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Basic Information on Target Country

- Country population: 974,000
Djibouti City population: 569,000 [58.4%] (2019)
- GDP: USD 3.3 billion (2019)
- GDP per capita: 3,388 USD (2019)
- Economic growth rate: 7.7% (2019)

Source: https://data.worldbank.org/country/DJ
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Summary of Survey Result (Final Report)

1. Outline of the Target Area
Topography and Geology

The Republic of Djibouti is a country located along the Red Sea coast and at the north end of the African
Great Rift Valley, bordering Eritrea in the north, Ethiopia in the west, Somaliland in the south and the
Gulf of Aden in the east. The country is facing the Gulf of Aden, while, more precisely, its land area is
located at the mouth of the Gulf of Tadjoura that cuts into Djibouti’s land area from the east to the west.

The Ambouli River flowing through Djibouti City has its source in the mountainous area in the western
part of the country with elevation of over 500m above the sea level. The river runs toward the east at the
west side of the city, collecting water from a number of branch streams and changes its course more to the
north at a point about 6km east of Chabelley Airport to flow into the Gulf of Aden. The river has large
alluvial floodplain terrains and forms a large delta near its river mouth.

Djibouti City has two different terrains on its east and west sides divided by the Ambouli River. On the
east side, there is a flat land of 5 to 15m above the sea level, while the west side has a stretch of lava
plateau of several tens to several hundreds of meters above the sea level (mountainous area). The plateau
on the east side of the river shows a ridge-line pattern that indicates the flow direction of lava(Figure-1).
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Import and Export

Figure-4 shows countries from which Djibouti imports, in value terms. Three countries, China, UAE
and Ethiopia, account together for nearly a half of the total imports. Excluding Ethiopia, all imports are
made via sea through the Port of Djibouti, showing the important role of the port. Figure-5 shows import
from the same countries in terms of weight, and Ethiopia accounts for more than one third of the total.
Imports from Ethiopia are made by land, showing the importance of the Djibouti-Ethiopia corridors.
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2. Records of Natural Disasters in Djibouti City

Natural disasters occurred in the Ambouli River basin in the past, and they were mainly damages caused
by the Ambouli River flooding during heavy rains. Waterway flooding (inland water) occurred due to
underdeveloped rainwater discharge channels and blockage of channels by dumped waste.

Table-1 Summary of Major Floods and Disasters in Djibouti

Source: 1. United Nations Department of Humanitarian Affairs
(DHA) report (1989.4, 1994.12)

a?:ictlilrrrrlzn(;ee ;iiztg) Dail(}I/ane:li;lfall e (fozaals) Affect(:i gslzl;lation
1 | 1989.4.6-10 507 (3days) (unknown) 150,000
2 | 1994.11.22 360 (2days) | 105 (unknown40) 100,000
3 | 2004.4.11-14 92.9 300 100,000
4 | 2013.3.25 26 8 No data
5 | 2018.5.19-21 110 (1day) 2 5,000-10,000
6 | 2019.11.21-25 155 11 200,000 ‘
7 | 2020.4.20-21 80 8 110,000 Flood damages in 2019 (Palmeraie Road)



3. Current Status of the Ambouli River and Flood Countermeasures.

The Ambouli River has a total length of about 60km with a catchment area of 600km?. As shown in
the map below, it has a number of branch streams and the main stream is Wadi Oueah, which accounts
for 31.3% of the entire catchment area. The Wadi Oueah joins the Oued Boille at Nagad, a point 23km
from the downstream.
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Source: Etude d” identification des ouvrages de rétention des ruissellements et de recharge des nappes sur 1’ensemble du
bassin versant (2007)

Figure-6 Map of the entire Ambouli Catchment Area and Location of the Friendship Dam

In Wadi Oueah, there is the Ambouli Friendship Dam, which was built with the aid of Turkey. The dam
has a height of 71m and capacity of 14 million cube meters. The dam was built for flood prevention and
irrigation purposes, and it covers 45% of the entire
basin. When the 2019 flood occurred, the friendship
dam was already completed and retained about 10
million cubic meters of water for flood prevention,
indicating that the dam has a flood controlling effect.
Although the dam was constructed for agriculture and
flood control purposes, there are no established
operating rules to achieve these two objectives (between
the Ministry of Agriculture and the Ministry of Interior),
according to information obtained from the Ministry of
Agriculture.

Table 2 Specifications of the Ambouli Friendship Dam

Item Specifications Remarks
1) Reservoir area 270km? Total area of 600km?
2) Structure type Central core type rock-fill dam Core material: clay
3) Dam crest height 338.00 (m, asl) Above sea level
4) Height of fill-point base above sea level 300.00 (m, asl)
5) Height of dam base above sea level 267.00 (m, asl)
6) Dan height (foundation plain) 71.0 (38.0)m 4)-6)=71.0m, 4)-5)=38.0 m
7) Crest width 10. m
8) Highest water level 336.78m asl
9) Lowest water level 316.00m asl
10) Total reservoir capacity 14,370,000m?3
11) Effective reservoir capacity 12,060,000m?
12) High water discharge at dam site 157.0m’/sec 100-year recurrence interval
13) Design flow for flood spillway 3,000m%/sec

Source: Ambouli Friendship Final Report (Volume 1), Ministry of Forestry and Irrigations General, Directorate of State Services
of Dam Department (Ankara, 2017)



In addition, following the April 2004 floods, the
World Bank implemented flood control measures =
for the Ambouli River. The ADETIP (Agency for s gy e
the Implementation of Public Works) was the lead Cog il
agency, and the total cost of the project was
MUS$6.46, of which US$3.23M was grant aid. In
this project, whicj was called Flood Emergency
Rehabilitation Project (FERP), about 2km of
embankment was constructed on the right bank
upstream of Italy Bridge (completed in 2009).

4. Present Status of the Road Network of Djibouti City

Road Network

The city's roads consist of four national roads and other arterial roads (Figure-4). The most critical route is
RNI1 (National Road Route 1), and most of the freights for Ethiopia now utilize this route. In December 2020, a
renovation project supported by Japan was completed and a part of the route started operation. RN2 is a road
connecting Damerjog Industrial Park with the city center and continues to Somalia. RN3 is a road connecting
the city center with the Doraleh New Port. RNS is also a road connecting Djibouti and Ethiopia as an alternative
route to RN1. Currently the use of this route is limited because the pavement work of the Ethiopian side is
currently in progress. However, when the paving of Ethiopian side is completed, this route will function as an
alternative route to RN1.
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Figure-7 Current Road Network in the City of Djibouti



In addition, a road inventory survey was conducted to
obtain information on the width, pavement condition,
drainage condition, road structures, lighting, sidewalks,
medians, etc. for the major routes in the city (23 routes in
total including 4 national routes). These data were
organized in a GIS.

Figure-8 shows the pavement condition of the city roads.
The pavement condition has deteriorated in the east-west
direction in the city center and in the Balbala area. The
pavement of the Palmeraie Road that crosses the Ambouli
River and the Venice Road that is connected to the Palmeraie
Road are also severely damaged, resulting in reduced
performance.

Road Traffic
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Figure-8 Pavement Condition in Djibouti City

Although ADR conducted a traffic volume survey covering all districts of the city, it has already been
six years since then and the traffic volume has changed. Therefore, a new traffic volume survey is
implemented on major locations shown in Figure-9, besides using existing materials.

l Cross-sectional traffic volume survey (8 sections)

@ Traffic volume survey by direction (2 intersections)

The results of the traffic volume survey are shown in Table-3. On the Palmeraie Road (No. 2), the daily
traffic volume exceeds 30,000 vehicles, the largest volume found in this survey, followed by the Italy
Bridge (No. 3) with 22,000 vehicles per day. The traffic volume of these two roads that cross the Ambouli
River is very large, which indicates these two roads play the most important role in terms of the city traffic

movement.

In terms of vehicle type, higher motorbikes and public transport vehicles are observed in the city center
area (No. 1 to No. 3 of the Table below), while the number of trailers is the largest at No. 7 and No. § on
the National Road Route 1, a major traffic route for logistics between Djibouti and Ethiopia. The number
of trucks and trailers using the Palmeraie Road is relatively large, as it is an important road connecting the

old Port of Djibouti.

Table-3  Results of Traffic Volume Survey (Sectional Traffic Volume)

unit : Number

N Survey Site Survq Traffic Volume by Vehicle Type
Duration | Motorbike Car Public Truck | Trailer Total
1 Arhiba 14hr 1,224 5,466 6,875 499 3 14,067
2 Palmeraie 24hr 3,502 17,436 8,047 1,565 1,000 31,550
3 Bridge 24hr 2,184 11,595 7,300 1,237 30 22,346
4 Nagad 14hr 155 1,264 570 479 118 2,586




5 RN2-Douda 24hr 214 1,507 323 392 70 2,506
6 RN2-Lawyade 14hr 7 199 26 51 24 307
7 RNI-PK20 14hr 58 1,412 997 683 1,820 4,970
8 RN1-PK24 24hr 31 999 239 283 2,122 3,674

Note: Nos. 2 and 3 survey data: May 19; Nos. 1, 7 and 8: May 20; Nos. 4 & 5: May 27; and No. 6: May 30

Table-4 shows a comparison with the traffic of the survey conducted by ADR in 2014 for the three roads
crossing the Ambouli River. The total daily traffic volume crossing Ambouli River in 2014 and 2021 was
39,946 and 51,079, respectively, showing an increase of 11,133 per day, or 28%. In terms of traffic volume,
Italy Bridge was serving more traffic seven years back, but it is now overtaken by Palmeraie Road. In
addition, the traffic volume of the Nagad Road is still small but the growth rate is significant showing that
development along the road has been progressing.

Table-4 Comparison of 2014 and 2021 Survey Results

Name of Traffic (veh./day)

Ne crossing (A) 2014 (B) 2021 (B-A) (B/A)
2 Palmeraie 16,274 28,048 11,774 1.72
3 | Italy Bridge 22,192 20,162 -2,030 0.91
4 | Nagad 1,480 2,869 1,389 1.94

Total 39,946 51,079 11,133 1.28

Note: Traffic figures are compared excluding motorbike.
Source: 2014 survey data are provided by ADR.

5. Present Status of the Transport Sector of Djibouti City

Upper Plan

In 2014, the Ministry of Economy and Finance of Djibouti announced Vision Djiouti 2035, a national
development plan with a target year of 2035, which aims to promote the growth and transformation of the
country with the goal “making Djibouti a lighthouse of the Red Sea and a hub of African Industries and
Transport”. In the plan, the future population of Djibouti is planned and the annual economic growth rate
is set at 7-8% per year until 2035.

SCAPE 2015-2019 was developed as a strategy to define priority actions and goals to implement and
achieve during five years from 2015, following the approval of Djibouti Vision 2035 by the Cabinet. The
main goal of the development strategy for the transport sector is defined as “strengthening its function as
a regional multimodal transport center in the Horn of Africa.” The strategy underlines the need to ensure
the country’s status as a major and privileged port for Ethiopia by maintaining and strengthening the
competitiveness of a logistics chain. At the same time, it points out the importance of developing the
domestic transport system, i.e., roads, for a balanced development and growth, and for the diversification
of the economy of the country.

In addition, this plan was decided by the Ministry of Housing, Urban Planning and Environment in
accordance with "Vision Djibouti 2035", and it has set the goal of "balanced development and growth of
both east and west districts" across the Ambouli River. Then, road improvement connecting east-west
urban districts separated by the Ambouli River, widening of existing roads, ring roads, LRT, etc. have
been proposed for smoothing road traffic in the city. Among them, four major routes are positioned as
important to connect east and west districts and to realize and promote the development of bases of the
mentioned area (see Figure-10).

Concerned Organizations

The following four organizations are relevant to the transportation and traffic sector.

v" Ministry of Infrastructure and Transport /ADR:

This organization is responsible for overall transport policy in Djibouti, and it was the agency
in charge of the Djibouti side of the “Urban Mobility Improvement Study” conducted by the
World Bank in May 2020.



v Free Zone Authority / DPFZA:

This organization is responsible for the development and operation of ports and free zones. The
Djibouti Ports Corridor Road (DPCR), a subordinate organization of this organization, is in
charge of planning, maintenance and financing of the international corridor connecting Djibouti
Port with neighboring countries.

v Ministry of Agriculture, Water, Fisheries, Animal Industry and Fisheries Resources  MAWFLFR:
This organization is responsible for flood control in Djibouti and is the administrator of major
rivers in the country. It is also the implementing organization of the Ambouli Friendship Dam
Project which was implemented with Turkish assistance in the upper Ambouli River basin and
completed in May 2019

Marine Traffic

The Port of Djibouti handles large transshipment goods because of its ideal geographical location. In
addition, the port also functions as a gateway for Ethiopia and about 80% of import is bound for Ethiopia.
The export volume is 1/10 to 1/5 of that of the import, of which about 70% is transshipped goods (see
Figure-11).
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Railway Traffic

The railway in the Republic of Djibouti was first constructed by a French company in 1917 as the Ethio-
Djibouti Railway (connecting the Port of Djibouti and Addis Ababa). A new railway adjacent to the old
one was constructed as a new because of its difference in the gauge width and the propulsion system.
Regarding the financing of the new railway, 70% of the investment of a total of 3.4 billion dollars was
supplied by the Export-Import Bank of China and the construction was completed in 2017. The railway is
being operated by two Chinese companies under a six-year operation agreement with public railway
corporations of Djibouti and Ethiopia. The train has to go up from the Port of Djibouti located Om above
the sea level to Addis Ababa located 2,300m above the sea level, in a distance of about 700km. Therefore,
it requires a system with a strong propulsion, and it was decided to introduce an electrified railway system.
The section connecting Sebeta and Adama via Addis Ababa was constructed to have double tracks as a
large demand was expected and the remaining route between Adama and the Port of Djibouti was
constructed to have a single track (see Figure-12).

