78 723.18
22,50 24,17 506,22 584419 543.82
8475 2.48 76,56 6.15 21,70
15.95 16,23 254440 263,41 258,87
29,48 9,88 869,07 9T.61 291,26
2797 24447 782,32 598,78 684,42
22,45 2,37 504,00 5.62 5 5 ]
25.72 20,12 661,52 404,81 517.49
11,30 8435 127,69 69.72 94.36
3515 17.32 1,098,92 299,98 574.16
9.60 0,03 . 92,16 0 029
48,71 27463 24372,66 763442 1,345.86
4,13 18,63 17.06 347,08 76,94
26,00 27.82 676,00 773495 723,32
4,62 W K . 21,34 1,25 547
3T7.42 13,61 1,400,26 185,23 509,29
15,99 20,90 255,68 . 436,81 334419
13,80 38,88 190,44 1,511,65 536.54
Bel3 4411 26,432 16,89 21,08
648,88 423,00 20,605,43 9,051,10 11,133,84
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Figure 5,23 Scatter diagram of loading and unloading of

international air freight
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counted for by a linear relationship with loading . igure 5,23 is to
show séatter diagram of loading and unloading of international air

freight for recorded data .
Air freight and aircraft movements

Generally , it has to be thought that volume of air freight have
to be actually varied according to number of aircraft movements s but
the truth was nott fully followed this ., Some aircrafts provided more
volume of loading or unloading of cargo while some arrived or departed
with very little or wifhout loading or unloading of air freight . Data
from the observation are adjusted as that of the determination of loa-
ding and unloading . Agaim , this evaluation is only for international
flights , for domestic flights number of aircraft movements seem to be
very few and without fluctuation which it seems to be unreliable for

the evaluation .

The evaluation is divided as inward and outward flow which are
written as unloaded air freight and arrived aircrafts s loaded air
freight and departed aircrafts , Volumes of air freight are denoted by

X and number of aircraft movements are as Y .,
For inward flow , from Table 5.21 we find

28 28
rLx = 423.00 , ¥ y; = 379400
i=1 i=1

28 : 28 5 ,
i xiyi = 6’637047 ’ E xi = 9,051.10
i=1 i=1

28 5 ‘
i=1
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Therefore ,

(28)(6.637.47)'f (423,00)(379.,00)
(28)(9,051.10) - (423.00)% (28)(5,667.00). - (379.00)2

= 0.763

For outward flow , from Table 5422 we find

%g 28

- - = 648,88 Y = 382,00
=1 1 . 1%1 i

& 9,7 ¥ 2 .

2 Xy, = 302 = 20,605,
i=1 t 1 ’ ’ iglxi S e
28 5

=

Therefore ,

PRI . = - 1% 1= 511100 B (648,88)(382,00) )
’ ~/((28)(20,605.43) - (648.88)°]( (28)(5,732.00) - (362,00)7]

= 0,520

For inward flow y @& eorrelation coefficient of 0.763 indieates
a medium linear relationship between volumes of air freight and number
of aircraft movements and as r° = 0.58 4, it can be said that about 58%
of the variation in the volumes of unloading is accounted for by a li-

near relationship with number of arrived airecrafts ,
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For outward flow as the evaluafion‘gives the result of a corre-
lation coefficient equal to 0.520 , it may be classified that the 1i-
near relationship between volumes of air freight and mumber of air-
craft movements was rather poor , For r2 = 0,27 , it can be said that
about 27% of the variation in the volumes of loading was accounted for

by a linear relationship with number of departed aircrafts .,

Scatter diagrams of both pairs of correlation determination are

as shown in Figure De24 and Figure 225 as for inward and outward flow

respeetively .
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Table 5,21 Determination of correlation coefficient for

unloaded air freight and arrived aircrafts of international flights

Volume,ton, {No of atrcraft 5 5

s : y X31¥;

