12.3

with Ped. Br & P.L.

Project 1, 2, 4, 7 = 5.43 42,92 95,86
. (52.94) ,

Project 5, 10 3.5 60,32 63.83
. ' (34.22)- .
Project 13, 14 1,42 5.7 - 19.62

(13.85) = ' '
Project others : 8,75 112.33 197. 64
: : (85.31) -
Project total 19.11. 221.34 4G7.66
(186.32)

Improvement pléns of each Project were shown in Appendix Fig.
10.2.1. They are summarized together with the total cost in

Appendix 12.1.1 and Appendix 12.2.1.

Implementation Schedule

There are .a_ number of minor plans included ia the projects,
spreéding over the city of Sana'a,  Periods for detailed
engineering studies, calling for tender °~ and evaluation,

mobilization and implementation are proposed as under .

Fig, 12.3-1 Implementation:Séhedule

1988 1989 1990 1991

This Transport study — pee———

Funds prepa. VR

Detail Engf. & F/S PR
Tender & Eval. —
Mobilization . —
Implementation
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CHAPTER 13  ECONOMIC EVALUATION

13.1  Approach
Beﬁefits of ‘those action plans are estimated through the
following analysis, The basic understanding is that traffic
congestion moétly in rush hours extends into the subsequent hours
and' chronic. phenomenon of congestion tends to cover most of
~daytime hours, If the action plans increase the capacity of
intersection, those prolonged congestion can be reduced. The
reduction is measured as a part of economic savings. (Other part
 is reduced accidents)
Hourly Volume and Capacity: with & without
Hoquy volume = WITHOUT = Hourly volume = WITH =
Cap. , 3 Cap.
J TN _ 4%' j
| ’ A
Hr 7 3 9 10 11 12 Hr 7 3 9 10 11

The following can be found on each approach section of the

intersection through traffic surveys in this study,

. Vehicles in pecu
+ Average travel speed including speed changes

+ Hourly distribution pattern of vehicles

- Measurement of savings in vehicle operation cost is set at

approach sections of the intersection by comparing ''with" and

“"uwithout". The concept is shown as follows:

13-1
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X R/Km
Co—Cl: ‘Savings per km . _ .
Co brrmmmrens . VoG (w/o) “Travel speed wmeans an average travel.
ol ; VoC (w) speed including stops and slowdowns.
Co . : VOC without improvement
: o e -
: 5 cl i VOC with improvement .
10 25 ' S S
Travel Speed : ' ?%?' L . .
. g%%%%Z%%%-Improvement ;nﬁcapac1ty
of each approach section. ian the
\§§ intersection,
; / §§§ . 'InLelsecLlon gives influence the
500 m _ _ i _ Cee
\ , . travel speed in  the  approach
m__________,/ﬁ 7 beCtiOH;: Sav1ngs in  VOC are
i calenlated by u81ng the 500 m of
T | o
G : the * approach ‘section - by flndlng
<500 m- _abproach s .

the differeﬁce.'oﬁ average - travel
speed on  the section, The
dlfference with and wlthouL the _
action plans are measured by a model in Flg. 13,2.1. Sav1ng'in

VoG (benef;ts) can be measured throqgh different travel speeds.

When a. project route is determined to .ihp}ﬁde “a few
intersections, the benefits are calculated -ﬁy;_summing_'up the
difference of the VOC estimated injalilapprséch sections of the
route. The concept is shéwn below. The projects are shown  in

Figs. 10.2.5 - 16.2.7.

Fy

One project on.a
route where several
plans of improvement
are grouped into ome
project.-
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Fig., 13.1.1 Cost Benefit Analysis

(withd&t) (without)

(with) { Intersections: Signal & traffic {with)
width, lanes, 1 police, : | Cost
ete, phase & cycle estimate
T "
: (without) J' Cost of
1) | Capacity of the {with) marking
: intersection at sign board
its approach sections ' fence, etc,
H
' - Cost total\
Traffic ' '
volume &
| ] travel speed l
survey. {without)
1} { Volume/capa. (with)
ratio per hour
_ . Vol/c ratios
Volume-speed .
relationship ' ‘
I
(wifh'& without) L ' (with) & {without)
2} | Speed {vol/c) model | 7 VOC-speed
2 lanes model
3 lanes’
I —
_\1, N S —
(without)} {without) ]
Accidents at (with) Vol/c ratio (with)
intersections .
. 1 d
L_; “Reduction 25% Travel spee
vgc —+=  VOC wo
[ —>Tot. VOC w Cost total
Savings 1n . .
4) aceident 3) | Savings in
. : VOC.
reduction _
Y {
5) Project route

BC analysis
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13.2

13.2.1

1)

Benefits

Benefit Estimate

Selected action plans are evaluated by cost-benefit analysis in
economic terms. The analytical flows are shown in Fig.. 13.1.1.

The works for benefit estimate can be discussed as follows:

Capacity Analysis of Intersections

Capacity of each interseckion is studied;
- whether it increases the number of lanes or not,

- whether the signal phase is altered or not.
Capacity per hour at each approach section is determined under
the preseat status without improvement and the -other with

improvement.

The hourly volume in pcu is compared with the above capacities to
find volume/capacity ratios for both cases of '"with" and

"without". The representative hourly traffic  pattern is

determined through analysis in Chapter 5.

The volume/capacity ratio of one approach . section_ can, show a
saturation &egree and the total im all approaches means the
saturation . degree of that intersection. Saturation degrees

"with" and “without™ of those intersections are in Table 13.2.1

The action plans can iwmprove the capacity of intersections as in
Table 13.2.1. However, it 1s found there remains some
intersections with saturation degree more than 1.20. The degree
1.20 is a realistic saturation point and can be used for planning

study instead of 1.00.

Intersections of Ali A Mughni Rd-0ld Airport Rd - A Zubayri Rd, A
Zﬁbayri Rd -~ ‘Hadda Rd, A Zubayri - Ring Rd have saturation point
more than L.60 even after improvement. It means these
intersections or approach sections 'in inmer city area need a
large scale improvement such as the construction of Ely—ovér :
passing or of bypasses. Or it may mean the reduction of vehicle
use on those points. " Those matters indicate a need of study on

road development planning which is discussed in Chapter 10.
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2)

3)

&)

Speed and Vol./Cap. Models

Travel sPeed and volume 1elat10nsh1p can be converted into travel
speed - congestion ratio relatlonshlp, where the congestlon 1at10
means the volume- capacxty ratio per hour . Regvesslon ana1y31s is
conducted and model formulas w1th parameters for 2 lane sectlons
and 3 lane secktions are fognd_ applicable.  These formulas are
shown in Fig. 13.2.1 and the rééult of regfession analysié are

shown in Appendix Table 13.2.2,

If an intersection 1is dimproved, new signals are placeﬂ and
phasing pattern is changed, the capacity can be increased and the
congestion ratio decreases. It means an increased travel speed
on the approach section, the extent of increase can be measured

by using the speed—congestion ratio relationship formula.

VOC Savings

When the improvement of interseﬁtion is completed, travel speed
can be increased. The higher -speéd ‘will realize savings in
vehicle operation cost (VOC). The process of anainiS'in VoG is
discussed in Appendix Wote 13.1. The result in terms of shadow

priced economic cost is shown in Table 13.2.2. and Fig. 13.2.2,

Time Value of Travellers

Time value of travellers in urban area 1is ' determined by
allocating  the representative income scale of passenger car
users. In the case of public service vehicles, the average
income, occupants, the percent of the work trips and other

purpose trips are used.