New Standard Gauge Une
w— Old Narrow Gauge Une

Source: https://en.wikipedia.org/wiki/File:Bahnstrecke Addis_Abeba%E2%80%93Dschibuti.png

Figure-12 New and Old Railway Routes between the Port of Djibouti and Addis Ababa

Freight between Djibouti and Ethiopia is transported by both trucks and railway. The railway service
started in 2018 and trains run to and from the Port of Djibouti and Addis Ababa, and currently the daily
freight train frequency is limited to three round trips. Railway freight has a share of about 13% of the entire
freight (freight volume carried by one train is equivalent to that of 53 trucks). The final goal is to increase
the daily frequency of the freight trains to 19 round trips.

Urban Transport Sector

The modal split in Djibouti City is as follows: 20% travel by public transport, 50% on foot, 3% by own
car and remaining by taxi and company bus (World Bank survey). The city has no established bus routes
or bus stops, and the bus driver chooses the route to serve depending on the demand, which means
customers can get on and off the bus wherever they want. Although the bus routes are not established,
buses mostly serve routes connecting the east and the west sides of the Ambouli River and there are about
44 route.

Table-5 shows the number of public transport vehicles using the two bus routes crossing the Ambouli
River based on the current survey. The total traffic of the two routes exceeds 1,400 vehicles during the
morning peak hour (i.e., one hour in the morning peak time). By multiplying the number of vehicles by
average number of passengers by vehicles type, the largest number of the peak-hour peak-direction traffic
volume of Palmeraie and Italy Bridge routes is found to be 6,164 people, and 5,300 people, respectively
(Table-6). Normally, the number of passengers that a bus can handle is said to be around 4,000 per hour
(i.e., peak hour, per direction). Since the current passenger volume significantly exceeds the normal bus




capacity, it can be said that it is the time to introduce new urban transport systems (articulated bus, BRT,

LRT, etc.).

Table-5 Number of traffic through Ambouli River (morning peak 1 hour)

Bajaj Taxi Minibus Midibus Total
To City Center 0 169 93 157 419
E*(‘)l:(lfraie To Suburb 2 102 157 100 361
Subtotal 2 271 250 257 780
To City Center 1 111 50 149 311
Italy Bridge To Suburb 2 79 143 112 336
Subtotal 3 190 193 261 647
To City Center 1 280 143 306 730
Total To Suburb 4 181 300 212 697
Subtotal 5 461 443 518 1,427

Table-6 Number of traffic through Ambouli River (morning peak 1 hour)

Bajaj Taxi Minibus Midibus Total
To City Center 0 338 1,116 4,710 6,164
Eahzera‘e To Suburb 8 102 942 1,500 2,552
oa
Subtotal 8 440 2,058 6,210 8,716
To City Center 8 222 600 4,470 5,300
Italy Bridge To Suburb 8 79 858 1,680 2,625
Subtotal 16 301 1,458 6,150 7,925
To City Center 8 560 1,716 9,180 11,464
Total To Suburb 16 181 1,800 3,180 5,177
Subtotal 24 741 3,516 12,360 16,641
Status of Movement of Goods
. veh./month
The volume of truck traffic on National Road ¢ )
Route 1, the main route for transporting goods 45000
between Ethiopia and Djibouti, is increasing SR
every year, indicating the significance of logistics g
between the two countries (see Figure-13). At %
present, Ethiopia uses the Port of Djibouti to il
. 20,000
import or export almost all goods. In July 2018, .
however, the leaders of the governments of oo
Ethiopia and Eritrea signed an agreement to o0
normalize the two countries’ relations, and as the ' .
result, Ethiopia is expected to use the ports of 8282222373393 33933493 25
Eritrea, for mainly freights to or from the S32<3888262238325325328¢2
northern part, which is geographically closer.  Source : ADR

Therefore, Djibouti needs to take necessary
measures to ensure its competitiveness over
Eritrea.

6. Flood Risk Analysis in the Target Areas

Calculation of Flow Capacity

Figure-13 Changes in the Truck Traffic Volume

on National Road Route 1

Based on the results of the river topographic survey, the discharge capacity of the current river channel
was calculated. The calculated section was from the survey starting point to about 4km upstream. The
discharge capacity was evaluated separately for the right bank "height" and the left bank "height". The



discharge capacity of the right bank is approximately 500 - 1,000 m3/sec, while that of the left bank is
100-300m3/sec. At the time of the right bank embankment construction in 2008, the discharge capacity
was estimated to be 1,200 m3/sec, and the current discharge capacity has decreased significantly. Although
the decrease in discharge capacity is a cause of flooding, no overflow of water has been recorded for these

sections since the embankment was constructed in 2008.

ore . . . Table-7 Return Period and
Probability Daily Rainfall Analysis Probable Daily Rainfall

The probable rainfall was calculated based on the data of annual

maximum daily rainfall for 40 years from 1980 to 2020 as shown in | Returnperiod | Probable daily
the Table-7. (1/year) rainfall (mm)
200 357.8
Evaluating the Flood Occurrence Scale 100 292.0
Based on the results of the probability rainfall analysis, the 50 233.8
probability evaluation based on the daily rainfall of major floods is 30 195.5
shown in Table-8. From this table, the 1989 flood (180 mm) is ?g ingg
evaluated as the most significant 27-year flood. In recent years, the 5 37 4
2019 flood is 170 mm and is assessed as a 25-year event. 5 n 4: 5

Table-8 Probability Evaluation for Major Floods and Rainfalls in Djibouti

SN Period of Events Totz.atl Amount of Daily Rainfall Return Period
rainfall (mm) (mm) (1/year)

1 1989.4.6-10 507 180 27
2 1994.11.22 360 38 <2
3 2004.4.11-14 93 90 7

4 2013.3.25 - 33 <2
5 2018.5.19-21 181 111 8

6 2019.11.21-25 444 170 25
7 2020.4.20-21 80 80 <5

Ambouli River Improvement Plan

The planned flow rate of the Ambouli River at the crossing of the Palmaraie Road was set at 1,500 m3/s,
the same as upstream of the Italy Bridge. According to the evaluation of the daily rainfall of the existing
flood group based on probable daily rainfall, this probability of flood occurrence is about 25 years.
Increasing the probability flow rate to 30 or 50 years would improve safety, but the cost of improvement
would be significantly higher, requiring extensive improvement of the Ambouli River, including the
replacement of the Italy Bridge. This is not a reasonable improvement plan at this time, and it is decided
that a realistic and urgent response is needed at this time with a possibility of future expansion.

Two alternative river improvement plans were considered: one to handle the planned flow rate only in
the main stream, and another to handle the planned flow in the main stream plus sub-stream. The standard
cross sections of the river plans are shown in Figure-14, Figure-15, and Figure-16.

Main Stream Improvement Plan Main+Sub-Stream Improvement Plan

: . \
jimprovement of
Intersection

3 Improvement g
Intersection

Detour
(Temporary Work)

Figure-14 Two (2) Alternatives Examined in River Improvement Plan

10



Ambouli River Q=1500m3/s
%6 Bank Width

40m
4 “ _V474m

[ Q= 1,500 m3/sec
4 3 74

} HW.L:3.74m Elevation of Inland

Elevation of Inland Bank Slope Gradient 37m
3.0 m} 1:1
2
\ Channel Slope Gradient
1 |
11
0
0 0 | 10 6 V-0.67mo 100 12 140 160
-1 * .-
95m  River Channel Width at Riverbed y

Figure-15 Typical Cross Section (Main Stream Improvement Plan, Q=1,500 m3/sec)
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Figure-16 Typical Cross Section (Main+Sub-Stream Improvement Plan,
Q=1500m3/s [Q1=1160m3/s, Q2=340m3/s| )

7. Identification of Problems and Investigation of Countermeasures Related to Strengthening
Logistics

Forecast of Future Traffic Demand

Changes in traffic volume are closely related to the country’s socio-economic changes. Djibouti City
has two distinct traffic: urban traffic and trans-border freight traffic. The urban traffic or domestic traffic
in general is closely related to the socio-economic change of the city or the country, while that of the
freight is mainly driven by the demand of the neighboring countries, particularly Ethiopia, a landlocked
country which heavily depends on Djibouti. Therefore, the two kinds of traffic are forecasted separately
as shown in Figure-17.
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Identification of Problems in the Transportation and Logistics Network

From the existing data and the traffic volume survey and road inventory survey in this study, seven
problems related to road transportation in the target area were identified. These were summarized and the
following four issues were identified: (1) strengthening of the logistics network, (2) development within
the city, (3) facilitation of traffic in the city, and (4) planning for flood control (Table-9).

General traffic growth rate of 3.97% per annum, which is
¢ the ADR estimate, was adopted.

International cargo growth was assumed to be 8.17% per
Freight Traffic

annum, referring to Ethiopia's GDP growth rate (IMF

estimate)
Traffic volume (vehicles/day)

City Socio- Current Future Future
economic GDP Changes (Year 2021) | (Year 2030) | (Year 2035)
Changes Palmeraie Road 31,550 45,100 54,800

AAGR: AAGR: Italy Bridge 22,346 31,700 38,500
3.97% M 8.17% Nagad Road 3,052 4,300 5,300

Figure-17 Procedure of Traffic Demand Forecast

Table-9 Identification of Problems in the Transportation and Logistics Network of Djibouti City

Issues Overview and Main Cause Challenges

0  Division of the city by the Ambouli river (lack of crossing road)

(@ Defectiveness on road O Division of the city by Djibouti - Ethiopian railway (lack of crossing
network road)

U Disconnected and bad alignment road network in the district

Stregthening the
logistics network

Deterioration of pavement due to lack of maintenance ability and

(@ Unpaved and deteriorated inadequate system

pavement
U Many unpaved roads due to lack of budget .
- - Improving urban roads
@ Deterioration of road U Deterioration of road structures due to lack of maintenance ability
structures and inadequate system

O Ford structure of roads that cross the Ambouli River (Parmeraie
Road, Nagat Road)

Sedimentation in rivers due to lack of maintenance

@ Road flooding (outside

water)
Facilitationg urban traffic

® Road flooding (inland

Underdeveloped city drainage facilities and lack of maintenance
waters)

Occurrence of traffic congestion due to insufficient capacity at

® Occurrence of road ) )
intersections

congestion Planning flood control

Deterioration of congestion due to street parking

Lack of public transport services and safety

0O 0og

@ Lack of public transport

Concentration aof services on specific routes

For the four categories to which issues are summarized in the previous section, the following three types
of measures are proposed: "Structural measures" such as road maintenance and introduction of a new
transportation system, "Non-structural measures" which are centered on traffic regulation and
enhancement of traffic management, and "Flood-control measures" for the problems of river flooding and
urban drainage problems, which hinder logistics and urban traffic (see Table-10).

v Strengthening the Logistics Network: The improvement of the three trunk roads that cross the
Ambouli River is desired along with the improvement of the Ambouli River. In addition, it will
also be necessary to review the logistics system with Ethiopia, which is dominated by road
transportation, by effective use of the Djibouti-Ethiopia railway. It is also desirable to review the
logistics system in line with the future development plans in Damerjog and Nagad areas.
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v" Improving Urban Roads: It is necessary to alleviate traffic congestion in the city, and to improve
drainage facilities in the city. Measures to alleviate congestion in the city include eliminating
unpaved sections, improving intersections, and improving access roads to newly developed areas.

v Facilitating Urban Traffic: Public transportation is essential for the Djibouti City for the daily
lives and economic activities of the citizens, but it is not properly managed currently. It is
necessary to build a public management system and consider the introduction of new public
transportation system. In addition, the enhancement of traffic management to alleviate traffic
congestion in the city is also important.

v" Planning for Flood Control: The overflowing of the Ambouli River and flooding of urban areas
during the rainy season, which recurs every year, is directly caused by the lack of maintenance of
river areas and inadequate drainage systems. However, there is a lack of a flood control plan to
comprehensively plan, implement, and maintain these measures.

Table-10 Study of Countermeasures to Strengthen the Logistics Network in Djibouti City

Structural measures

Non-structural measures

Strengthening the
logistics network

+ Improvement of the roads crossing the

Ambouli River (Palmeraie Road, Italy
Bridge, and Nagad Road)

+ Road development in line with the planned

development of the Damerjog and Nagad

Separation of trunk logistics and city
routes (restriction of the movement of
the large trucks in the city)
Installation of axle load gauge

+ Effective utilization of Djibouti-

Improving urban
roads

Intersection improvement (structural
improvement, installation of advanced traffic
lights)

+ Rehabilitation of the missing road (Vietnam

Road) connecting Italy Bridge and Palmeraie
Road

Balbala area road improvement (collector-
distributor road improvement, pavement
improvement)

+ Road development in the newly developed

arca

areas Ethiopian railway
+ Maintenance of trunk urban roads (especially Planning of road maintenance
in the east-west direction) Strengthening of ADR

implementation capacity
Securing funds for road maintenance

Facilitating urban
traffic

Introduction of new public transportation
system (BRT, etc.)