xi yi 1 E - Pt 1
315.25 14 175+56 196 185,50
14,05 18 197.40 324 252,90
16.74 - 15 280,23 225 251,10
4,80 8 23,04 64 38,40
21,33 13 454,97 169 27729
15,12 14 228,61 196 211,68
24,28 19 589,52 361 461,%2
0,67 9 0445 81 6.03
9.11 13 82,99 169 118,43
25453 18 651.78 324 459.54
24,17 16 584,19 256 386,72
2.48 7 6,15 49 17.36
16,23 15 263,41 225 243,45
9.88 19 97.61 361 187.72
24447 15 598,78 225 464,93
2,37 6 5462 36 , 14,22
20,12 32 : 404,81 144 241,44
8,35 13 69,72 169 108,55
17.352 18 299,98 324 311,76
0,03 : 4 0 16 0,12
27.63 12 763,42 144 331,56
18,63 14 347.08 196 260,82
27.82 21 173495 441 584,22
1,12 9 1.25 81 10,08
13.61 18 185,23 144 163,32
20,90 2l 436,81 441 438,90
38,88 35 1,511,65 225 583,20
4,11 - 16,89 8l 36499
423,00 379 9,051,10 55667 6463T7.47
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Téble 5s22 Determination of correlation coefficient for

loaded air freight and departed aircrefts of international flights

Volume,ton, {No of airecraft 2 >
x, v 1 o1 | g i
9.68 , 16 93.70 256 154,88
23436 17 545.69 289 397.12
58435 16 3,404.72 256 933.60
3,50 8 (JX2e 28 . 64 28,00
47.92 21 2,296,33 441 { 1,006,32
24,22 15 586,61 225 363430
24419 12 585,16 144 290,28
25.44 . 6 647.19 36 152,64
41,12 13 1,697.44 169 535.60
28.35 19 803,72 361 538,65
22,50 17 506,22 289 382,50
8.75 8 76456 64 70,00
15495 9 254,40 81 143,55
29,48 22 869,04 484 648,56
2797 19 782,32 361 531,43
22,45 8 504,00 ' 64 179.60
25,72 14 661,52 196 360,08
11,30 " 3 127.69 121 124,30
33415 17 1,098.92 289 563,55
9.60 6 . 92,16 36 57.60
48,71 | 15 2,372,66 225 730,65
4,13 & 1 17,06 121 45,43
26,00 16 676,00 256 416,00
4,62 9 21,34 81 41,58
37+42 14 1,400,26 196 523,88
15.99 17 255,68 289 271,83
13,80 13 190,44 169 179.40
5«13 13 26,32 169 66,69
648,88 382 20,605,43 5,732 99737402
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Air freight and passengers

Dorr Muang International Airport is netting over one hundred mil-
lions baht income for the government due to services and fees « In the
past 4, only budgets for passengers facilities were provided for the im-
provement of this airport and only recemtly that budget for air freight
were allocated . This move was the result of the realization by the go-
vernment that Don Muang was loosing its income due to the improvement

of other neighbour international airports such as in Singapore and Ma-

' laysia im air freight business .,

The relationship between air freight and passengers at this in-
ternational airport is evaluated for only international flights as vo-~
lumes of air freight and Passengers for domestic flights seem to be not
large and frequent enough to be determined o The data are grouped as
those evaluated before and it is also divided as inward and outward
flow « Volumes of air freight are denoted by X and numbers of passem-

ger are as Y ,

For inward flow , from Table 5¢23 we find

28 © 28 :
: x, = 423,00 , ¥ = 26,250
i=1 i=l

28 : . 28 " !

L %y, = 492,449.43 , ¥ x; = 95051,10
i.—_l i=1

28

7 = 31,117,330

{=1 :
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Therefore ,

(28)(492;449.43) - (423.00)(26;250) |
\/[(28)(9,,.051.10) - (423.00)2][(28)(31,117..330) - (26,250} ]

be o =

= 0-732

For outward flow , from Table Ds24 we find

28 - 28 :
¥ x, = 648.88 , ¥ X4 = 25,715
i=1 i=1

28 ' 28, '

b X ¥ = 646,185.,09 , > Xy = 20,605,43
i=1 i=1

28 / :