Discussions are in Appendix Note 13.2 and the resultant are shown

below:

Values per hour

Passenger cars & taxis -—--- ‘YRB.61/veh
Micro-buses e  YR4.31/veh .
Medium-buses e YR21.53 /veh

13-6
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. Fig. 13.2.1 Congestion-Velocity Curves
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rable 13.2,2 VOC at Selected Speeds

¢ YR/1000Km ) .
Med tum .nghl' Médium
Bus - Truck Truck  Average

- b i912.28 6676 .55 4029.16 2776.51 8360.54 2365.42 14831.89 1524.87
20 1695.09 6024.61 3498.25° 2331.84 7006.66 1972.07 12774.562 3970.57
40 1528.68 5421.7¢ 3145.19 2075.25 §930.57 - 1761.43 11203.22° 3549.83
60 1410.92 5009.76 2916.,88 1927.05 5222.50 1648.28 10339.28 3280.8

Wote } Shadow priced VOC

Fig. 13.2.2 VOC and Velocity

(1000)
16~
14 - .
134 RN
129 T Medium Tr.
11 e .
104 e
. 9 E
g g
5 1]
g 67
g 97
.§ g g 'ﬁicro bus T T e
il B A o .
Uy ! J T | i ,
e 48 @ w/m
Km per Hour
Uslocity

— AERAGE - CFR -~ MICRO-B -~ MEDIUM-B — L-TRUCK ~~ MEDIU-T
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Accilidents

5) Accident Reduction

When ‘an intersection is improved through various means including
be

indicating the extent of accidents reduction "with" and "without"

marking for pedestriang, accidents

can reduced. Bata

are hard to obtain in Yemen.

'Numbers ‘of accidents reported at Traffic Police in 1987 are
studied as in Fig. 13.2.3, through which a linear relationship of

accidents and traffic at the intersections can be found.

Fig. 13.2.3 Accidents-Volume Relationship af Intersections in Sana'a

W
v accidents _
o % ! The total traffic volume
e _ at the intersection
a: 0 : -
| bt 0.1336 "
2 r : 0.635
Samples @ 27 A
L -0-\3361”" "
- = -
P 0 y oo
N . F
T '
1“ - K — ¥ i
|- = -
! o - n 3
[~ .
- T =
.- + et F _
P ' (Vehicles, pcu '000/16hrs)
{1 -Ag= i 1 ; 1 z p— r ! T i T
& ¥ A raLd AR TE i.24

The Total Traffic Volume of the Approach
Sections into the Intersection
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Accidents in Sana'a and Japan are compared as follow.

Sana'al? Japanz)

- All éccidents 21.3 11.5 per registered_‘OQO
Deaths 15.57 1.92  per registered '000
Injuries ' 172.5 141.2 per registered '000

1) Accidents in 1987 from Traffic Police in Sana'a and
registered vehicles estimated.

2) Traffic Annual Book (Police Bureau, Japan 1986)
According to the Japanese statistical data in Traffic Annual Book
(Police Bureau, Japan 1986), those “equivalents to the :above
figures of Sana'as city are found as follows. Also it was found

the years passed to achieve a 25% reduction in ratios.

In Japan Year 25% less
411 accidents 1973 after 3 years
Deaths ' 1965 after 3 years
Injuries 1977 after 6 yearé

(See Appendix Table 13.2.1)

Tt is assumed that the rate of accidents per 1,000 vehicles in
PCU will be reduced by 25% when those action plans are realized

in 1991.

Accident costs are determined through standardized calculations
based on information supplied by the.  Traffic Police.in Sana'a
that a death is cdmpensated at YR240,000 and a serious iajury at
YR70G,000 in Traffic QCourt. Damages to vehicles are assumed at
¥R18,000. Regiétered accidents are studied as in the previous

Chapter 5.

It is said there are a larpe number of accidents, two or three
times, than those registered at Traffic Police. They are not
registered at the Traffic Police probably because the extent of
damage on vehicles may be small and negotiable at the site.
Those data are not available, but are assumed at YR5,000 per
accident aund the ﬁumber is also assumed at three times of the

registered accidents.
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13.3

Econonic Cost

Net Cost excluding customs and taxes are computed in Chapter 12,
which is élso_.némed "het economic cost™. When shadovw pricing
factors are taken into account, it is named "shadow priced
economic cost", Table 13.3.1 presenfs the net economic cost and
the shadow priced economic cost. The shadow priced economic cost

is used for_economic benefit cost (BC) analysis.
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13.4

13.4.1

Benefit Cost Analysis

Benefit Cost Analysis

Benefit cost analysis is conducted with the following conditions:

* Cost disbursement 1989 1990 1991
' 5% 50 45%
+ Maintenance cost i (Total project cost - Land cost) x
5.9%

* Periodic maintenance ¢ Marking cost in every 3 years

Land cost 100% at the end of the 5th
vear of benefit

* Residual value

Others are assumed no residual value.

* Discount rate : 11% p.a is used for B/C ratio.

Countermeasures Lo mitigate the problems on road traffic are
grouped into Project 1 to 16, Benefit Cost Analysis are
conducted on each of those 16 Projects. The results are shown in
the following tables: Table 13.4.1 shows the first year benefits
classified into savings in VOC, passenger time cost and accident
cost, It is understood the percent shares of time cost and
accident are-rélatively small when compared with savings of VOC.
Tablé " 13.4.2 shows benéfit .cost ratios and economlic rate of
return for the cases of.sténdard (without pedestrian bridge and
park lot), with pedestrian bridges, and with pedestrian bridges
and parking lots. Fig. 13.4.1 - 13.4.3 are duplicated from Fig.
10.2.5 -~ 10.2.7 showing the routes of projects. Cost and benefit

streams are filed in Appendix Table 13.4.1.