Introduction of measures prioritizing public
transportation (bus only, priority lane, bus
priority signal, etc.))

* Street parking regulations
+ Advanced city traffic management

(introduction of advanced traffic
lights, traffic control system, etc.)

Planning for flood
control

River improvement of Ambouli River
Improvement of drainage facilities in the city
Installation of mobile pump vehicles

* Flood Warning System

8. Direction of Assistance and Selection of Specific Measures

Direction of Assistance

Assisting Djibouti, which is an important international partner for Japan, in solving various economic
and social development problems through strengthening the country’s national infrastructure contributes
to the stabilization of the East African region and the revitalization of the regional economy. Therefore,
such aid would be highly valued and have quite significant impact. Since various aids from different
organizations and countries including the World Bank, China, the Saudi Foundation, etc. are being
provided in the area, as described in Section 3.3.4, identifying the role of the Japanese aid from other
donors is needed. In other words, the support that shows Japan’s concrete presence among other active
donors, including China and the United States, is required.

In order to ensure the continuity of the Japanese government's support to the region and to distinguish
it from other donors, the following four points were set as the specific directions of the support:

(1) Strengthening the connectivity between the east and west urban areas that are divided by the
Ambouli River.
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(2) Development of a reliable international logistics network.
(3) Development of roads that contribute to urban and industrial development in the city.
(4) Development of a safe and comfortable road network in the city.

Selection of Specific Measures

Specific measures were identified in response to the defined directions of support, and these measures
were compared and evaluated in terms of urgency, appropriateness, and feasibility. We then compared and
evaluated them in terms of urgency, relevance, and feasibility, and selected the one that was evaluated the
most, "Improvement of the road crossing the Ambouli River," as the concrete countermeasure.

Flooding of the Ambouli River, which divides Djibouti City into east and west, has been recurring every year
and has had a significant impact on the lives of citizens and economic activities. There is no doubt that the
development of roads that are resistant to flood damage is highly evaluated in terms of urgency and relevance.
In addition, improvement of urban drainage systems and pavement condition to strengthen the functions of the
capital city are also considered to be extremely important measures, but the scope of the project may be too
wide and the project cost may be huge. Therefore, the evaluation was low in terms of their appropriateness as
grant aid projects. The necessity and effectiveness of other measures are also recognized, but there are
significant challenges in implementing them. As a result, it is thought that this should be further examined in
the future.

Selection of Priority Road Improvement Projects

As shown in Table-12, there are three possible alternatives for the "Improvement of roads crossing the
Ambouli River" that was selected as specific measures.

The Palmeraie Road improvement (widening and bridge construction) was selected as the priority
improvement project here. The reasons for this are as follows.

Italy Bridge was reinforced in 2017 and heavy vehicles are restricted from using it. However, the bridge
itself was never flooded, and it is still serving as a trunk road. Since it also serves as an alternative to the
Palmeraie Road when it is flooded, the need to reconstruct it prior to the improvement of the Palmeraie
Road is low. However, in the future, six lanes will be necessary to handle the future traffic volume, and as
it is also aging, the bridge will need to be replaced.

The traffic on Nagad Road is currently a low, but this may change and it could become an important
route once the Damerjog area is developed. However, the SDAU is planning an outer ring road in the
future, and this may diminish the role of the Nagad Road. Therefore, the direction of its development
should be examined in consideration to the progress of future developments.

Palmeraie Road is the busiest and most important road crossing the Ambouli River. However, it is
flooded and becomes impassible when heavy rainfall, resulting in a serious hindrance to logistics and daily
life activities of the citizens. In particular, the loss of access to heavy trucks would be critical for Djibouti,
so immediate action is needed.

Direction of Assistance

Concrete Measures (Draft)

Proposed Projects (Draft)

P
Enhancement of connectivity of O  Strengthening of the three roads crossing
(DImprovement of roads N . K
the east—-west urban area ine the Ambouli River t the River (Palmeraie Road, Italy Bridge,
divided by the Ambouli River EEIITES 1S AL R 12 > and Nagad Road)
deal with flood risk L
\EI River improvement, etc.
. ~N
Development of reliable O Improvement of urban drainage system
. ) e . (@Enhancement of road S
international logistic trunk lines . . . ————» 1 Improvement of unpaved roads in cities
functions as the capital city X
O Development of Outer Ring Road
_
Construction of roads that O  Development of new city areas (Farah
; @Development of access roads
contribute to urban and Had, Balbala Sud, Nagad)
. . . to new urban areas and — . .
industrial development in the . . O  Development of industrial bases (Nagad,
. industrial development areas .
city Damerjog)
Ve A\
) U Introduction of new transportation
@Development of a public P
Development of a safe and E systems
. transportation network to —_— . . .
comfortable city road network ) O Introduction of public transportation
support urban transportation L
priority measures, etc.

Figure-18 Identifying the Direction of Support and Concrete Measures (draft)
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Table-11 Evaluation of Concrete Measures (draft)

Evaluation Items Comprehe-
Urgency | Validity | Feasibility nStve
evaluation
1. Improvement of roads crossing
the Ambouli River to deal with © A ©
flood risk
2. Development of new urban
areas, and devel.opmen.t of A O A
access roads to industrial
development areas, etc.
3. Enhancement qf road functions A O 0O
as the capital city
4. Development of a public
transportation network to A A A
support urban transportation

*The meaning of each evaluation
is as follows;

+ Urgency: Is it addressing issues
that need to be addressed
immediately?

+ Validity: Is it appropriate as a
Japanese grant aid project? Can it
show Japan's presence?

- Feasibility: ~Are there any
obstacles such as maturity of the
plan, difficulty of the project,
etc., to the implementation of the
proiect?

Note) © : Excellent, O : Good, /A : Average

Table-12 Alternatives for the Improvement Roads Crossing the Ambouli River

Traffic volume
Currng/dalg?l rove Current Improvement policy
(2021) (2035)
* Highest traffic volume in the * Widening to 6 lanes
Palmeraic city . * Reducing congestion at nearby
Road 31.550 54800 | ° There is a lot of general traffic intersections .
(4-lane road) ’ ’ as well as logistics related to * Responding to increasing bus traffic
Djibouti port. * Improvement of the structure to
* Major bus routes prevent flooding even during floods
* Second busiest road in terms * Widening to 6 lanes
of traffic volume, next to * Responding to increasing bus traffic
Italv Bridee Palmeraie Road * Reinforcement or replacement
(4_13116 roz;gd) 22,346 38,500 | « Damage was discovered and
repaired in 2017. Since then,
large vehicles are restricted
from using it.
* Traffic volume is low, but the | * Measures against flooding
(1\21?1%1?1% Ir{:;(?) 2,586 5,300 | ratio of large vehicles is high.

9. Consideration of Priority Project Plans

Examination of Palmeraie Road Measures

There are many facilities along the Palmeraie Road, including those under construction, and the river
conditions must meet the requirements necessary to plan the river crossing structures, After examining
several alternatives, an outline design will be made for the best alternative, and the project cost will be
calculated. The conditions that must be taken into consideration for the examination of alternatives are

shown in Table-13.

Table-13 Basic Conditions for Palmeraie Road Countermeasures

Item

Assumptions

1. Target year for
planning

2035 (roughly 15 years from now)

2. Design traffic
volume

2021: 31,550 vehicles/day (4 lanes), 2025: 37,000 vehicles/day (6 lanes)
2030: 45,100 vehicles/day (6 lanes), 2035: 54,800 vehicles/day (6 lanes)

3. Exclusive bus lane

Not considered at this time
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4. Improvement of the
Ambouli River

In order to make the road passable in all weather conditions by installing a river
crossing structure, river channel improvement will also be carried out.

River cross-section enough for the design flood discharge should be secured (to
be set separately).

The embankment will be constructed from the downstream side of Italy Bridge
to about 100m downstream of the Palmeraie Road. In the downstream of the
embankment, the river channel will be excavated.

5. Type of river
crossing structure

Since this is an important route and the Italy Bridge is located nearby upstream
of the river, the structure will be basically the same as that of the Italy Bridge.
Culvert type (multi-story structure) was judged unsuitable because the cross-
sectional blocking ratio is not satisfactory and it has maintainability issues.

6. Main obstructed
properties

FTZ facility (owned by Chinese company, temporary and can be relocated)
Flower Park (under construction by a Chinese company)

High-voltage power line (63kV).

Railroad between Djibouti and Ethiopia.

7. Future plans

Touch Road is a new urban planning project. An MOU was signed with the
Djibouti government in 2014, but the progress of the project has not yet been
determined. Land ownership has not been delegated, but care must be taken when
planning permanent structures up to the river mouth.

Examination and Evaluation of Proposed Countermeasures

Based on the previous conditions, four possible alternatives were proposed, and three of them were
selected from the overall perspective of the river alignment, impact on roadside facilities, and impact on
the surrounding environment. In addition, three additional alternatives were selected to tackle the issues
identified in the study process. As a result, it was determined that "Additional Alternative-2" was superior
to the local conditions.

Outline Design

The conditions for the outline design are as follows.
-Road Classification: Class 4, Class 1
-Design speed: 50km/h
-Others : The width of the roadway is 3.25m, which is the standard width of the road.
A median strip was placed to ensure safety of traffic.

The width of the shoulder is reduced so that traffic can be maintained even when a broken-

down vehicle is stopped.
A sidewalk is secured for pedestrian use (same for the upstream Italy bridge).

Note: The actual final road width should be determined by considering the project cost through

outline calculations.

Earth Work Section

24.50~27.25m

05 1.5~ 05~ i 05~ 15<
21225 075 3@325 100175  3@3.25 0,75, 2.250.5
Shoulder | Carriagewpy Me;dian , ‘

ide Walk ! ' !

. L

Bridge Section
25.70~28.45m

0.6 225 075  3@325 100~175  3@325 075 .2.2508§
Side Walk| Shoulder 1 Carriagevyay Me;dian , \ ‘ ‘

Figure-19 Typical Width of Planned Palmeraie Road
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The type of the bridge superstructure to be planned for the river crossing is "PC hollow slab bridge" for the
following reasons in consideration of the surrounding environment and constraints of the bridge location.

- Steel bridge types were not used because of maintenance issues such as painting for rust prevention.

- Special bridges such as cable-stayed bridges and suspension bridges are not suitable for the scale of the
bridge and require a large number of members. The number of members is large, and maintenance and
management are inferior, so they should not be used.

- A concrete bridge was chosen as the basic structure to prevent salt damage, and a high strength prestressed
concrete bridge was chosen as the basic structure.

- In order to minimize the changes in the longitudinal profile of the road, the girder height should be kept
low and the type of bridge should be easy to maintain in the future.
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Table-15 Summary and Evaluation of the Alternatives for Palmeraie Road Countermeasures

Alternative 1

Main Stream Improvement

. Partial relocation of FTZ facilities (the Flower Park is currently under construction,
Assumptions e .
and demolition is expected to be difficult.)
Item Plan Item Plan

Bridge Length 115m Earth work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location

Width of Lane 3.25m Else

Side Walk 1.5mx2

Estimated Cost

4,600 million yen

Evaluation

- The river alignment will not change significantly.
- In order to connect the road to the entrance/exit of the FTZ facility, the longitudinal
length of the road needs to be about 6%. From the viewpoint of driving safety, it is
desirable to keep it at about 2.5%. In this case, a separate side road arrangement will
be required to connect to the FTZ facility. By raising the entire road, the road surface
height is set higher than the HWL.
- The partial relocation of the FTZ facility will take time to coordinate with the
administrator, which may affect the progress of the project.

Alternative 2

Sub-stream Improvement

. Agreements with relevant organizations on the treatment of the main stream site
Assumptions
along the park
Item Plan Item Plan
Bridge Length 108m Earth work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Width of Lane 3.25m Else
Side Walk 1.5mx2
Estimated Cost 4,300 million yen
- As there are no restrictions on the sub-stream side other than the FTZ facility, it can
be crossed at right angles to the Palmeraie road. However, the excavation of the river
bed will be the largest among the alternatives.
Evaluation

- The location of the improved river is far from the Flower Park and the intersection on
the east side, so the connection to these facilities is relatively easy.
- The Park is planned and developed along the current alignment of the main stream,

and it is expected that it will take time to coordinate changes in the river channel and
disposal of the site.

Alternative 3

Main and Sub-stream Improvement

Assumptions Detailed study of river diversion plan
Item Plan Item Plan
Bridge Length 87+51m Earth work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Width of Lane 3.25m Else
Side Walk 1.5mx2
Estimated Cost 5,200 million yen
- The total project cost will be the highest among the three proposals because the total
bridge length will be the longest.
. - The overall project cost will be the highest among the three proposals because the
Evaluation

total bridge length will be the longest, and the issue of the longitudinal alignment of
the road to connect the entrance and exit of the FTZ facility is the same as in
Alternative 1. The length of river improvement will be longer, and the burden of

maintenance and management after improvement will be higher than other proposals.

Note: Estimated cost includes detour construction, relocation of buried pipes such as power and communication pipes, consultant
cost, and contingency cost.
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Table-16 Summary and Evaluation of the Additional Alternatives

for Palmeraie Road Countermeasures

Add.
Alternative 1

Add.