E{lyi = 274513, 734

Therefore ,

(28)(646;185.09) - (648.88)(25;715)
«q4328)(20,605.43) v (648.88)2}{(28)(27.513,734) - (25,715)]
= 00341

n =

We may find that the value of coefficient of correlation of vo-
lumes of air freight and numbers of bassenger for inward flow is about
double of that of outward flow s this may be according to more fluctu-
ations of outward air freight while numbers of Passenger seem to be nc
so much varied for both directions of flow . From values of r as eva-
luated , it may be classified that for inward flow the linear relation-

ship between volumes of air freight and numbers of passenger is at me-
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dium level while for outward flow is at poor level , Scatter diagrams
showing the correlatiom of such evaluation for both directions of flow

are as shown: in Figge 5e26 and _Fig'u.re Bs27T .
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Determination of correlation coefficient for

Table 5,23
unloaded air freight and disembarked passengers of international flights
Volume, ton, No of o 5
X, passenger, ¥, g s ¥
15,258 .819 175,56 670,761 10,851.75
14,05 1,310 197,40 1,716,100 18,405,50
16.74 873 280,23 762,129 14,614,02
4,80 354 2%,04 125,316 1,699,20
2333 . 736 454497 541,696 15,698,88
15,12 1,123 228,61 1,261,129 16,979.76
24,28 1,281 589,52 1,490,841 29,645,88
0,67 185 0.45 34,225 123.95
9,11 ] 904 82,99 817,216 8,235.44
25453 1,622 651,78 2,630,884 41,409,66
24,17 889 584419 790,321 21,487.13
2,48 105 6415 11,025 . 260,40
16,23 962 263,41 925,444 15,613.26
9.88 1,496 97.61 2,238,016 14,780,48
24,47 1,129 598,78 1,274,641 27,626,6%
2.37 125 5e62 15,625 296,25
20,12 (691 404,81 . 477,481 13,902,92
8435 1,359 69.72 1,846,881 11,347.65
17.32 1,031 299.98 1,026,169 17,545.16
0,03 118 0 13,924 354
27.63 1,127 763442 1,270,129 31,139.01
18,63 1,237 347,08 1,530,169 23,045,31
27.82 1,609 TT73495 2,588,881 44,762,38
1,12 .520 1.25 . 270,400 .582,40
13,61 1,%30 185423 1,768,900 18,101,30
20,90 1,619 436,81 2,621,161 33,837.10
38,88 1,529 1,511,65 2453T,841 594447.52
4411 245 16,89 60,025 1,006,95
: e
423,00 26,250 9,051,10 314117,330 . 4924449443
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Determination of correlation coefficient for

loaded air freight amd embarked prassengers of international flights

Volume,toru

No of

2 2

x; passenger, ¥ il . yi' %iyi
9.68 1,399 93.70 1,957,201 13,542,32
23,36 922 545,69 850,084 214537492
58435 933 35404,72 870,489 544440455
3,50 190 /12,25 . 36,100 665,00
47492 1,307 24296433 1,708,249 62,631,44
24,22 998 586,61 996,004 24,171,56
244,19 631 585.16 398,161 15,263.89
25444 403 647419 162,409 10,252,32
41,20 1,392 1,697.44 1,937,664 1,697.44
28,35 1,381 803,72 1,907,161 395151.35
22,50 776 506,22 602,176 17,460,00
875 123 76456 153129 1,076,25
15,95 .820 254,40 672,400 13,079,00
29.48 1,295 869.04 1,677,028 38,176,60
27.97 1,122 782,32 1,258,884 31,382,34
22,45 9350 504,00 122,500 7s857.50
25.72 1,483 661,52 24199,289 38,142,776
11,30 857 127,69 134,449 95684410
3315 889 1,098.92 790,321 295470435
9.60 169 . 92,16 . 28,561 1,622,40
48,71 1,645 24372.66 2,706,025 80,127,95
4,13 .820 17,06 672,400 3,386,60
26,00 1,441 676,00 24076,481 374466,00
462 220 - 2134 48,400 1,016,40
3742 1,562 1,400, 26 29439,844 58,450,04
15459 1,270 255,68 1,612,900 20,307,30
13,80 850 190,44 722,500 11,730,00
513 467 26,32 218,089 24395.71
648,88 25,715 20,605,43% 646,185,09

275513,734
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