It seems atl projects excluding pedestrian bridges and park lots
are in the range of ecdnomic viability. IRR's are more than 15%
in those projects., IRR of all projects in Sana'a is 327 and Taiz
33% and Hodeidah 26%. In Sana'a, Projects No. 1, 2, 4 and 7
will have a return of 28%, while those 10 and 5 will have IRR of
31%.
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Table 13.4,1 Benefit (First year, 1992)
Ty ( Shadow priced YR )
P:oje(l voC (%) e (%) Acc (%) nau”
Sana'a P- 1 2266175 - 50.7 1&019r0- d 8 691689_ 15. 4449810
2 5082805 - 48,5 3014663 28. 8 2384106 22, LOE81674
3 6362847 64,1 3161073 31,8 408676 a, 9932590
1 (7688841 48,1 1447077 . 31.2 762328 20, "3678289
5 3412834 49.8 1950600 28,4 1496908 . 21 C 6859397
6 10537287 . 66,5 4693169 . 29.6 620078 3. T 1HBEOBIA
7 8712606 2.4 . §120825° 30,9 887991 - 6. 13321422
8 4725199 61.5 2444560 31.8 --508828 © 6. 7678587
a 2620002 55,0 - 1291754 27.1° 861384 . 1T, 4763140
10 5136336 56.1 3038408 33.2 g8671d . 10, 9161458
1} 1799818 .63.3 1071899 31.7 506601 5. 3377918
12 4218746 591 2147716 3001 767316 10, TL3OTT6
13 1765604 61.9 823132 29,0 266163 9. . 2834884
SRR 5129017 61.4 2721331 02.6 501861 6. 8352209
1,2,4,7 17420470 54.6 9784541 30.6 47261147 14.8 31931125
5,10 8549170 83.4 4989008 31.1 2482617 165.5 16020795
13, b4 6881621 61.5 3544463 0 31.7 758014 6.8 11187098
Other 30260899 B2.1 14810170 30.4 3661882 7.6 48712961
Sana'a City 63115160 58.5 33128182 30.7 11628627 . 10.8 FOTRT1969
Taiz P-15 4389124 48.8 2701077 .30.0 1906106 21.2 8996307
flod P-16 J095681  54.8 1627004 28.8 922710 -16.3 6645308
Total 70599965 57.6 37456263 30.6 1110741? 11.8 122513671
Table 13.4.2 Benefit/Cost vatio and IRR
Standard With P, B With B
Project B/C IRR(V) BiC I RR (2% B/C TRR(%)
Sana'a -} 1.70 33.49 1.41 23.70 1.41 23.70
2 1.40 21.56 0,84 7.20 1.17.° 17.16
3 2.04 41.88 2.04 41.88 2.04 41.88
1 1.40° 24.56 0.90 6.92 0,90 6.92
5 1.30 21.43 0.54 2.01 I.14 15.75
6 2.10 43 .34 1.96 32.00 1.96 39.00
7 1.56 29.21 1.47 T 26.61 1.47 26.61
8 1.35 22.96 1.35 22.96 1.35 22.96
9 1.48 26.02 1.29 21.24 1.29 21.24
10 2.02 41, 44 0.92 7.93 1.64 29.68
11 1.11 14,83 1.1F 1483 1.11 14.83
12 1.99 40.87 1.99 40.87 1.99 40., 87
13 2. 14 45.97 1.08 13.72 1.08 ia3.72
14 1.90 . 38.57 1.90 38.57 1.90 38.57
1,2, 1.50 27.62 1.11 14.18 1.26 20.18
5, 10 1.63 31.36 0.70 3.72 i.37 22.87
19,14 1.97 40,41 1.59 29.5% 1.59 29.55
Other 1.74 34.14 1.68 32,42 1.68 32,42
S-Total 1.66 "32.22 1.23 £17.66 1.48 26G.64
Taiz P-15 1.70 33.48 0.53 3.73 1.70 33.4
Hod P-16 L4z 25.71 .42 25,71 1.42 25.71
Total 1.65 31.98 1,13 14.31 1.49 26.98
Nete , Standard ; Excluding parking and bridge
With P,B ; Including parking and bridge
¥ith D i Including bridge
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When pédESErian-hridges are'COnstructed_it is certain to result
in more reduced accidents and smoother traffic flow. However,
its quantification cannot be done.bedause data are wot available.
In this analysis, projects with pedestrian bridges have  not
changed the benefil stream while cost is added. It should be

understood that results would be the same or higher'although the

calculated BC figufes are slightly lower when the bridges are

13.4.2

included.,

As discussed in Chapteré 11 ‘and 12, parking lots conétruttion is
considered urgently needed. However, it hés to pufchase, occupy
and clear the land: for parking. It may compete with the
alternétive land use in the land market. Persuation of owners

and - legislative preparation are, in reality, necessary to

.develop public parking lots in busy areas. Developwent

possibility is beyond economic justification.

Sengitivity Test
Senisitivity tests are conducted to see the effect on BC figures

of the case without pedestrian bridges and park lots by changing

the cost or benefit stream.

1) Cost + 10%
2) Cost + 20%

3) Time value x 0.5

The tesults are shown in Table 13.4.3. 1t is found among those
figures that some projects indicates IRR values less than 10%,
while the 1IRRs of the total projects (No, 1 -~ 16) are

sufficiently large to support the economic viability.

13-15



Table 13.4.3 Sensitivity Test on the Standard Case

e e e i ot ik tm et e mm i w v o R m m ke A Am Sk 4 ma R e W e e e eA Ak a3k dee e em iy e e e o e e dm e e et et m e e s g

Cost » 1.1 o Cost o x7 1.2 . . TV/2 .
Project’ B/C IRR (%) - B/C - IRR(%) - BZC - TRR(x%
Sana‘'a -1 1.54 29,13 .42 25.28 L. 41 25.17
2 1.27 20,55 1.16 16.99" 1,20~ . 18,00
3 1.86  37.26 1.70 S 33,21 I'v72° - 33.62
4 1.27 20,55 1.17 - 17.00 ‘1.18 17.52
5 1.18 17.50 1.08 - 14,01 1,11 15,16
6 1.91 38.65 1.75 34.53 1.79 35.56
7 1.42 25,08 1.30 21,37 1,32 21.97
8 1.23 19.02 1.12 15.54 - 1,13 15,89
9 1.31 21.96 1.21. .. 18.37 1.25 . 19.87
10 1.84 36.83 1.68  32.77 1569 0 32,82
1] 1.00 11,17 0,92 7.92. 0.93 8. 97
12 1.81 36.27 1.66 32.21 - 1.69 33.09.
13 1.94 41.04 1.78 36,70 1.83 °  '37.95
14 1.73 34.05 1.58 30.08 " 1.33 22.52
1,2,4,7 1.36 23.50 1.25 19.86 1.27 20,49
5,10 1.48 27.10 1.36 © 23,35 1.38 23.93
13,14 1.79 35.81 1.64 31.76- 1.46 26.58
Other 1.58 29.80 1.45 25.98 1.47 26.73
S-Total 1.51 27.95 1.38 24.17 1.39 24,30
Taiz P-15 1.55 29.13 1.42 25.29 1.45 26.15
Hod P-16 1.29 21.587 1.19 17.90 1.22 19.02
Total 1.50 27.71 1.38 23.94 1.38 24,16

Note: TV means Time Value
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' Fig,..—13.4.1 Loc:—';'t-'io'n'_ of Short Term
Action Plan in Sana'a -

21 Project No.

‘ Project loecation
linprovement of Indersections
{Channelization, widening approach)

@  Newly signalized Intesscetions

'O . Replacemient of existing signals

e Coordinaiced signal control sysiem
A Taflic signboards, ele,

-1 Saflely devices _
U {(Pedestiian erossing, guard fence)

L Ho-pmking restriclion /\
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Fig. 13.4.2 Lacation of Short Term _é\ctioh Plan in Taiz .

Projeck 1ocatiqd"

O lmprovement of Intcrsections
A (Channelization, widening apmoach)

@ Newly sipnalized {nlessections

O Replacement of existhig signals
mew? Coordinated signal condrol system
A Tallc Sig[-lh(_;arrds', ele, '

" Saflely devices
" (Pedestrian crossing, puard feace)

- - == No-parklng restilétion

Fig. 13.4.3 Loeation of Short Term Acti_on’Plaﬁ in Hodeidah

Project location

Imiprovement of tntersections _
(Channelization, widening approach)

@ - Newly signalized intersections
(O Replacement of exisling sipnals
‘weaet Coordinated signal control system

A Tlfic signboards, cle.

Safely devices
U (Pedeslrian crossing, geard fence)

- - =~ No-parking restriction
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14,1

CHAPTER |4 PUBLIC PASSENGER TRANSPORT SERVICE

General

Pregent pdblic transport sérvide and problems were discusded 1in

Chapter 7. Problems ave summarized below:

*  Micro bus and taxi movement on roads increases conflicts in

traffic flow and accidents.

*  Public service is conducted by private owners/operators.
They prefer running vehicles in " the central area and
congested routes while their operation in suburban areas are

less, resulting in inconvenience in the areas.

*  Medium buses have fixed routes, but micro buses are free to

run any roads in request of passengers.

*  Population ~and users of public buses ‘are forecast to
incredse rvapidly in Sana'a. Problems will be enlarged and

remaln unsolved if actions are not taken.

‘Under the circumstances, the use of large buses serving on

determined routes in a scheduled time table is studied. Large
buses can carry about 50 persons while micro-buses carry 6-7
persons. Large buses will serve in mitigating congestion when

compared to the service by a large number of micro-medium buses.