Special Retaining Wall Arrangement

. Partial relocation of FTZ facilities (The Flower Park is currently under construction,
Assumptions . .
and demolition is expected to be difficult.)
Item Plan Item Plan
Bridge Length 115m Earth Work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Lane Width 3.25m Else Special retaining
Side Walk 1.5mx2 wall
Estimated Cost 4,500 million yen

- A special retaining wall (assuming concrete sheet pile) will be placed on the left bank
downstream from the Palmeraie Road, where the river cross section is close to the
. FTZ, to avoid relocating part of the FTZ facilities.
Evaluation . s ..
- Construction cost will increase due to additional structures.

- The longitudinal road plan to connect the FTZ facility and the park to the entrance/exit
is the same as the Alternative 1 shown in (7).

Alternative 2

Add.

Simple Improvement of Left Bank Dike.

. The dike on the left side of the river should be improved at the same simple level as
Assumptions .
upstream of the Italy bridge.
Item Plan Item Plan
Bridge Length 108m Earth Work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Lane Width 3.25m Else Left side dike
Side Walk 1.5mx2 improved simply
Estimated Cost 4,300 million yen

The improvement of the left bank of the river will be limited to a simple dike

equivalent to the one upstream of the Italy Bridge to avoid countermeasures against
. the FTZ facility.

et Improvement of the left bank of the river will be carried out at the time of future

planned flow in consideration of climate change. In this case, upstream

improvements including the Italy Bridge are also necessary.

It is possible to reduce investment in FTZs whose future existence is unclear.

Alternative 3

Road Improvement with Detour Road Alignment

Assumptions Detailed study of river diversion plan
Item Plan Item Plan
Bridge Length 108m Earth Work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Lane Width 3.25m Else Simple dike(left
Side Walk 1.5mx2 bank)
Estimated Cost 4,500 million yen
- It is the most economical among the alternatives due to the reduction of detour
construction cost and the reduction of the scale of left bank river improvement.
- The construction cost for relocation and restoration of buried pipes can be reduced,
Evaluation

and the construction period can be shortened accordingly.

- In the longitudinal road plan, coordination with FTZ facilities and park entrances and
exits is unnecessary.

- The construction of the bridge is constrained by the presence of high voltage lines
above the planned bridge site.

Note: Estimated cost includes detour construction, relocation of buried pipes such as power and communication pipes, consultant

cost, and contingency cost.
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Add. Alternative-2: Simplified Improvement of Left Bank Dike

[JICA Project] Design Flow Rate Q=1500m3/s

4 Protection around
bridge abutments

|
Bridge-1:

L=115m
W=25.70m

Drainage structure

\ i
Simplified Dike

VHWL+/H

As for river improvement, as in the current
situation upstream of the Italian Bridge,
dikes will be built only on the right bank
(city side), while the left bank will be

\_ improved simply.

[Future Plan] Design Flow Rate Q=1800m3/s

Special
Retaining Wall

Bridge-2:
L=50m
W=25.70m

Figure-20 Outline of Plan (Add. Alternative-2)
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Examination of Related Improvement Plan (Intersection Improvement)

The Palmeraie Road intersects with other roads at both ends. As shown in the figure below, the eastside
intersection is signalized and the west side one is roundabout.

Figure-22 Palmeraie Road Intersection and Roundabout

(1) Eastside intersection
Current Status Analysis

As shown in Figure-23 the eastside intersection has heavy traffic from the direction of Balbala to the
city center during the morning peak hours. This is especially noticeable for the traffic turning left onto
Venice Road at the intersection. During the afternoon peak hours, the traffic in the opposite direction
turning right from Venice Road and turning left from Fun City toward Palmeraie Road is high.
Furthermore, the inbound EDD approach has only one lane, and although the traffic volume is low and is
almost all through traffic towards Palmeraie Road, the efficiency of this intersection depends largely on
the treatment of this traffic.

Table-17 shows the estimated intersection saturation and congestion by approach using traffic volumes
and signal plan in the morning peak when the traffic is highest. The current intersection saturation is 1.011,
which is above the standard (less than 0.9), and some countermeasures are needed even in the current
situation. In addition, the congestion level of Palmeraie Road and EDD approaches is high.

Morning Peak Hour Afternoon Peak Hour
g
Venice Venice
e /) ) /
. N 25—
3 =X = — 2o
T — g m R Ee— - N S
g /‘l/?\ (w) o = =5 == 4
& =B 7—-‘\ = ﬁ = \ 5
@ = \ /
= WY DA%
‘ MU \;' l I\;I
—" oo w . o
§ = 2 8
Fun City ~ (Unit: PCU/Hour) Fun City (Unit: PCU/Hour)

Figure-23 Volume of the Traffic Passing through the Intersection on the East Side of Palmeraie
Road
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Table 17  Results of the Calculation of the Saturation at Intersection (current situation)

Entrance Palmeraie I Venice | EDD I Fun City

2 Cycle length (seconds) 140
‘g 2 |Loss time (seconds) 16
-2 14 0353
_g % Signal phasp 2¢ 0.111
g 2 demand ratio | 3¢ 0,295 g
£ = 44 0252 £
A Degree of saturation of| 1.011 > 0.9 H

intersection &
= Saturation flow rate 3,640 4,000 1,940 3,800 g
2 Green ratio 0.19 0.26 0.19 0.26
?D 2| Design capacity (PCU/h) 692 1,040 369 988
s Demand (PCU/h) 1282 207 572 764
© Degree of congestion 1.85 0.20 1.55 0.77

Current existing layout

Examination of Countermeasures

There are two ways to reduce congestion at intersections: structural measures, such as addition of new
lanes and grade separation, and non-structural measures, such as the review of traffic regulations and signal
timing. Figure-24 shows 3 at-grade and 1 grade-separated intersection alternatives.

In addition to widening the Palmeraie Road (left-turn lanes from 2 to 3, and total lanes from three),
Proposal A-1 improves Fun City approach (right-turn lane to shared / right turn lane), Proposal A-2
improves EDD approach (shared through/left-turn lane to right-turn lane), and Proposal A-3 combines the
above two improvements (widening Palmeraie approach and improving Fun City and EDD approaches).
Proposal A-4 is a grade-separated alternative elevating two left-turn lanes from Palmeraie Road to Venice
Road, and this requires widening Venice from its current three lanes to four lanes.

Table-18 shows the degree of saturation for each of the above alternative intersection plans for the years
2025, 2030, and 2035. The degree of saturation level of Proposal A-1 exceeds 0.9 except for the current
condition and it will not able to handle the future traffic volume. Proposal A-2 can be handle the traffic
until 2030, while Proposals A-3 and A-4 can handle until 2035.

The grade-separated intersection will ensure smooth flow of the left-turn traffic from Palmeraie Road
to Venice, but the degree of saturation will be the same as that of Proposal A-3. In addition, the cost will
be large, and there are still physical challenges, as the project may be affected by the high-voltage power
lines that cross the Palmeraie Road. Therefore, Proposal A-3 is recommended in this study.
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Proposal A-1 Proposal A-2

e Palmeraie: A left turn lane added (from one lane to two | @ Palmeraie: A left turn lane added (from one lane to two
lanes) lanes)
e Fun City: Right-turn lane=Through-right lane e EDD : Left-through lane = Right-turn lane

Proposal A-3 Proposal A-4

b

e Palmeraie: A left turn lane added (from one lane to two e Palmeraie: Left-turn lane elevated (two lanes)
lanes) e Fun City: Right-turn lane = Through-right lane
e Fun City: Right-turn lane = Through-right lane e Exit side of Venice Road: 1 lane added (from 3 to 4
e EDD: Left-through lane = Right turn lane lanes)
e EDD approach: Left- through-right lane = Through-
right lane

Figure-24 Improvement Alternatives for the Eastside Intersection of Palmeraie Road

Table-18 Proposed Improvement Measures for the Eastside Intersection of Palmeraie Road

Measur Saturation rate (AM peak)
casures 2021 2025 2021 2035
Basic Do nothing 1.011 1.180 1.434 1.742
A-1 Palmeraic: L-LT-R>>L-L-LT-R 0.834 0.974 1.182 1.438
A2 Palmeraie: L-LT-R>>L-L-LT-R 0.598 0.700 0.849 1.032

+ EDD: LTR>>R

Palmeraie: L-LT-R>>L-L-LT-R
A-3 + EDD: LTR>>R 0.494 0.578 0.702 0.853
+ Fun City: L-TL-R>>L-TL-TR
Elevated Palmeraie left turn
A-4 + Fun City: L-TL-R>>L-TL-TR 0.513 0.599 0.727 0.884
+ Restriction of EDD left turn

(1) West side roundabout

The west side roundabout is not a problem in its current state, but when left-turning traffic from the
Draleh direction onto Palmeraie Road increases in the future, it will be difficult to enter from the south
approach. For this purpose, a separate right-turn lane on Palmeraie Road from the south will be required
(see Figure-25).
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Doraleh

Palmeraie

Sh. Osman

Figure-25 Draft Improvement Plan for West Side Intersection

Summary of Measures for Other Project

The Nagad Road improvement and Italy Bridge reinforcement alternatives, which were not ultimately
selected as priority projects, are examined here.

(1) Countermeasure for Nagad Road

As with the Palmeraie Road, the Nagad Road is flooded and traffic is blocked when the water level rises,
and a bridge is required to ensure traffic flow. The road has currently a steep gradient of more than 7%,
and in order to secure traffic during the construction period, the road should be shifted downstream.
Although no records of past floods were found, the river cross-section that corresponds to the planned
flow rate at the Palmeraie Road should be secured. Other planning conditions should be as follows:

The width of the roadway is 3.5m due to accommodate heavy traffic of large vehicles.

Since the number of lanes will be limited by the width of the box culvert under the railway on the
east side, the current two lanes should be used.

The width of the road shoulder should be set so that two lanes can be secured even when a broken-
down vehicle is stopped.

Sidewalks should be installed since it is close to the railroad station and university.

(2) Countermeasure for Italy Bridge (National Route 1)

In order to ensure that the current Italy Bridge are in sound condition for vehicular traffic, two measures
can be considered: (1) repair (reinforcement) of existing bridges and (2) construction of new bridges. After
studying the contents of each of these measures, it is considered that (2) new bridge construction, which
has fewer issues to be addressed, is superior when Japan implements the aid.

10. Examination of Cost Reduction

As a result of discussions with the Government of Japan based on the "Additional Alternative-2", which was
judged to be superior among the alternatives, the following policy was presented regarding the content of support
for the improvement of the Palmares Road.

The measures should be aimed at strengthening against natural disasters.
Further reduction of project costs should be pursued.
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The largest part of the project cost is for bridge construction. However, bridge maintenance is the sole means
of resilience against natural disasters, and it cannot be eliminated, so cost reduction measures in other portions
of the project were considered. The outline of each proposal and the breakdown of the project cost are shown
below.

Basic Plan : All Section , 6 Lane CR. Alternative 1: East Side , 6 Lane
w
O
(=
z S
2 ol [
e . 2 /H - i
P 4
2 9l |
: i
CR. Alternative 2: East Side , 4 Lane, CR. Alternative 3: All Section, 6 Lane (Width Reduction)
Exclude intersection
~ £ W | L_ = ‘ -
/_. 1 Vg mm _ - o

Figure-26

Outline of Cost Reduction Alternatives

Table-19 Cost Breakdown of Cost Reduction Alternatives

Summary Scope of Work Estimated Cost (million yen)
All six lanes between the Bridge Length: 115m River Improvement: 100
east intersection and the west | Bridge Width:  25.70m Bridge: 2,540
£ | intersection will be Lane Width: 3.25m Road, Intersection: 520
2 | improved. Side Walk:  1.5mx2 Relocation utilities: 400
Z Earth Work Width:  24.50m | Others: 210
Mm Intersection: 2 Location Consultant Cost: 337
Contingency Cost: 185
Total 4,300
Six lanes between the east Bridge Length: 115m River Improvement: 100
o | intersection and bridge will Bridge Width:  25.70m Bridge: 2,540
-% be improved Lane Width: 3.25m Road, Intersection: 210
£ Side Walk:  1.5mx2 Relocation utilities: 300
£ Earth Work Width:  24.50m Others: 180
<. Intersection: 1 Location Consultant Cost: 292
6 (East Side) Contingency Cost: 160
Total 3,800
« | Four lanes for only bridge Bridge Length: 115m River Improvement: 100
o | will be improved Bridge Width:  19.20m Bridge: 2,000
= Lane Width: 3.25m Road, Intersection: 80
g Side Walk:  1.5mx2 Relocation utilities: 300
% Earth Work Width: ~ 18.00m Others: 180
‘ Intersection:  --—- Consultant Cost: 236
6 Contingency Cost: 130
Total 3,100
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| All'six lanes with reduced Bridge Length: 115m River Improvement: 100
° road width between the east Bridge Width:  22.20m Bridge: 2,370
'S | intersection and the west Lane Width:  3.00m Road, I{ltersegt'iqn: 470
CLE) intersection will be Side Walk:  1.5mx1 Relocation utilities: 400
= | improved. Earth Work Width:  21.00m Others: 210
< fon- ; Consultant Cost: 315
; Intersection: 2 Location ! :

6 Contingency Cost: 174

Total 4,100

11. Project Evaluation
(1) Necessity of the project

The appropriateness of implementing this project as Japan's grant aid will be evaluated from the
following two points.

Securing Reliable Logistics Functions
Djibouti City functions as a gate for the import and export of Ethiopia?, a landlocked country, and
securing a smooth and safe logistics function between Djibouti and Ethiopia is a major challenge for
Djibouti. The distribution route between Djibouti and Ethiopia is via the Palmeraie Road between Djibouti
Port on the east bank of the Ambouli River and Doraleh Port on the west side, and from Doraleh Port to
Ethiopia via National Route 1. According to the results of the traffic survey, the volume of cargo vehicles
on the Palmeraie Road (point Ne 2) is the highest compared to other points on the route (Ne 7 and 8).

Table-20 Results of Traffic Volume Survey on Logistics Roads (cross-sectional traffic volume)

Traffic Volume by Vehicle Type
Ne Survey Site Survey Motor- Truck +
: Y Duration . Car Public Truck Trailer Total .
bike Trailer
2 Palmeraie 24hr 3,502 17,436 8,047 1,565 1,000 31,550 2,565
7 RN1-PK20 14hr 58 1,412 997 683 1,820 4,970 2,503
8 RN1-PK24 24hr 31 999 239 283 2,122 3,674 2,405

Note: Survey date: Nos. 2 May 19, Nos. 7 and 8: May 20

Strengthening Connectivity Between the East and West Urban Areas

There have been seven major natural disasters in the Ambouli River basin since 1989. In particular, in
recent years, floods have occurred three years in a row, which is assumed to be related to climate change.
The duration of floods ranges from one to five days, during which crossing the Ambouli River is difficult.
Since major urban functions are concentrated on the east side of the Ambouli River and many citizens
usually cross the river to commute to work or school, economic and daily life activities are greatly affected.
In addition, there are only three roads crossing the Ambouli River, including the Palmeraie Road, but only
the Italy Bridge can be used during flooding. It is impossible for the Italy Bridge to handle all the traffic,
which is nearly 60,000 vehicles per day, and this causes a citywide traffic disruption.

According a World Bank survey, 20% of Djibouti City trips are made by public transport, 50% on foot,
3% by private cars, and the rest by cabs and corporate buses. In other words, excluding walking, more
than 90% of the total population uses some form of public transportation, including buses, indicating its
importance in Djibouti. Most of the bus routes connect the east and west sides of the Ambouli River
through the Palmaraie Road and the Italy Bridge (World Bank survey). Based on the results of the traffic
survey conducted in this study, the number of people using public transportation on the Palmeraie Road
and the Italy Bridge was estimated to be over 80,000 per day, indicating the importance of both roads as
bus routes.

This means that strengthening of the Palmeraie Road, which has the function of connecting the east and
west urban areas, is highly appropriate for maintaining a smooth daily life activities of the citizens.

2 About 80% of the import cargo at the Port of Djibouti is destined for Ethiopia. In addition, exports from Ethiopia
have been increasing in recent years, rising to about 30% of total volume (see Chapter 3).
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(2) Calculation of Economic Benefits

The following benefits are expected by widening the Palmeraie Road to six lanes and making it passable
even during floods:

i. Elimination of time loss due to the blocking of the Palmeraie Road during floods (Palmeraie Road
and Italy Bridge)
ii. Benefits related to the reduction of travel and delay time due to the widening of the Palmeraie Road
to six lanes and the improvement of intersections
iii. Elimination of economic losses in the logistics sector caused by the blocking of the Palmeraie Road
during the floods

The project cost was calculated for each fiscal year with the construction period as a 3year (10%,
30% and 60%). The project cost is converted to economic cost by multiplying the project cost by 0.85.
On the other hand, the benefits are calculated from the aforementioned benefits a) to c¢) per 20year
from the start of its operation.

Table-21 shows the results of calculating B/C and EIRR when the discount rate is set at 8%. The
B/C of the basic case and Alt-3: All 6-lanes with reduced width exceeded 1.0, indicating that they are
economically feasible. However, the project costs for these two cases are still large, and there are still
concerns about traffic safety for Alt-3. Thus the evaluation from a comprehensive perspective is
necessary.

Table-21 List of Economic Analysis Results

Project Cost NPV

(biljlion yen) BIC EIRR (%) (billion yen)
Basic case 43 1.138 9.29 0.526
Alt-1: Bridge and east intersection 3.8 0.825 6.07 -0.590
Alt-2: 4-lanes bridge only 3.1 0.703 4.30 -0.819
Alt-3: All 6-lanes with reduced width 4.1 1.193 9.78 0.704

12. Strategies for Project Implementation

Estimation of the Project Scheme
The following is a draft of the items of undertakings by both countries under Japan's grant aid scheme
assumed for this project.

v Undertakings by Japan side: Main work parts including the construction of roads, bridges, or
river improvement work that are eligible for grant aid

v" Undertakings by Djibouti side: The implementing agencies of the Djibouti side will implement
the works listed in the table below in cooperation with the relevant organizations.
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Table-22 Undertakings by Djibouti Side in each Project Phase

implementation of this project.

Project phase
. Durin, After
No. Burden items . TS . Implementgation implementation
implementation .
(R ) | et i
construction) construction)
1 Project approval for the implementation of this plan (environment, road J
occupancy, etc.)
5 Briefing residents and holding stakeholder meetings in the vicinity of the v v
planned facility construction site
3 Securing land for construction under appropriate legal procedures v
4 Relocation or removal of obstructions (power cables, communication cables, S
water and sewage pipes, etc.)
Provision of land for installation of temporary facilities (site office, v
5 warehouse, batcher plant, access road, construction yard, temporary bridge,
etc.)
6 Construction, maintenance and management of detours for general vehicles JE S
required for the construction.
7 Provision of disposal facilities and locations for the disposal of construction V4 V4
waste
3 Notifying residents, passing vehicles, and passing vessels about traffic v v
restrictions
9 Guidance of general vehicles to detour routes and traffic control in the JE
vicinity during the construction period, etc.
10 Legal measures and work permits necessary for Japanese and third-country v v
personnel engaged in construction to enter and stay in Djibouti
Process for exemption of corporate income tax, customs duties, internal v v
11 |taxes, and other taxes imposed in Djibouti on those using Japanese grant
funds.
Process for issuing Authorization for Payment (A/P) required for payment to v v
12 | Japanese consultants and contractors, and bearing the issuing and payment
fees
13 Appropriate operation, maintenance, and management of facilities (roads, v
bridges, and river facilities) constructed through the project
Appropriate maintenance and management of river facilities (dredging work, v v v
14 etc.)
15 All costs not included in grant assistance that are incurred in the v v v

Schedule for Project Implementation

Table-23 is a draft schedule for project implementation, assuming Japan's grant aid project scheme.

Table-23 Draft Schedule for Project Implementation

B In the case of preliminary work to be carried out by the Japanese side

Year 1 year 2 years

3 years

4 years

S years

Quarter of a Year 1 (23|41 |23 |4]|1]2

3141

2131411

1.0utline design and cost

estimation

. cabinet approval

. E/N, G/A 4

. Detailed design

[V BN VS I 9]

. Preparation and approval of
bidding documents

. Pre-qualification, bidding

. Evaluation of bids -

[e B RN Ko

. Signing of vendor contracts

9.

Preparation works

10. Preliminary work
(Detour, Relocation of utilities)

11. Main Work

12. Project Completion
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B In the case of preliminary work to be carried out by the Djibouti side

Year

1 year

2 years

3 years

4 years

S years

Quarter of a Year

2|3

1|2

3

2|3

1.0utline design and cost
estimation

. cabinet approval

E/N, G/A

. Detailed design

. Preparation and approval of
bidding documents

6. Pre-qualification, bidding
7. Evaluation of bids
8. Signing of vendor contracts v
. EEEEEEENDR
9. Preparation works Work of Djibouti Side
10. Preliminary work —

(Detour, Relocation of utilities)

11. Main Work

12. Project Completion

Project implementation Issues

»  Grasping the latest trends of development projects around the target area (in the planning stage or
under implementation), and reflecting them in the grant aid plan as appropriate

» Consultation and coordination with relevant organizations in Djibouti (body in charge of the
Ambouli River management, electricity authority, ONEAD, Djibouti Telecom, police, etc.) during
the planning stage of the grant aid assistance program

» Clarification of the roles of relevant organizations in Djibouti (body in charge of the Ambouli River
management, Electric Power Authority, police, etc.) and establishment of an operation system for
appropriate operation and maintenance of the cooperation targeted facilities (roads, bridges,

intersections, rivers) subject to cooperation.
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Chapter 1 Outline of the Survey

1.1

1.1.1

The facilitation of logistics in Djibouti City, which is a port city, is the fundamental for driving not
only the economic development of the country but also that of East African region. However, frequently
recent flood and the increase in traffic volume associated with urbanization in the city, have made need
for the formulation and implementation of plans for strengthening of the logistics network an urgent
issue.

In recent years, in addition to the Djibouti Port
(old port), which is close to the central business o1d Port B
district (hereinafter referred to as CBD), deep -
container berths and petroleum :
loading/unloading bases have been developed in
the Doraleh area (new port) of Djibouti City.
Therefore, the city is expected to the further
develop as a port and logistics base. The severe
weather conditions of Djibouti has limited the

land suitable for agriculture, making the port and { lE;ls.ta%ﬁ .
and logistics industry the life line of the country. | ?._Ba"??_.t?&/ r

. . . . - (Residential
The inflow of population to the city is also = S0

increasing. The City of Djibouti is largely
divided by the Ambouli River into two areas: an
eastern area including the old city area, CBD,

medical facilities and airport area, and a western 55 '"'«% N AP :
area including the new port and residential area.  Figure 1.1.1 Land Use Overview of Djibouti City
Many of the rural immigrants live in a residential

area called the Balbala district in the western area with an estimated population of 0.2-0.3 million,

which is about 40% of the total population of the City of Djibouti.

The the roads connecting the east and west areas of the city across the Ambouli River are limited to
three: Palmeraie Road, the Italy Bridge on National Road Route 1, and the Nagad Road. These roads,
particularly Palmeraie Road and the Italy Bridge which directly connect Balbala district with CBD, are
congested. They specifically become major bottlenecks in the urban network during morning and
evening rush hours.

The above crossing roads have also two additional problems. First, the Palmeraie Road and the
Nagad Road have a ford structure, and they are flooded by the Ambouli River when heavy rains falls
and become impassable. In such case, the Italy Bridge remains the only road connecting the east and
west sides. This situation causes further serious traffic congestion, forcing the government to take
measures to restrict the traffic between the east and west, which affects significantly the daily civilian
life and economic activities. Second, as more than 30 years has passed since the Italy Bridge was built,
the bridge condition has deteriorated considerably that the passage of large vehicles is currently
prohibited. Therefore, when the Palmeraie Road and Nagad Road are flooded, the flow of large vehicles
is disrupted, and this would have an extremely serious impact on the country in which the port and
logistics industries are playing a major role in the economy.

As mentioned above, Djibouti City requires urgent measures to strengthen its logistics network in
consideration of flood risks, but due to the lack of basic information for the formation of specific
projects, this survey was decided to be carried out.

1-1



1.1.2  Purpose of the Survey

This survey aims to identify problems by analyzing the present state of the transport and logistics
sector in Djibouti City , to show comprehensive measures for the improvement the urban road network
for strengthening the logistics network considering the flood risk, and to collect and analyze basic
information such as the preconditions for the formation and implementation of the most suitable
projects as ODA projects.

1.1.3 Targeted Area

Djibouti City and its surroundings are the target of the survey

1.2 Description of the Survey

(1) Review of the Outline of Target Areas (Chapter 2)

For understanding the outline of target areas, the natural environment and socio-economic conditions
as well as natural disaster situations (records of disasters) are reviewed. In addition, existing materials
are reviewed and interviews are conducted to understand the present status of the Ambouli River, and
the actual status of countermeasures against flood that have already been implemented.

(2) Actual Status and Issues of the Transport and Road Sector (Chapter 3)

In order to understand the actual status of the city road network, a traffic volume survey and a road
inventory survey on major trunk roads in the city are implemented. By utilizing the result of these
surveys and existing materials, the issues of the city road network are identified.

(3) Analysis of Flood Risks in the Target Areas (Chapter 4)

After estimating the probable flood peak runoff based on the past meteorological data, areas where
the Ambouli River overflowed in the past along with the status of river courses and their changes are
analyzed, and a method to rehabilitate the Ambouli River was examined.

(4) Identification of Issues Related to the Strengthening of Logistics in Djibouti City and

Examination of Countermeasures (Chapter 5)

After estimating future traffic volumes on the three roads crossing the Ambouli River and analyzing
the current and potential future issues, countermeasures necessary for strengthening the logistics
network, including developing city roads and streamlining urban traffic through structural and non-
structural measures are examined.

(5) Direction of Support of Japan (Chapter 6)

From the planned countermeasures identified in (4) above, the supports that Japan could provide are
examined by taking into account the requests made by the Djibouti side and policies of planned projects
and cooperation with other donors, etc. Among those supports, the most suitable one for a Japanese
ODA project (draft) is selected after making comparison and reviewing several alternatives including
their estimated costs.