In. this chapter, development prospect of travel demand and
improvement plans of bus service system are discussed, A plan

of large bus operational network is propeosed through which the

priority route is selected for immediate action. Financial

. analysis is conducted to support the priority route in Sana'a

operated by GLTC, a public bus corporatiom.

14
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14,2

14,2.1

14.2.2

Dévelopment_PrOspects

Person trip volume

Rapld growth of populatlon and economtc acth1tles in Sana'a

Clty is expected to contlnue in the comlng yearsq As in Chapter

9, it is expected that publlc transPOLt person trlps wlll

increase from 207 000 in 1987 to 557, 000 Ain 2000 and the - shate
of publlc tranqurt users in the total persgn trips _w111
increase from 56% to 65% during the same_period}

The forecast person trips using publie transport service in

Sana'a is shown in Table 14.2.1.

Table 14.2.1 Estimation of Public Person Tripé in Sana'a -

Unitt Persqn-tfiﬁs/day-
(% to total)

Vehicle type 1987 1995 2000

Large bus | SR 50,000 © 194,950
(0.0} (12.6) = (35,0}

Medium bus - 44,091 153,000 -~ - 167,100
o (21.3) (38.5) (30.0)
Micro bus _ 122,337 139,000 . 139,250
: (59.1) (35,07 - (25.0)

Taxi 40,572 55,000 55,700
(19.6) 7 (13.9) _ {10.0)

Total 207,000 397,000 557,000

- ' (100) - (100 (100)

Source: Study Team, based on the publlc transport passenger
survey in 1987. :

Plan of'Service

1) Bus types and their functions

Currently public passenger transport service is éonducted by
private oﬁners/dfivers with no adminiStrativé control im
vehicle number, routes "and operation license, Up until
teééntly'the system has worked well to meet'the.demand in

the city,
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chevef; the system is not expected to be able to serve in
the éame 'wéy further in the futuré due to increasing
couflicts in traffic flows and accidents becauée of their
frequent stéps and lane-changes, Also the system does not

" serve well in newly developing outskirt areas.

. Underx the circumstances, public transport service should be
restructured by allocating efficient service system onto
appropriate roads and zones. The vehicles are divided into

the three patterns as follows:

Micro buses : serving short distant trips on secondary and
feéder roads. Currently, micro buses run
aﬁd . operate any roads they choose.
Accofdingiy they prefer to run on busy
cehtral area or heavy traffic main roads to
get a good return. They should be organiied
to operdte in a certain zone and not free in
inter-zonal movement. Their function should

be mainly in feeder service,

Medium buses ! serving short-medium distant trips on

primary and secondary rcads

Large buses - : serving long—medium distant trips on primary
roads Medium-buses and new coming large
buses should be responsible for inter-zonal
movement of passengers. Medium buses
operate wmainly for short-medium distance
travelling and large buses for medium-long
distance travelling. The former should come
into inner areas off from main trunk roads,
while the 1latter should be on main trunk

roads.

Considering the forecast of rapid development of urban
economy and population and a large job opportunity of the
service, it is proposed that micro buses should not be

deleted from the service, medium buses should increase theirx
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fleet and that Iérge buses should be iﬁtfdduced._ Table
' 14.2.2 indicates the fleets in 1987, 1995, and 2000 in .

Sana'a.
Table 14,2.2 Estimation ofuPublié TranSpdrﬁ:Fleéts

L (Unit: ‘Number of vehicles)
1987 - . 1995 . 2000

Large bus | .:0 ' | 50 o ; 200
Medium bus S 20% 250 350
Micro bus 26000 . 2600 . - 2600
Taxi . 3400 3400 3400

" Total - 6120 6300 . . 6550

* Those only for the general public use
Source: Study Team - :

Network Development

The road network on which bus service shbuid be operated can

be decided for wicro buses and medium—large buses,

a. Micro buses
The operational area should be. defined as a zone 1in
which routes should be decided in such manner as partly
o’ the main roads, but mcstly on inner roads. Thus they
may compete partly with large-medium buses on - the main
road, however the main. service should bé-on'the inner

feeder roads.
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Fig, 14.2.1 Concept of Micro Bus Routes

F’I"ﬁ.&l,ﬂ'{.@’.ﬂ’ﬂlﬁ'liﬂ'Iﬂ'ﬂiﬂﬂﬂiﬂ'ﬁ’lﬁ

Secondary
roads

main
roads

Micro bus routes. o
- They run part of the main roads,
but mostly on the roads of inside area.
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b, Medium/Large buses

They shoulﬁ be assigned. to operaﬁe_dﬁ the main rohds of
the city. Their main .bus stops would be gathering

points of micro buses which serve in 'connecting work.

Fig, 14.2.2 Concept of'Large Bus Network in 2000

Main road ﬁétwbrk is
showh concéptually;
Routing on those roads
shdui& be ‘developed Bj
stage in aécéf&ande with

the urban development.

Medium buses o&ned'by
'privatejqperaﬁors and
large buSés by GLTC
should run in
cooperation on mds; of
those routés regularly
using the determined bus

stops.

g tkm

TN EEEE Large bus network

C) Transfer terminals
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3)

Organization

The_”Ministry of. Public Works and Transport _should' be

resﬁrucfuréd" to be resporisible for supervising and co~
ordination of plénning, policy making and administration in
‘the deVeloﬁment of pubiic transport sector. It is expected

~ that organizations concerned with public transport such as

Tféffic:Police;'Géneral Land'TrahSport Corporation,. private

sector - operators of public transport, etc. should be

'codrdinatéd 'ﬁndér_ the adwinistration of the Ministry to

realize an integrated public transport system. As a case of
the restructuring, an idea is that individual drivers of
medium buses, micro buses and taxis should organize

cooprative associatious.

At piesgntr GLTC is a public corporation. with relevant
experienceé and assets to operate intercity regular service
of ‘large buses. - It has been authorized to enter into
intracity service, so it is reasonable the corporation is
aSSumed. to engage in the regular service by using large

buses.
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14.3

large Bus Service

At present serious problems of the publie transport are not
caused - by shortage of public Ltransport ‘means. - On. the
contrary, an excessive number * of . public 'trénsporh causes

traffic congestion and accidents on certain streets.

However, in foreseceable futufe rapid_popuiatibn_grOWEh and
urban expanéidn will take place which definitely need
substantial development of ‘quantity and quality of the

public transport services.

The overall trunk network.of large bus service  in the year
2000 should be realized by stage development according to
the priority and financial #iability. It is better to start
with a pilot case of one line operation by.GLTC rather than
a 'iarge_ scale network operation. Reasons 'are"summarized

balows .

a. Financial cost burden is less in the case of one route

operation.

b.. There is pbssibility that operation of a few routes
covering main voads im 1990 or 1991 would result - in
financial loss. It will require subsidies from the

government.

c. It will be diffiecult to prepare sufficient operational
and technical staff and facilities 1in the short
preparatory period, which are necessary to have an

efficient management.

d. Even when CLTC operation is established, the extent of
the share of private operators is not décided} They
should remain partly cémpetitive on main roads aﬁd
mostly supplementary onr minor roads engaged in
c¢onriecting service. ' .

e. With the one line operation as rééommended by this
study, impacts on users and other buses ﬁan be reviewed
together with the technical and financial performance of
the GLTC _operatipn; ' Necessary 'actions “can be takén

before starting the second route operation.
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The hew bus systéﬁ.is expected to be introduced along a
route whiqh should have _multilgnés and enough side-
walkway to place stop posts. It should be the rbute of
high potenfial'demand.for public transport. The route

~also performs- an inter-zonal linkage without transfer.