1.3  Composition of the Survey Team

Figure 1.3.1 shows the implementation structure of this survey. From Japan, six experts and one
interpreter (Japanese to French) are dispatched. Local coordinators and interpreters (English-French)
are hired to support the activities of JICA survey team. In addition, field investigators are used to
conduct traffic surveys, road inventory surveys, and the geological survey and topographical survey
are outsourced to a local contractor.
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Traffic Planning Local Support

Team Leader / Traffic volume survey / Interpreter
Urban transportation Traffic demand forecasting (Japanese & French)
planning Esmael Omar Kiharu Serizawa
Toshiaki Horii
Field investigator
+ coordinator
+ Interpreter
Flood measure Road / Bridge <:> (1) (English < French)
Flood risk assessment - i  Traffic survey
<:::> Road planning + Road inventory survey
Toru Takahashi Isao Takahashi
Local contractor
Flood risk assessment-©@) Bridge planning )
+ Geological survey
Hiroshi Shimosako Makoto Murata - Topographical survey

Figure 1.3.1 Survey Implementation Structure






Chapter 2 Outline of the Target Area

21

2.1.1

The Republic of Djibouti is a country located along the Red Sea coast and at the north end of the
African Great Rift Valley, bordering Eritrea in the north, Ethiopia in the west, Somaliland in the south
and the Gulf of Aden in the east. The country is facing the Gulf of Aden, while, more precisely, its land
area is located at the mouth of the Gulf of Tadjoura that cuts into Djibouti’s land area from the east to
the west (Figure 1).

The Republic of Djibouti, at its central part, has a salt lake, Assal, which is 155m below the sea level
and was formed by activities of the African Great Rift Valley. On the other hand, the country has Mt.
Moussa Ali, which is over 2,000m above the sea level at its north end. The Republic of Djibouti,
therefore, is unique as it has a terrain with a series of rises and falls. This specific topography was
formed because the country is located in the southern part of the Afar Triangle, a contact area of the
African Plate, Arabian Plate and Somali Plate, where a rift valley was formed by extensional tectonics
and the accompanying eruption of basalt, and the like.

The Ambouli River flowing through Djibouti City has its source in the mountainous area in the
western part of the country with an elevation of over 500m above the sea level. The river runs toward
the east at the west side of the city, collecting water from a number of branch streams and changes its
course more to the north at a point about 6km east of Chabelley Airport to flow into the Gulf of Aden.
The river has large alluvial floodplain terrains and forms a large delta near its river mouth.

Djibouti City has two different terrains on its east and west sides divided by the Ambouli River. On
the east side, there is a flat land of 5 to 15m above the sea level, while the west side has a stretch of
lava plateau of several tens to several hundreds of meters above the sea level (mountainous area). The
plateau on the east side of the river shows a ridge-line pattern that indicates the flow direction of the
lava.

_
AT Gulf of Aden

Gulf of Tadjoura

DAY 5 N e
ublic of Diibouti| + ~~ =
ol Diboy

- I~

African Great Rift Valley|

Figure 2.1.1 The Republic of
Djibouti, Topographic Features n \
of the Area around Djibouti City ~ , Floodplain. == & \ * Ol flood plain
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2.1.2 Climate

The climate of the Republic of Djibouti is
largely characterized by two seasons, the dry
and rainy seasons. In the dry season (from
May to September), the temperature is high,
while the humidity is low. On the other hand,
in the rainy season (from October to April),
the temperature is low and the humidity is
high. The temperature rises and falls
between 25 and 35 degrees Celsius with the
lowest being recorded between December
and January. Days with temperature
exceeding 30 degrees Celsius continue from
May to September, sometimes reaching
almost 50 degrees Celsius. A high humidity
exceeding 70% is recorded from October to May, which falls to 45 to 55% from June to August.

Source: Recent Extreme Precipitation and Temperature Changes in Djibouti
City (1996-2011, Journal of Climatology, 2013)

Figure 2.1.2 Distribution Trend of Monthly Rainfall and
Monthly Average Temperature

According to Djibouti City’s weather observation data, the monthly rainfall increases between
October and May (Figure 2.1.2). In recent years, however, including 2004 and the years between 2018

Figure 2.1.3 Flood Damage in 2004 Figure 2.1.4 Flood Damage in 2019
(National Road Route 1) (Palmeraie Road)

2.1.3

The extensional activity of the ground that formed the African Great Rift Valley also created a huge
scale of eruption of basalt. The eruption of basalt lava is estimated to have occurred later than the
Tertiary of the Cenozoic (mostly 1.2 to 3.4 million years ago) based on the results of age measurement.
The direction of the African Great Rift Valley is NW-ES and the flow-down direction of the lava in
Djibouti City area is estimated to be ESE-E, which is confirmed by examining the striped pattern.

Many rivers including the Ambouli River have their origin in the lava plateau (mountainous area),
and produce and transport a large amount of earth and sand, causing flood along the way. Along the
Ambouli River, there is a tongue-shaped gravel layer (al layer) of diluvial soil near a point 6km east of
Chabelley Airport, where the river changes its flow direction to the north (Figure 3). The gravel layer
is considered to be an old flood plain deposit based on the distribution profile, and the deposit is
considered to cause the river’s flow path to change to the north. The Ambouli River has a huge fan
delta deposition at the river mouth.



The flat land of 5 to 15m above the sea level located to the east of the Ambouli River in Djibouti
City is composed of alluvial soil (silt, sand and gravel) and wetlands (mangrove forests), and coral
reefs can be seen along the coast.

v o
1/3, \i
i
v 1 -0 ANS B FORMATIONS BEDIMENTAIHES CONTINEHTALES D'AGE PLEISTOCENE
FORMATIONS SEDIMENTAIRES D'AGE HOLOCENE (10 000 - 0 ANS BP) SUPERIEUR (125 000 - 10 000 A
d Sables éoliens (dunes recentes et actuelles) - Alluvions fluviatiles [conglomérats, limons graveleux)

‘ a2 Alluvions fluviatiles actuelles | Al f gl g
L J | =S

pre—
Alluvions fluviatiles et dépots littoraux récents | 9 : Cones d'eboulis et couvertures de glacis de versants
- Limons azoiquas l." b Limons rouges
Limons graveleux (dépdts deltaiques de l'oued Houmbouli) - Sols rouges (ahération argileuse des basaltes initiaux - fi)

FORMATIONS VOLCANIQUES D'AGE PLIO-PLEISTOCENE
Basaltes initisux des bordures du Golfe de Tadjours (3.4 - 1.2 MA)

Séne bassltique fissurale de 20 & 300 m d'épaisseur (basaltes picritiques &
o a quel

Cénes ot volcans centraux associés & la série initiale (Ji)

Alignés sur des failles de direction NW-SE et E-W au sud de Djibouti
(basaltes picritiques & ferrobasaltes, porphyriques)

Sdria stratoide de FAfar (3.4 -3.0MA)

Série basaltique fissurale (basaites, ferrobasaltes) dont I'épaisseur est faible
ici (inférieure 8 50 m)

Source: Geological map of the Republic of Djibouti. (IN) Geological map of the Republic of Djibouti at
1:100,000 : Djibouti / prepared by M. Fournier, F. Gasse, J.-C. Lépine, O. Richard, and J.-C. Ruegg

Figure 2.1.5 Geographical Features of Djibouti City and its Surrounding Area
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2.1.4 Survey of Natural Conditions

To grasp the natural conditions, the following surveys on topography and geology were

implemented.

Table 2.1.1 Survey of Natural Conditions

Survey Item

Objectives and Description of the Survey

Remarks

Topographic
Survey

* Objectives: To understand the topological status of the
area where road improvement is expected to be
implemented in Djibouti City (to reflect in the outline
plan)

+ Points of survey: Of the roads crossing the Ambouli
River, Palmeraic Road and Nagad Road will be the
target. The river courses of these targeted road areas will
also be surveyed as a hydraulic analysis is expected to be
made.

+ Survey method: Basically, surveying will be done
using UAVs, while a conventional GPS-based survey
will be done for spots close to airports where UAV-based
surveying is banned as well as water-bearing river areas.

* This survey will target the
topography, and not the
features on the surface.

+ Benchmarks established
based on the information
given by the Government of
Djibouti will be used.

Geological
Survey

* Objectives: To understand the basic ground conditions
of the area where road improvement is expected to be
implemented in Djibouti City (to reflect in the outline
plan)

* Points of survey: Similar to the topographical survey,
areas of Palmeraie Road and Nagad Road will be the
target.

+ Survey method: In addition to an SPT test, etc. to be
done in-situ, materials will be tested at a laboratory.

This survey will be
implemented by the central
laboratory, a government
organization  (the only
organization to implement
geological  surveys for
public works and to approve
the test results under a
president decree).

The details of these surveys are described below and detailed survey results can be seen in the

Appendix.

(1) Topographic Survey

The topographic survey is outlined as follows.

1) Quantitative details of this survey

Table 2.1.2 Quantitative Details of the Topographic Survey

Quantity Remarks
Benchmark survey 1 set
UAV-based survey 1 set Palmeraie Road and Nagad Road areas
GPS-based survey GPS 1 set River course and water-bearing areas
Preparation of reports 1 set
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2) Progress of survey

o 51

Figure 2.1.6 Progress of Topographic Survey (UAV-based)

3) Survey areas

AREA-1 : Palmeraie Road area (UAV-based)
AREA-2 : Nagad Road area (GPS-based)

AREA-3 : Area between Palmeraie Road and Nagad
Road (UAV-based)

Figure 2.1.7 Target Areas for the Topographic Survey
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4) Outline of the survey results (details are shown in the Attachment)

Plan View

LINE 1, PAD~43
UINE 2, P02~ 00
LINE 3, PUZ~0D

KEY PLAN

Plan View
LINE 1. PO6~P1D

KEY PLAN

Rambla ) 0’
=] Déblai (m7): 0

Gonmm

Profil n*: P02
Abscisse - 100 999 m
Echelle des longucurs : 1/2000
Echalie das ammdes © 17200

Albludes TN

Distamces # fare TH
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) Romblai ) Ome
0 gl (me). 0

IRTT
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Profil n*: P04
Ahscissa 350 198 m
Echelle des langusurs 112000
Cohelie dea ofttudes * 1200

Distances d faxe TR

Distances pamieles TN

Figure 2.1.8 Results of the Topographic Survey (excerpts)

(Left: Top plain view, Right: River cross section)

1) Quantitative details of this survey

Table 2.1.3 Quantitative Details of the Geological Survey

Item Quantity Remarks
2 spots along Palmeraie Road and 1
SPT test I set spol‘salong Naggad Road
Water level measurement 1 set
Particle size determination 1 set Laboratory test
Saturation test 1 set n
Liquid and plastic limit test 1 set n
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2) Progress of survey

Figure 2.1.9 Progress of Geological Survey (Left: Palmeraie Road, Right: Nagad Road)

1) Points of survey

No. Latitude Longitude
SCOo1 11.529431° 43.127720°
SCO2 11.568336° 43.124180°
SCO3 11.569358° 43.126999°

Figure 2.1.10 Geological Survey

2) Outline of survey results (details are shown in the Attachment)

v" Geological features and N value

Distribution is in the order of gravel of alluvium deposit, sand and silt layer, which is covered

by surface soil.

SCO01 has a3 layer of 1m deep from the ground surface followed by i layer (basalts composed

of lave and pyroclastic rock).
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Terraina
s

+ SCO02 has a soft ground surface in layer of 1.4m thick, and has gravel mixed with silt with an
N value of 17 to 30, up to 3.25m deep underneath. In addition, it has a Bi layer below that
(basalts composed of lave and pyroclastic rock).

+ SCO03 has a soft ground surface of 2m thick, and has gravel mixed with silt with an N value of
2 to 10, up to 9m deep underneath. Below that it has a Bi layer (basalts composed of lave and
pyroclastic rock) with an N value over 50.
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Figure 2.1.11 Outline of SPT Test, N Value and Stratum
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Figure 2.1.12 Photos of Extracted Cores Showing Soil Property
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v" Results of the tests:

Regarding the tests, SPT tests were implemented in-situ and soil particle determination, consistency
(liquid and plastic) tests and soil saturation tests at laboratory. In addition, specific gravity and porosity
(water absorption) measurement was implemented on the bedrock (basalt lava).

The results are outlined below.

» The surface soil is composed of silt mixed with sand and gravel and its liquid limit is high.

+ a2 layer (gravel layer), Bi layer Vb (volcanic clastic rock) and Bi layer lava (lava) with N value
of over 50. The N value is high because these layers have large quantity of hard gravel.

» a3 layer (silt layer mixed with gravel) is a softer ground with N value of 2 to 30 (12.5 on average).
* N value of each layer is as follows:

N value of surface soil: of 6

N value of a2 layer (gravel layer): over 50

N value of a3 layer (silt layer mixed with gravel): 2 to 30 (12.5 on average)

N value of Bi layer Vb (volcanic breccia (lava): over 50

v Borehole water level:

The borehole water level observed immediately after boring is shown in Table 8. Since the water
permeability of the ground is high, it is considered that the ground water level is affected by the
hydrological environment of the surface soil and fluctuates depending on the weather.

* SCO1: As the bedrock is composed of the porous volcanic clastic rocks or highly cracked
basalt lava, water leakage is observed.

* SCO2: As it is located near the river, the groundwater level is almost the same as that of the
river water.

* SCO3: As it is located near the river, the groundwater level is almost the same as that of the
river water.