Gonéideéing these'cohditioné,_h candidaté routes can be
identified as in Fig. 14.3.1.  Based on the public
transport 'paééenger. interview results and assuming a
similar Service..level of each route, the numbers of
passengers in. 1990 are estimated as in Table 14.3.1,
where it is aggumed that the number of passengers

increases by 10% per annum between 1987 and 1990.

The _cdmpérison of 'the number of the passengers shows
that Rotte I is to be selected as the pilot route. It
is recdmmendaﬁle that'introducfion of the new service by
1argé buses should be to ‘the route I first, route II
second and the 3rd stage éhoﬁld be Route IIT and the
Ring Road. After introduction of each bus route,

evaluation and review have to be made for the next

stage.
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Route I

Route 1T H

Route TIL

.

Ring Road Route:

-
t :
N

Fig. 14.3.1 Candidate Priority Routes

Hasaba Intefsedtion - Airpcrt.Road ~ Al Qiyada Street
-Ali Abdul Mughni Street - Az Zubayri Street - Taiz
Road —-Qat Market '

Asser - Az Zubayri Streét - Taiz Road - Qat Market

Hasaba Intersection - Saddah Road - Bab Shuub - Shuub
- Street - Ali Abdul Mughni Street - Az Zubayri Street -

Haddah Road —~Haddah at the foot of the hills
Ring Road

Candidate large bus depot location
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. Table 14,3.1 Eétimation'of Passangers of
' Candidate Priority Routes in 1990

Route length All day passéhger demand*

(km) - . {passengers)
Route I o 11 _ 34,303
Route IT 10 25,719
Route TIT 13 8,957
Ring Road Route ‘ 16 - 11,14]

Regarding Routes I, IT and IIT, numbers of trips which are along
more than one route are allocated to esach route equally. Trips
along Ring Road Route are separately estimated irrespective of

duplication to the 3 routes.

Source: Study Team

14~11



14.4

Study on the Priority Projects
1) Route I '

s

Demand estimation :

Futule demand estlmatlon and flnanc1a1 ana1y51s are nade

based on the patterns of passenger trips using publxc

transport service. The: patterns and the methodology are:

in Appendix Fig. 14,4,1, Appendix Table 14.4.1 and
Appendix Note 14.4.1. : - : .

Assumed conditions:

%

3

Pabsenge1s on public tran3port service w111 ‘grow 10%

p.a. Erom.1987 to 1991 and 7% p.a. afterwards.

The capac1ty of the new bus  is =~ 50 - 55

passengers/vehicle

The operation hours_are from 6 am'tb_lo pm, and the
total daily frequency of the bus service is 120 per

direction. (See Appendix Figure 14.4, 2)

6 wminute intervél in peak hours and 10 or 15 minutes

in other hours.

New service buses will run on the roads together with

other public service vehicles.
The bus type is indicated as in Fig. l4.4.1 afterward.

Bus stops are determined at a 400 m interval and the

buses will not stop at other points.

The fare is mostly the same level with micro-buses or

medium buses.

Paésengers with trip origins. and destinations along
the route, who need 2 or mode rides for the trip, will
divert to the new bus service provided that their
waiting time is.within 5 minutes in case of YR 2 flat
fare, In case of YR 3 flat fare,' the number of

potential passengers is reduced by 1/3.

The capacity of the service at a section is 10176

péssengers per day, which 1is worked out as the

14~12



following calculation assuming 80% of the bus capacity

is used,

53 passengers/bus x 120 frequencies x 2 ways x 80%
Estimated numbers of the passeﬁgers in 1990 and in 1995
in two fare levels are shown below.

Estimated Numbers of Passengers '
l ' . {Unit: ©Passengers/day)
Case 1990 S 1995

YR 2 15900 : 18500
YR 3 14000 : 15700

The  estimated numbers of the passengers at selected

sections are shown in Table 14.4.1.

.According to the table the shares of the new bus
passengers to total passéngers at selected sections are
moétly greater “than 10% in 1990 but smaller than 10%Z in
1995, because this analysis assumes no increase-in bus

fleet in the cyecle yéars of 1990 - 1997,

It is also noted that 1in 1995 there will be a
considerable mnumber of @ passengers  in excess of the
capacity - at some sections indicating necessity of

additional services.
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Facilities and Personnel for the Bus Service
Following - facilities are necessary for the operation,
but some of which may not be necessary by using the

exiéting facilities for the inter-city  bus service of

GLTG. It can be diécussed'when need arises.

(1) Bus vehicles for 50 - 55 passengers (18 vehicles

. _ indluding two buses stéhdby). See Fig. 1l4.4,1,

(2> .Sﬁdte'parts of the buses (18 units)

(3) Office (l_pléCE)

(4) Worksﬁdp (1 place)

(5) Garage or parking yard (one place for the space of
50 veﬁicles. This pilot case vequires 18 vehicle
space, but additional land area is included inmn

_ pfepafation for the followed staged expansion.)

(6) Bﬁs.termihaIS'(Z places) ‘at both ends of the route

(7) - Bus stobs (50 - 60 locations)

(8) Other bus-related devices and means

The persomnel reguired for the operation of new buses

are shown in Fig. l4.4.2 Organization Chart. The total

number of staff is 71 in case of operation without

conductors and 11l in case of operation with conductors.

'Currently GLTC operates lafge buses regularly on inter-

city routes. . It has staff experienced in operation,
driving, maintenance and repair work of vehicles. Part
of them can be available for in-city service with

preparatory training.
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Fig,

14.4.1

Examples of the

Bus Type

A
dprIailon

L_ Spcilon

Operaiion
director (1)

Operation
stalf (3)
Nispatchers (3)

Drivers (40)

Conductors (40}

Tig.

Capacity:

14.4.2

General

H

director

Lo

Qdmlnlxtatlon/

&eneral Sectlvn

jueneral

Administation
director (1)

feneral éffairs
staff (3

‘Personnel
stalf (1)

Planning/
study staff (1)

Finance
staff (1)

Accountants (3)

Safety/accident
staff Q)
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Organization Chart

- Secretary (1)
;
A

! !
i Horkshop !
| i

Technical
director (1)

Foreman (1)
Mechanics (4)

Assitant

{4)

mechanics

Store keeper (1)

Waichmen (2)



Financial analysis of the project
-1 Assumptions

it is assumed that the new service is operated by a new
organization under GLTC, and facilities of GLTC may be
shared. The followings are assumptions on which the

financial analysis is based.

(1) . Number. of passengers per year (an example for 1995)

YR2 fare case
- 18512 passengers/day x 290 working days

+ 18512 x 0.5 passengers/day x 75 holidays
= 6062700 passengers/year

YR3 fare case

15734 passengers/day x 290 working days

+ 15734 x 0.5 passengers/day x 75 holidays
= 5152900 passengers/year

{(2) Yearly travel distance

(120 services x 22.km ¥ 1.05 x 290 working days +
60 services x 22 km x 1.05 x 75 holidays)

907,830 km

908,000 km

it

H

(3) 0Office and workshop

Office '(approx..éo employees at one time) 300m?

Workshop (approx. 13 employees) 400my

Total : 700m?
(4) Land (m2)

Office 300

Workshop 400

Depot for 50 buses 2400

(including area for future use)

Total 3100

14-17



~2 Bstimalbion of earnings and expenses

(1)

(2}

Earnings

The. total = annual - vevenue is:  calculated by

| muitiplying the number of ‘passengers per yeér 'by o

YR2 or YR3.

Expenses
Initial  investment, operating  costs and
depreciation are shown in Table 14.4.2, Appendix

Table 14.4.2 and Appendix Table 14.4.3.

Route I: Hasaba = Ber Ubeid

‘_/ Hasaba AF .

Y

e,
"f
3
%,

Quneanng, .,L i
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. Table 14.4.,2 Expenses and Unit Costs

'Particﬁlars Amount (YR) : "~ Remarks

: (1)-Init{al:invéstment 23,078,000 - _

. Vehicles 11,232,000 YR 624,000 x 18 vehicles
Spare parts _ 1,123,200 YR 62,400 x 18 units
Workshop equipment - 1,519,000
0ffice and workshop 2,100,000 YR 3000 x 700 w2

" Bus stop_pbsts ' . 43,700 YR 780 x 56 posts

Land for office, _
workshop & depot 7,060,000 YR 100,000/44 m? x

{700 m? for office &
workshop + 2400 m? for

_ _ 50 buses)

Training 1,000,000‘ Trainipg in Oth year
(2) Operating Costs

lst -year 9,500,125

2nd year ' 9,746,593

3rd year 9,994,821

4th year 10,244,961

Sth year 10,496,789

6th year 10,750,458

7th year ' _ 11,006,119

8th year ' 11,236,053
These are éomposed of:
Personnel expenses 6,258,300 Amount for 1st year

(Appendix Table 14.4.2)
Annual growth rate = 1.5%
Fuel . : 558,400 YR 2.05 x 0.3 £ /km
x 908,000 km
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. (continued)

Particulars Amouﬁt (YR) : Remarks
Repair and maintenance ' ._ R Oil,'tires;.épéﬁe'parts and
ist year _ 753,900  batteries are ‘included
Jnd year - 857,200  (See Appendix Table 14.4.3)
3rd year o 960,500
4th year 1,063,900
5th year ' 1,167,200
6th year o ' 1,270,500
7th year _ 01,373,900
Sth year 1,477,200
Insurancé 29,500 for 18 vehicles.
- General Cost (See Remarks) {Personnel -cost + Fuel cost

+ Repair and maintenance +

Insurance) x 25%

(3) Depreciation 1,878,645
Vehicles 1,544,400 (YR 11,232,000 +.
| | " YR 1,123,200)/8 years
Workshop equipment 189,875 YR 1,519,000/8 years
Office and workshop 140,000 YR 2,100,000/ 15 years
Bus staps 4,370 YR 43,700/10 years

14-20



(1)

(2)

(3)

(4)

(5)

(6)

Financial analysis

Cdnditions_'for the finaucial analysis are as
follows. ' '

The project cyele is assumed to be 8 years from

1990, with the year 1989 for preparation.

"The initial expenses should be financed by a loan

which bears an -annual -interest vate of 134 and a
repayment period of 7 years after a grace period of
2 ‘years..

The initial investment is composed of 18 vehicles
and their spare parts, bus stop posts, the workshop
equipment, the office, the workshop, and the land
for the parking of 50 buses is also included.
Reﬁayment of the interest and amortization of the
initial loan is made from the 2und year to the 8th
year.

In the projected income statement, operation
revenue "is the .fare revenue. Operating coéts are
increasing according to the annual increase of
maintenance and repair costs. Operating income is
the balance between operating revenue and costs.
Depreciation is also set at the same amount every
year, Net income 1s operating income minus
depreciation and interest repayment.

In the projected cash flow statement, the total
sources are the sum of operating income and the
loan, Capital expenditure is the initial
investment except for training. Total debt service
is the sum of repayment of the interest and
amortization of the principal. Total applications
are the sum of the capital expenditure and the
ﬁotal debt service. Net cash increase 1is the
balance between the total sources anmd the total
applications. Cumulative cash balance is shown at

the bottom. of the table.
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‘Results of the cash flow analysis are shown in Table

14.4.3. Table 14.4.4 shows income statement and cash’

flow of a case with YR3 fare. The following are the

summary of the results.

t_i>

(ii)

.YR2 fare case

8 year: operation will  result in a deficit
approximately YRmZB,OOO;OOO; in  cumulative éaah.
bélance; This case is not financially feasible
since the financial rate of return is below zero.

YR3 case

Only in the Oth year and 2nd year, net income is in

negative values. (Table 14.4.4 1is the case of

CYR3.00)

- Although cumulative_cash'balance in the 8th year is

in déficit, the amount is approximateiy 20% of the
initial.land_cbst,-and_this.deficit is caused by
purchasing of land for the future uée of additional
32 bus depot. However, this case is considered
financially feasible: with the financial internal

rate of return of 15.6%.
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Table 14.4.4 Income Statemeut, Cash Flow Statement and Financial Internal

Rate of Return

A?\e r"\.:.-_._;c‘-‘rl-g;\s (Unit: Yemeﬁ_ Real)

i I L I T L, S T - S L 11
08 - 076107 ' |
TRAINING £XPENSES | 1000000
INITIAL INVESTHENT | 23078107 P R
DEBT 24078107 27208261 30745335 23321367 10434473 1SS4TST. 1i660684  TITITE0 . 3886895
INTEREST REPAYIENT , 6667226 2682989 2235825 1788650 1341495 - EOL329 447165
AYORTIZATION AI9730 3430730 BAIGTI0 39730 SIGT0  M30UI0 3439730
B3 ANGE 2LO78107_ 27206261 206383??_“31193043__1535&9;&_"10519152__?g539459__,3439730 b
FQRJECTED INCOME  STATEMENT o e
Vo N ) O o NN 7 AN NN 'S | S 0% w7
GPERATING REVENUE D 13780545 15156509 1565855 15458655 15458655 15458655 15458655 15458655 |
JPLRATING COSTS 1000000 9500725 9746593 9994821 10244961 10496789 10750458 11006119 11226053
OPERATING INCOYE | -1000000 (280420 S412006 5463836  S21369%  L961866 4708197 445253 4232602
YEPRECIATION 0 8?9543 1878643 1876643 18TAGLT 1BTBGLT 18786LT  1BTRAGS 1878643
VTEREST g 06228 2662060 2U35825  TYBBESY  13T4OS  BO43S 4476
T INCONE ~1600090 °49.7?? 3133865 - 9022027 1099226 1294564 1488059 1679564 19067%

ACCUMULATED INCONME | 1000000 1401777 -1732088  -829886 269340~ 1563904 3091963 - 4751527 6638371

PROJECTED CASH FLOW STATEMENT . j : : S T -
VEAR 089 1990 1991 1097 1993 1990 1995 1996 199¢
OPERATING INCOME | -1000000 4280420  S412006 546383 5213694  4OK1804 . 4708197 4452535 4232602
LOAN 26078107 ' : '

TOTAL SDURCES 23078107  £28042C 5412006 546383k 5213694 4961860 4708197 4452536 4232002

CAPITAL EXPENDITHRE| 23075107 - S ‘ L A

INTEREST ] 0 6067226 < 2682069 2235825 1788659 1341495 894329 447165

AMORTIZATION 0 0 3439730 3639730 - 3439730 3439736 3439730 3439730 3439730

TOTAL DEBT SERVICE 0 10106958 6122719 5675555 5228389 4781225 4334059 3886895
0 10706958 6122719 B67S55% - 5223389 4781225 4334059 3886875

6260420 4694957  -658885  -461BA1 © 266523 73026 . 118477 345707
§2B028 414332 -1013417 1535278 1801801 11874829 1196352 1410663

NET CASH INCREASE
UM CASH BALANCE

]
TOTAL APPLICATIONS | 23078107
0
)

“inencizl Internzl Bais of Return

vear Cost vengfit 80 1
0] 24078107 0 -24078107]
1} 9500125 13780565 4280420}
2 9TL6593 15158599 5412006 -
3| 9994821 15458655 - 5463834
4 10264961 15458855 5213694 -
10496789 15458655 49618661 -
16750658 15458655 £708197]
11006119 15458655 4452536
11226053 23507618 . 12281565}
total | 107046026 179760037 2269€011]

CO —J O~

FIRR < UL TS544E ' . | .
FIRR = 0.15548071 Flat fare of YR3,-/passenger
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2)

Other Priority Routes

After two year opération on Route T and reviewing the
performance, .0peration on. Route II can follow it,
Considéfing thé growth trend of number of passengers, the
operation' on Route II with approximately 60 services per

direction is expected to start in 1992,

In thé same way as Route I, the number of passengers of

Route II in the start year is estimated at 7398 in the YR2

fare case and 6628 in the YR3 fare case. Opening Route II

operation requires the following fécilities, personnel and

initial costs.