Table 2.1.4 Groundwater Level of Each Borehole

Borin Elevation Groundwater level
No. & of bore (Elevation of water Remarks
depth .
opening level)
The constituent rock species (cracked basalt and
NA highly por Jcanic clastic rock) which ar
Scol 10m 24m (Deeper than 14m 1§11 Y POTOUS, VOICANIC Clastic roci) whlch are
highly permeable are the reason behind water
above sea level)
leakage.
SCO2 10m om Om (2m) Water level is the same as that of the adjacent river.
SCO3 L0m im 1.3m (1.7m) Water level is the same as that of the adjacent river.

29



2.2

2.2.1
The population of the Republic of Djibouti is about 974,000 as of 2019, of which, 569,000 (58.4%)
live in Djibouti City (World Development Indicators).! Although the concentration of population in
Djibouti City had been progressing for some time, it dropped for the first time in 2019 compared to the
previous year, and Djibouti City seems to become stable in terms of population concentration.
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N (A) Population of Djibouti City (1,000) mmmmm (B) Population of the Republic of Djibouti (A)/(B)

Source: World Development Indicators (World Bank)

Figure 2.2.1 Changes in the Population of the Republic of Djibouti

222

Figure 2.2.2 shows a comparison of working population by industry, and the population working in
the “government and service” sector account for over 50% of the total in both inside and outside of
Djibouti City. It means that the country has a unique employment structure, as one-half of the
populations’ employment opportunities are provided by the government/government-affiliated
organizations. Other sectors which provide higher employment opportunities are “commerce” (12%),
“construction” (7%) and “transport/communication” (7%) in Djibouti City, and “commerce” (16%)
and “agriculture, and forestry fisheries” (7%) in areas outside Djibouti City.

Table 2.2.1 shows the composition of nominal GDP by industry. In 2019, 84.4% of the country’s
GDP was produced by the tertiary industries, with the “wholesale/retail and automobile service, hotel
and restaurant” being at the top accounting for 31.2% of the total GDP followed by “transport,
warehousing and communication” (24.2%). The “wholesale/retail and automobile service and hotel
and restaurant” has increased its share since 1999 by more than double and become a major industry,
overtaking the “transport, warehousing and communication” industry which has not shown any change.
Djibouti does not have a rich natural environment, and agriculture has not developed well due to low
productivity of its soil.

! No extensive population census has been conducted in the Republic of Djibouti since 2009 and population data
of recent years are all estimate. The Department of Statistics and Demographic Studies of Djibouti publishes
estimated population but somewhat difference can be seen between the two (World Development Indicators:
929,111, DISED: 992,635).
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Figure 2.2.2 Ratio of Employed Population by Industry

Table 2.2.1 GDP of Industry

Qther commerce

Water, electricity and
gas service

2%

Construction
5%

Commerce

T 16%

Restaurant and hotel

%

Transport and
communication

3%

Bank, insurance and |
~._ other financial service

2%

1999 2009 2019
Primary Agriculture, hunting and forestry and fisheries 3.5 3.4 1.3
industry

Mining and quarrying, electricity, gas and 7.9 6.0 7.5

water service
Secondary | Manufacturing 2.6 2.4 2.9
industry " Construction 6.5 11.0 39
Subtotal 17.0 194 14.3
Wholesale/retail and automobile service 15.4 222 31.2
Tertiary Transport, warehousing and communication 25.7 24.5 242
industry Other service 38.4 30.5 29.0
Subtotal 79.5 77.2 84.4
Total 100.0 100.0 100.0

Note: 1. GDP is based on nominal US dollar. 2. It excludes “extraterritorial organizations and bodies” and “those
could not be classified.”
Source: World Development Indicators (World Bank)

Figure 2.2.3 shows GDP (in nominal US dollar) and its growth rate. The country’s economy has
been developing well except for an economic fall experienced due to the breakout of the civil war in
1990s. The growth rate has slowed down since 2013, althoght a minor recovery could be seen in 2019.

Figure 2.2.4 shows changes in population and GDP per capita (in nominal US dollar). GDP per
capita has increased rapidly since 2000 because of the final peace agreement made between the
government and armed FRUD in May 2001.

2.2.3

Figure 2.2.5 shows changes in trade balance of the Republic of Djibouti. The volume of import
exceeds that of export significantly, creating a large trade deficit.
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Figure 2.2.6 shows countries from which Djibouti imports with volumes in value terms. Three
countries, China, UAE and Ethiopia, account together for nearly a half of the total imports. Except for
Ethiopia, all imports are made via sea through the Port of Djibouti, showing the important role of the
port. Figure 2.2.7 shows imports from the same countries, on a weight base. Ethiopia accounts for more
than one third of the total. Imports from Ethiopia is made by land, showing the importance of the
Djibouti-Ethiopia corridors.
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Figure 2.2.6 Countries from which Djibouti Imports (Top 10 Countries)
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Figure 2.2.7 Import weight by partner country
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2.3

Natural disasters occurred in the Ambouli River basin in the past, and they were mainly damages
caused by the Ambouli River flooding during heavy rains. Waterway flooding (inland water) occurred
due to underdeveloped rainwater discharge channels and blockage of channels by dumped waste. Table
2.3.1 outlines natural disasters and their damages.

By early 2000s, the country experienced already five major flooding events, and particularly a huge
one in April 2004 resulted in enormous damages including 300 deaths, 600 destroyed houses and
100,000 affected people. In recent years, flood damages occur almost every year, and the flood in 2019
caused the largest damages of recent years with the largest number of affected people totaling 200,000.
Following the disaster in 2004, international organizations developed embankment on the right bank
of the Ambouli River and, as a result, the degree of potential flood damages in Djibouti City has been
reduced since the 2014 flooding, although it still remains high and increases with the population
increases due to the increasing urbanization and changes in land uses.

Table 2.3.1 Summary of Major Floods and Disasters in Djibouti

Occurrence date and | Daily rainfall Fatalities Affected population
. . Remarks (Source)

time (period) (mm) (people) (people)
1 1989.4.6-10 507 (3days) (unknown) 150,000 1.
2 1994.11.22 360 (2days) | 105 (unknown40) 100,000 1.&2.
3 2004.4.11-14 92.9 300 100,000 WHO & 3.
4 2013.3.25 26 8 No data

Tropical Cyclone Sagar,

5 2018.5.19-21 110 (1day) 2 5,000-10,000 AFD
6 2019.11.21-25 155 11 200,000 IFRC & 4. AFD
7 2020.4.20-21 80 8 110,000 Flood list & 5. AFD

Source: 1. United Nations Department of Humanitarian Affairs (DHA) report (1989.4, 1994.12)
2. Application of the Coastal Hazard Wheel methodology for coastal multi-hazard assessment and management in
the state of Djibouti (2014)
3. A Study of water use of surface runoff for irrigation in Djibouti (2014)
4. Final report Djibouti: Flash Floods (2019)
5. Diagnostic et Recommendations pour une gestion integree du resque inodation sur I’agglomeration de Djibouti
(AFD, Sepia, 2021)

Of the three road crossing the Ambouli River, two excluding the National Road Route 1 have no
bridge but a “ford structure”. When considering the causes of flood damages in relation to the local
topography and the urban plans, this structure can be the reason of flood damages as the structure itself
becomes an obstacle to the flow of water and makes the water level of river higher when a flood occurs.

Djibouti City has a low flat terrain formed on a high plain of coral by means of landfilling. This
topographic condition and low flow capacity of poorly maintained drainage channels allow floodwater
to remain longer and cause diseases related to floodwater including contagious ones.

Figure 2.3.1 Flood Damages in 2004 Figure 2.3.2 Flood Damages in 2019
(National Road Route 1) (Palmeraie Road)
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The Ambouli River (Oued Ambouli) has a total length of about 60km with a catchment area of
600km?. As shown in the map below, it has a number of branch streams and the main stream is Wadi
Oueah, which accounts for 31.3% of the entire catchment area. The Wadi Oueah joins the Oued Boille
at Nagad, a point 23km from the downstream.
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Source: Etude d’identification des ouvrages de rétention des ruissellements et de recharge des naﬁ;—)eé sur
I’ensemble du bassin versant (2007)

Figure2.4.1 Map of the entire Amboli Catchment Area and Location of the Friendship Dam

24.2

The Ambouli Friendship Dam is constructed across the Wadi Oueah with the aid of Turkey. The
dam was constructed under the “agreement concerning cooperation for water” signed in 2014 between
Turkey and Djibouti and completed in 2019. The dam, which costed 20 million dollars, has a height of
71m and capacity of 14 million cube meters. The purpose of dam construction is stated as flood
prevention and supply of agricultural water, and it covers 45% of the entire basin.

When the 2019 flood occurred, the friendship dam was already completed and retainde about 10
million cubic meters of water for flood prevention, indicating that the dam has a flood controlling effect.
According to information obtained from the Ministry of Agriculture, the dam was constructed for
agriculture and flood control purposes, but there are no established operating rules to achieve these two
objectives (between the Ministry of Agriculture and the Ministry of Interior).
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Source: Dam built by Turkey helps Djibouti control floods (Daily Sabah, December 13, 2019)

Figure 2.4.2 Ambouli Friendship Dam (Completed in 2019, DSi (Develet Su isleri): State

Hydraulic Works)

The Ambouli Friendship Dam specifications are shown below.

Table 2.4.1 Specifications of the Ambouli Friendship Dam

Item Specifications Remarks
1) Location Wadi Obeah 5
(Branch stream of Ambouli River)
2) Reservoir area 270km? Total area of 600km?

3) Structure type

Central core type rock-fill dam

Core material: clay

4) Dam crest height 338.00 (m, asl) Above sea level
5) Height of fill-point base above 300.00 (m, asl)
sea level

6) 1g]eellght of dam base above sea 267.00 (m, asl)

7) Dan height (foundation plain) 71.0 (38.0)m 4)-6)=71.0m, 4)-5)=38.0 m

8) Crest width 10. m

9) Upstream slope 1:2.5

10) Downstream slope 1:2.0

11) Highest water level 336.78m asl

12) Lowest water level 316.00m asl

13) Total reservoir capacity 14,370,000m*

14) Effective reservoir capacity 12,060,000m?

. . . 100-year recurrence interval

3

15) High water discharge at dam site 157.0m°/sec (French consultant)

16) Design flow for flood spillway 3,000m’/sec

Source: Ambouli Friendship Final Report (Volume 1), Ministry of Forestry and Irrigations General, Directorate of State
Services of Dam Department (Ankara, 2017)

Figures 2.4.3 to 2.4.9 show details of the dam, including an outline of the reservoir, plan view, a

typical cross-section, a lateral profile.
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Source: Ambouli Friendship Final Report (Volume 1), Ministry of Forestry and Irrigations General, Directorate of State
Services of Dam Department (Ankara, 2017)

Figure 2.4.3 Outline of the Reservoir of the Ambouli Friendship Dam (Completed in 2019)
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Figure 2.4.4 Top View of the Ambouli Friendship Dam
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Figure 2.4.5 Lateral Profile along the Axis of the Crestline

and Irrigations General, Directorate of State

of the Ambouli Friendship Dam

e

Source: Ambouli Friendship Final Report (Volume 4), Ministry of Forestry
Services of Dam Department (Ankara, 2017)

and Irrigations General, Directorate of State

Figure 2.4.6 Ambouli Friendship Dam (Enlarged Profile along the Crestline)
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Figure 2.4.7 Typical Cross-section of Ambouli Friendship Dam
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Figure 2.4.8 Top View of the Flood Spillway of the Ambouli Friendship Dam (design flow of 3,000m3/sec)
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Services of Dam Department (Ankara, 2017)

Figure 2.4.9 Vertical Profile of Flood Spillway of the Ambouli Friendship Dam

243

In October 2004, an agreement was concluded between the World Bank (WB) and the local
government concerning countermeasures against flood from the Ambouli River, and the
implementation started in January 2005. The implementing agency was Agence Djiboutienne
d'Exécution des Travaux d'Intérét Public (ADETIP), or Public Service Project Implementation Agency,
and the total project cost was 6.46 million US dollars, including a grand aid of 3.23 million US dollars.

The outline of the project titled the Flood Emergency Rehabilitation Project (FERP) is shown below
based on the WB’s Project Information Document (PID).