Ttem : Cost (YR)
* 9 busges with sparepérts 6,177,600
* Qffice and.garége (350 m2 floor area) 1,050,000
% 16 bus stop posts in addition to
those shared by Route I 12,500
* Land for office, garage and depot for '
25 buses | | 4,333,000
(Land space for the additional 16 buses is included.)
* Staff training (50% of Route 1) 500,000
Total* | 12,073,000

* Workshop equipment is assumed to be shared with Route I,

thus incurring no costs.

Required personnel expenses in the first operation year is
to be approximately YR3129000 or 50% of those of Route I.
Other operation costs such as fuel, maintenance, insurance

and depreciation can be calculated as in the case of Route

1.

Based on the above conditions, financial analysis results in

the following flat YR3 fare case.

Tncome accumulated during 1992 - 1999 = YR-321,000
Cash balance accumulated during 1992 - 1999 = YR-5,146,000

Finaneial Internal Rate of Return = 10.67%
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Therefore, operation of Route 1L in YR3 faré.case‘fs noﬁ'
financially feasible.: 'Hdwever)__when“.the .igﬁd__éost for
additional 16 buses ié not inqluded.inithe_cost_6E'Roﬁte 11,
the rate of return will incréase to 12% and 5ébomés‘feasible

‘marginally.

Analysis on the financial'asﬁééf 6f'RouEe”IIi-aﬁd.Ring'Rd..
Route is not conducted because théy have .smaller nﬁmbérs.éf.
passengers and: are gonéidéfed not 'feaéibie to start
operation in:1992 or so. They can be reviewed together with
such factors as:i- ' |

- urban developmentialong the routes ‘

- péliéy to increase the passengers on GLTC .by reducing
private ' | . ' '

buses

These matters should be studied in detail when need arises.
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'1405'

8.

Actions in the Traffic Mﬂnagemeh;.

~Actions are necessary in traffic flow management in association

; with”buséé'on roads. The&'are in the followings:
TBussstops:
In order to keep smooth traffié.fldw, bus stops should be

‘installed where the buses have priority over other vehicles.

'Sgch zdnesjshould be clearly mavked to prohibit parking or’

stops: of other vehicles. ~ The passengers should not be

allowed to get on or off in any other places.

Moreover, whére there is enough space, forming bus bays

should be considered. .

. No-stopping zone

' Nb*stbp'zonesisﬁould'be delineated at crowded areas such as

Tahrir Square, Bab Al Yemen and Bab shuub, ete. At the
zones micro buses are not allowed to stop. Miecro-buses can
stop at specifically designated shoulder next to the zone.

The shoulder way be equipped with bus bays and shelters.

Movement of taxis should also be controlled as in case of

" micro buses. At least in very congested areas such as the

- three terminals, taxi passengers should be allowed to get on

and off at designated spots.-

Bus terminals

Existing bus terminals in the éenter area should be Improved
in . order to .provide better service to  passengers.
Conceptual plaﬁs.for improvement are shown in Appendix Fig.
14.5.1 -14.5.3.
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14.6

Conclusion and Recommendations

The operation of one route by’ using 18 large buses -between
Hasaba and Ber Ubeld qat-market (11 km) Ln 1990 15 1ecommendab1e
because 1t will be f1nanc1ally viable. . The management of such a

modest scale will be not dlfflcult for GLTGC.

Recommendatiohs are summarized as follows:

- Large buses should be used for “public service on a regular
time table using pre-determined bus stops and terminals.

- Tn ordef' to avoid risk in finanéial 1oss in the . bus
corporation, the step by' step expansion strategy should be
followed.

- Micro-buses should be grouped as partly compéting with the
regular serving large buses, but mostly ‘serving as feeder

service in de31gnated routes/zones. Their vehicle fleet

should not be. 1ncreased from the present level

- Medium buses should be 1ncreased and allocated to routes over
the city. 'They serve for short/medium distance travellers on

main roads together with large buses,

- Taxi vehicles also should not be increased for the time being.

- = Urban develbpment seems - Lo continue and demand for public

service will grow simultaneously. When . a substantial growth

is recognized, the fleet should be increased.
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15.1.1

15.1,2

Chapter 15 Summary and Recommendations

- Projects

Improvement Plans

Sﬁudies on_roads.and traffic were conducted’ in Sana'a, Taiz and
Hodeidah. Improﬁement plans were,preparéd in order to utilize
fully the exiéting{road.facilities. Improvement plans grodped
are Shéwn in Figs. 15.1-15.3 being combosed of the following

elements:~

_Signél'Systém .
‘Intersections
Guard fénces-:

:Marking'on surface) reflectors, etc.

Traffic sign boards and direction guide boards

" Pedestrian bridges

Parking spaces

Tocations. of those elements were determined by road . conditions

and traffic volume. Plans were studied and cost was estimated.

The total ‘'cost, excluding customs duties and taxes, are

- gummarized as in the following pagé:

Cost

The cost is estimatéd'in'1988 prices excluding customs duties

and taxes, but including engineering service, indirect cost and

‘contingencies assuming a contract after tendering. It is

‘summarized as follows:
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£ e

-ggojécts
Project .

-2. Constriction
Signals - -

. Intersections
. Guard fences
Marking '

- Reflectors
. Total:

W D AN T ®

*3.'Cbntingendies'
=&, Total

(YR1.00 = J.yen 13.80)

. Ped. bridges
. Park lots.
. Land for lots

G. Total

.Currency components

Projects

~ Construction

'Total includ.

Engineering
Contingencies
Total net cpsf
(YR 1.00 = J'Yen 13.é0)

Ped. Bri.

. Total Includ Ped, Br1
- and Park lots '

(US$ 1.00 = YR9.75)

~1. Engineering services

. Traffic 91gnboards

(In’fR miliion of11988.price3)
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.(100%)

%)
3%)

Sana'a Taiz H&deidéh : Total
16.8 L4 1.4 19, 6
59.9 6.3 7.4 7306 6”492),1
45,2 0.9 Co= T 4601 (031%)
14.4 1.5 1.2, 17'1'(»11%)
5.1 0.7 0.8 6.6 ( 5%)
1S 0.4 0.2 2.1 (0
3,0 0.5 0.5 . 4.0f(_
129.1 © 10,3 10,1 14945 (100%)
o S L75%) :
26,4 2.1 2,1 306
A N SR
172.3 - - 13.8. 13,6 19947
o8z . [ 7%) [72)  (100%)
3Y2,377.7 JY190.4 JY187.7 J¥2,755.8
20,0 . w2000
19.4 .;4.8 - 2802
76,9 86.8 - 163.7
288.6 105.4 13.6 407.6
[ 71%] [jzs/} [ 3%] [100?”
(In mllllon of 1988 prlCES)

Forelgn . _Local - Total
__élé;ai" | YR31.0°  YRI49.5
(YR118.5) o o

(79%) (21%) (100%)
$1.6 YRG.1 . YR19.6

(YR15.5) S SR
(797 (21 (o)

Cs2.1 YR7.1 YR30.6°

(77%) (23%) (100%)
$16.1 YR42, 2  YR199.7

(YR157.0) B - o

- (79%) - (21%) (100%)
JY 2,173.5 JY 582.4° . JY 2,755.9

$17.5 YRAD, 7 Ym199

(YR170.2) ' _

(77%) (23%) (1004)

- 819.1 © YR221.3 YRG07.6
C(YRI86.2) o
(462%) (54%)



15.1.3

Economic Evaluation

Economic benefits’ were studied through saviags in vehicle

operation cost, ~passenger time cost and accidents.

éhalysis has resulted in the foilowing figurest

Sana'a

i.ﬁ/c

1) bejépts_ﬁittht_
pedestrian bridges
and parking lots.

2) Prbjects?with :

 pedestrian bridges
. but no-parking lots

3) Projects with
‘pedestrian bridges
‘and parking lots

IRR
1,66 327
1.48 27%
1.23 18%

Taiz

Hodeidah

B/C IRR B/C

1.70 33
1.70 33
0.53 4

z 1.42
4 1.42
Z . 1.42

IRR

26%

26%

26%

Economic
Total
B/C IRR
1.65 327
1.49 277
1.13 14%

It is ‘concluded that the above improvement plans are technically

and,ééénomically feasible.

Specifically 1) or 2) are worthy to

be implemented:as urgent action plans to be completed by 1991,

(Fig;_lill;-ﬁig. 15.2 and Fig. 15.3) ‘Implementation program is

~shown below:--

15.1.4

1988

1989

1990

1991

“Funds prepa. _
| Detail Engr. & F/S
'Ténder & Eval.

Mobilization

Implementation .

This Tranépoft study

Public Passenger Transport Service

Public passenger transport service in Sana'a is operated by

privalety owned taxis,

micro~buses

and medium-buses.

Their

frequent and free stops on roads increased  conflicts and
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1 P

Fig. 15.1 Location of Shoit Term Action Plan in Sana'a

P1 Project dNo,

Project location
Improvement of inlérsections
{Channclizalion, widening approach}
@ Newly signatived intersections

() Replacement of exisling signals

msewt Coordinated signal conlrol system
A Teflic signboards, ele. '_

Salety dc_vicés'
U (Pedestrian crossing, geard fence)”

- - = - No-parking restilcilon /\ S
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Fig. 15,2 Location of Short Term Action Plan in Taiz

Project location

O Improvement of Intersections
{Channellzation, widening approach)

@ Mewly signatized Intessecitons

T (O Replacement of existing signals
w==em Coordinated signal control system

A Traffic signboards, etc.

: Safcly devices
U (Pedestslan crossing, puaid fence}

- - -- No-parking restlction

Fig. 15.3 Location of Short Term Action Plan in Hodeidah

Project ]ocatiou/

Improvement of Intersections
(Channellzalion, widening approach)

@ Newly signalized Infersections
() Replacement of existing signals

~ memem Coordinaled signal control system
A Treflic signboards, ele.

Safely devices -
[j (Pedesteian crossing, guard fence)

« « - - Mo-parking restriction
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accidents.

This tendency is likely to increase under the

expected urban development in the coming years.

A regular bus service is considered necessary on main routes

using large
passengers

congestion.

Development
pilot case
recommended

viabilities

buses, They are wuch efficient :in carrying

than smaller  buses and would . witigate traffic

of regular bus service shduld _Be  by_ stage‘ and a

-of intracity ‘service using large body buses is

to be_opérated by GLTC. '.Financial and maﬁagerial

are identified in this study. the'follbwings are

the recommended operation .’

.Roufe
Buseé
Operation
Employment
Fare

Initial cost

Income '
accumulated
1989-1997
YR6, 638,000

Cash balance
accumulated
1989-1997

YR-1,411,000

Financial
IRR
15.6%

: 11 ki between Hasaba and Ber Ubeid qat market

18 buses of a capacity of 53 persons
! 5 minutes - 15 minutes, 6 a.m. = 10 p.m,

:" 111 persons including drivers and conductors

YR3 - per ride :
:+ YR23.1 million including the bus cost of
YR11.2 million
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15.2

15.2.1

15.2.2

15.2.3

Recommendat ions

"While this study proposes the implementation of urgent action

plans’ on  the existing road syétem, studies and staff

streagthéning are necessary in the Ffollowing subjects in order

to develop appropriate road and transport service in the rapidly

‘growing urban areas.

Read Network Developmenﬁ Plan

The study should be closely related to the urban development
master plan, And the study should present'the following plans:

~ Staged development of road network, including by-pass, grade-
separated intersection, toll road,'etc.

- Classification of roads in a hierarchical system in a block or
a city '

- Surfacing and betterment of service roads and community

streets
Parking Facilities

Parking and restriction rules should be enforeed on all streets
of those cities, In addition the followings should be studied

and implemented.

~ The establishment and enforcement requiring parking space

provigion within a building or compound.

- Public parking space. and buildings either by public fund

and/or by private fund.
Public Passenger Transport Service

An administrative system responsibie for the number and
operation of taxis, buses {routes, frequencies), fares, etc.
should be established in the' Ministry of Public Works and
Transport. - It should detérmine the following matter by

consulting with traffic police, MMH, GLTC and others.
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15.2.4

15.2.5

- Routes and service of GLIC

-~ Routes and service qf private opefatbrs'
- Opération Qf'ﬁiéro&buses and mediuﬁ—buéeé
- Operation of taxis |

~ Fares and service

Administrative Systems

Administrative _syétéms should  be established and work
effectively in the following fields. Staff training “in daily

operation and in academic - courses  are necessary. Accepting

experienced advisors - from UNDP, World Bank or other countries

is also necessary for the imitial years.

- Road maiﬁtenaﬂce and rehabilitation: _otganizatioq,: facili-
‘ties, staffing'aﬁd practice | |

- Traffié_pblice: organization and staffﬁtraining on vehicle
regiétration” and pefipdic mechanical checks, uliceﬁse issue,
statistical fiiing of accidents

- Traffic & planning: ofganization & staff trainingron field
surveys and aﬁalysis such as vehicle’ countlng, travel spéed
Survey,_originvdestinatlon survey, trend of 1ncrease/decrease
of vehicles registered, traffic forecast and assignment on
road network, -—-== ipgether with road  inventory study and

updated filing of recad conditions

Traffic Management

Daily operatlons of trafflc flow 1nanagement by trafflc police
should be effectively enforced. Operations on roads should

cover the followings:
- Check and enforce rules of parking and non-parking, one-way,
' sfop'ét the"sto?—éign;'no passing over, keep lane principle,

pr10r1ty rule at the 1ntersect10n, etc.

- Ordered cr0851ng by pedestrlans

~ Maintenance of trafflc 51gnals and other dev1ces
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15.2.6 Campaign and Training through mass-media, schools and tests of

drive license.

- Safe and ordered fmanner in vehicle driving .

~ Safe ‘and ordered crossing of the road by pedestrians and

children.

15-9












	CHAPTER 12 COST ESTIMATION
	12.2 Project Cost
	12.3 Implementation Schedule

	CHAPTER 13 ECONOMIC EVALUATION
	13.1 Approach
	13.2 Benefits
	13.3 Economic Cost
	13.4 Benefit Cost Analysis

	CHAPTER 14 PUBLIC PASSENGER TRANSPORT SERVICE
	14.1 General
	14.2 Development Prospects
	14.3 Large Bus Services
	14.4 Study on the Priority Project
	14.5 Actions in the Traffic Management
	14.6 Conclusion and Recommendations

	CHAPTER 15 SUMMARY AND RECOMMENDATIONS
	15.1 Projects
	15.2 Recommendations

	Cover