Table 2.4.2 Outline of the Ambouli River Countermeasure Works Implemented
following the 2004 Flood (FERP)

Project item Description of project item
1. Rehabilitation of economic and a. Rehabilitation of flood protection structures: including
social infrastructure 1) Rebuilding the destroyed flood protection dyke (embankment work)
(rehabilitation work) 2) Rehabilitating/widening the Oued river (river widening work)

b. Rehabilitation of roads and drainage infrastructure
1) Reconstruction and repairs to the segments of the city roads
(city road improvement)
2) Reconstruction and repairs to the segments of the regional/inter-city
highways (highway improvement)
3) Repairing and cleaning up the storm water drainage channels
(drainage channel improvement)

c. Rehabilitation of schools: including replacement of damaged
furniture, equipment and teaching material (school facilities
rehabilitation)

d. Rehabilitation of health centers (health center rehabilitation)

e. Rehabilitation of water supply infrastructure (water supply facilities

rehabilitation)

2. Delivery of basic infrastructure a. Providing basic access to potable water through the delivery of
services to the resettlement zone several appropriately located public standpipes (improvement of
in PK12 water supply facilities)

(support for relocated b. Construction of septic tanks for the houses of the resettled
infrastructure procurement) population to improve sanitary conditions (sewerage facilities
improvement)

3. Technical assistance and a. Consultancy services for construction supervision of rehabilitation
consultancy services for disaster activities (consulting service)
prevention and management in b. Training and capacity building of the “Disaster Management Unit”
the short- and long-term (training and enhancement of disaster preventing control capability)
(technical support)

4. Project management and ADETIP Assistance (support for ADETIP)

implementation assistance
(project management and
support)

Source: Project Information Document (PID), P101454 Flood, Emergency Rehabilitation Project (Supplemental, WB)

In relation to the above listed project items, the cross-sectional profile of the right side embankment
related to repair of the wadi is shown in Figures 2.4.10 and Figure 2.4.11. Basically, the foundation
work for the dike is determined to be a gabion with the upper part covered with cobbled stone.
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Figure 2.4.10 Profile of the Right Side Embankment Repair Work of the Ambouli River (No.1)
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Figure 2.4.11 Profile of the Right Side Embankment Repair Work of the Ambouli River (No.2)
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Chapter 3 Present Status and Issues of the Transport and Road Sector

3.1

In this section, the present status of the road network within Djibouti City is discussed based on
existing materials and results of a road inventory survey implemented in this survey project to clarify
problems and issues.

3.1.1

In the Republic of Djibouti, ADR is in charge of the operation of national roads and urban roads.
The total road length amounts to 1,805km, of which 44% (785km) is paved with asphalt and the
remaining 56% (1,011km) is unpaved (as of June 2021). Furthermore, the ratio of urban roads that are
paved is low (30%), and therefore it is desirable that the trunk roads connecting to national roads be
paved (See Table 3.1.1).

Table 3.1.1 Road Extension under ADR Management (as of June 2021)

Type of Pavement (km)
Road type Paved Unpaved Total Pavement rate
National Roads 606 587 1,193 51%
Urban Roads 179 424 603 30%
Total 785 1,011 1,805 44%

Source: Prepared by the survey team based on a hearing surveys to ADR.

Table 3.1.2 and Figure 3.1.1 show the pavement rate of national roads. The national roads that are
completely paved include National Road Route 1(RN 1) connecting Djibouti and Ethiopia, National
Road Route 2 running into Somaliland, National Road Routes 9 and 10 connecting Djibouti City and
the Port of Tadjoura, and National Road Route 11 running from Tadjoura into the northern part of
Ethiopia.

Table 3.1.2 Total Length of National Roads under the Ministry of Infrastructure and Facilities

(as of June 2021)
National Road (km)
Route Name Asphalt pavement Paved

Excellent Good Total Unpaved Total length road (%)
RN I 118.0 101.0 219.0 0.0 219.0 100.0%
RN 2 27.0 0.0 27.0 0.0 27.0 100.0%
RN 3 6.0 0.0 6.0 9.0 15.0 40.0%
RN 4 8.0 0.0 8.0 0.0 8.0 100.0%
RN 5 0.0 17.0 17.0 48.0 65.0 26.0%
RN 6 0.0 0.0 0.0 75.0 75.0 0.0%
RN 7 0.0 0.0 0.0 68.0 68.0 0.0%
RN 8 0.0 0.0 0.0 29.0 29.0 0.0%
RN 9 0.0 122.0 122.0 0.0 122.0 100.0%
RN 10 16.0 0.0 16.0 0.0 16.0 100.0%
RN 11 124.0 0.0 124.0 0.0 124.0 100.0%
RN 12 0.0 0.0 0.0 15.0 15.0 0.0%
RN 13 0.0 0.0 0.0 33.0 33.0 0.0%
RN 14 62.0 0.0 62.0 0.0 62.0 100.0%
RN 15 0.0 0.0 0.0 102.0 102.0 0.0%
RN 16 0.0 0.0 0.0 115.0 115.0 0.0%
RN 17 5.0 0.0 5.0 0.0 5.0 100.0%
RN 18 0.0 0.0 0.0 88.0 88.0 0.0%
RN 19 9.0 0.0 9.0 0.0 9.0 100.0%
Total 375.0 240.0 615.0 582.0 1193.0 51.3%

Source: ADR (Ministry of Infrastructure and Equipment)
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Figure 3.1.1 Completely National Roads where Pavement Work is Completed

Table 3.1.3 shows how far urban roads are paved by district, and Djibouti City accounts for 90% of
the total paved roads in terms of length. The pavement rate of roads in Djibouti City, however, varies
from district to district, and while nearly 90% of the roads in the Ras-Dika district are paved, only
36.2% and 17.3% of roads in the Boulaos district and the Balbala district, respectively, are paved.

Table 3.1.3 Djibouti City Road Length in charge of the Ministry of Infrastructure and Equipment
(as of June 2021)

District Inner-city Road (km)
City District pﬁjg&eg; t Unpaved Total Pra;\t/:r(rlllzr)lt
Djibouti Ras-Dika 36.23 5.47 41.70 86.9%
Boulaos 73.78 130.27 204.05 36.2%
Balbala 54.11 258.48 312.59 17.3%
Subtotal 164.12 394.22 558.34 29.4%
Ali-Sabieh 3.78 8.55 12.33 30.7%
Dikhil 0.81 6.67 7.48 10.8%
Arta 4.24 6.60 10.84 39.1%
Tadjourah 3.80 3.69 7.49 50.7%
Obock 2.83 4.88 7.71 36.7%
Districts outside of Djibouti 15.46 30.39 45.85 33.7%
City: Subtotal
City Road: Total 179.58 424.61 604.19 29.7%

Source: ADR (Ministry of Infrastructure and Equipment)

3-2




The city's roads consist of four national roads and other arterial roads (see Figure 3.1.2). The most
critical route is RN1 (National Road Route 1), and most of the freights for Ethiopia now utilize this route
In December 2020, a renovation project supported by Japan was completed and a part of the route started
operation. RN2 is a road connecting Damerjog Industrial Park with the city center and continues to
Somalia. RN3 is a road connecting the city center with the Doraleh New Port. RNS5 is also a road
connecting Djibouti and Ethiopia as an alternative route to RN1. Currently the use of this routes is
limited because the Ethiopian side of this route is unpaved and now in progress to be paved. However,
when the paving of Ethiopian side is completed, this route will function as an alternative route to RN1.
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Figure 3.1.2 Current Road Network in the City of Djibouti



3.1.2

A road inventory survey was implemented on main routes of Djibouti City (23 routes including four
national roads) to review the status of road facilities as mentioned above. The road facilities targeted
in the review under this survey and the outline of the road inventory survey are shown in Table 3.1.4.

No. Road Name [gng;h No. Road Name I_(/:ng;h
1 Avenue General Galleni 0.67 13 Cheikn Mohamed 0.85
2 Rue de Venice + Liaison Port-Rue de Venice 5.00 14 Route Nationale 2/2 2.72
3 Boulevard El Haj Hassan + Rue de Geneve 2.11 15 Voie Nagad 3.83
4 Avenue d'Esperey 0.55 16 voie 19 3.55
5 Boulevard de la République 0.81 17 Barwako - Hayabley + Avenue Ugass Hassan Xersi 3.66
6 Liaison Rue de Siesta-Route de 'Aéroport + Route de la Siesta 4.53 18 Ougass Hassan 343
7 Rue de Bender 1.18 19 Rue Abdi Hassan Liban 2.68
8 Avenue Cheik Houmad 0.71 20 Route National 1 13.1
9 Avenue 26 + Rue Venice-RN 1 + Liaison Ouest-Est 2.20 21 Route National 2 20.46
10 Avenue Nasser (RN2) + Prolongement Avenue Nasser 2.00 22 Route National 3 5.94
11 Avenue type E 2.63 23 Route National 5 1.38
12 | Boulevard Mandela 1.89

Source: Prepared by the survey team.

*No. 14 is excluded from the target routes as it was under construction.

*Through discussions with ADR, No. 21 was excluded from the survey for a security reason.

Figure 3.1.3 Routes Targeted in the Road Inventory Survey

Table 3.1.4 Contents of Road Inventory Survey
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Subjects

Contents

Remarks

Road

Road width

Road shoulder facilities (type, dimensions)

Wastewater facilities (type, dimensions)

Conditions of pavement, drainage, and other
facilities

RN1-RN3: about 400 m intervals
Palmeraie Road (between east
and west intersections): about 50
m intervals

Other than above: about 200 m
intervals

Ford structure

Position

Width, extension

Each structure

Transverse structure
(ditch  structure
railway structure)

and

Position, structural type

Inner diameter, extension, dimensions of
elements

Appearance condition

Clearance with the current road

Each structure

Bridge structure

Position, structural type

Road width, sidewalk width, and ancillary
objects

Bridge length, span length, and substructure
dimensions

Appearance condition

Each structure

Traffic light facility

Location, type, and dimensions

Appearance condition

Each facility

Based on the inventory survey, the status of pavement, road drainage and structures is reviewed and the

results are shown below.




(1) Outline of the Status of Pavement

The width of the road is reduced due to Pavement is deteriorating significantly.
rutting on the shoulder.

It is a main road in the Balbala district, but Ordinary cars cannot drive here.
vehicles find it difficult to use when rain
falls.

Driving on this lane (eastward) is impossible.

It is a narrow railway underpas.
Figure 3.1.4 Overview of Pavement Condition in Djibouti City
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(2) Outline of the Status of Drainage Facilities

Port of Djibouti

Port of Doraleh 9

e

o ) Flooded streets of the Heron district
Ford structure that is flooded and cannot be (photographed on Nov. 23, 2019)

used by traffic when rain falls.

Ford structure that is flooded and cannot be Flooded streets in the Boulaos district
used by traffic when rain falls. (photographed on Nov. 24, 2019)

oy

A manhole in the city without cover. An open channel with a width of nearly 10m that is covered.

Figure 3.1.5 Overview of Drainage Condition in Djibouti City
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(3) Outline of the Status of Structures

o PR v -~
This is the city’s only one road bridge, Italy Bridge, constructed in 1993 and repaired in 2017 by a
Chinese company. Currently, the passage of large vehicles is restricted due to durability concern.

ik e

+ e -
Damage due to corrosion of reinforcing bars is significant

and it is assumed to be caused by salt and peeled-off
concrete.

K

The entry/exit of the culvert is hidden by grown Power switching facilities near Palmeraie Road. The
plants and trees. transmission line crosses Palmeraie Road at a height of 18m.

Figure 3.1.6 Overview of Structure Condition in Djibouti City
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Of the items to be surveyed, the following ones have already been reviewed in the preceding fiscal
year report on road maintenance project requested by ADR, and the review of this survey was made
based on the data of the report:

Road width

Existence of sidewalks and median strips

Location and form of intersections

Location and types of structures (road bridges, railroad bridges, culverts, fords and high-voltage
cable towers)

Existence and form of lighting system

Pavement condition

In addition, photos taken on the site showing the road conditions of each route in a fixed survey
interval and survey sheets to show measurements and external appearances of road bridges and culvert
structures are included in the Appendix.
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(3) Median Strip

Figure 3.1.9 Arrangement of Road Conditions (Median)

(4) Form of Intersection
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Figure 3.1.10 Arrangement of Road Conditions (Ihtei‘ection)
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(5) Location of Structures and Facilities (Culverts)

Figure 3.1.11 Arrangement of Road Conditions (Culverts)

(6) Survey of Structures (High-Voltage Cable Towers)

|

Figure 3.1.12 Arrahgement of Road Conditions (High-Voltage Cablé ToWers)
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(7) Survey of Structures (Road Bridges and Railroad Bridges)
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(9) Pavement Condition
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3.1.3

Different traffic regulations are in place in the city, some for traffic safety and other for smooth
traffic flow or for both. In the central business district (CBD), where roads are relatively narrow and
many vehicle and human traffic concentrate, parking restriction and one-way traffic are introduced.
Although the road signs or markings for the traffic regulation are not easily visible, they are apparently
known to the local people. Illegal parking creates congestion, especially during peak hours. Traffic
officers, however, make efforts to enforce the law and prevent it.

Figure 3.1.16 Control of Illegal Parking Conducted by the Traffic Police (in CBD)

Speed limits are established on major roads in both the city and its suburban areas where motorists
tend to drive at a high speed. Traffic police controls those who violate the speed limits using speed

guns.

Figure 3.1.17 Examples of Traffic Regulation Signs in the City

Large trucks that use the Port of Djibouti enter and leave Djibouti City. There are no particular
regulations on large trucks in the city except for the Italy Bridge.
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Figure 3.1.18 Traffic Regulation Signs for Large-Sized Vehicles on the Italy Bridge

3.2
3.2.1

Although ADR conducted a traffic volume survey covering all districts of the city, it has already
been six years since then and the traffic volume has changed during these six years. In this survey,
therefore, a traffic volume is implemented on major sections and spots shown in Figure 3.2.1, besides

using existing materials.

l Cross-sectional traffic volume survey (8 sections)

@ Traffic volume survey by direction (2 intersections)

Table 3.2.1 Contents of Traffic Volume Survey

Survey site Contents of the survey Survey date and time Vehicle type classification (draft)
1 Cross-sectional  traffic | 14 hours on weekdays Following nine vehicle categories
volume survey (6:00 AM to 8:00 PM) (1) Motorcycle
2 24 hours on weekdays (2) Bajaj/Tuk tuk
3 (6:00 AM to 6:00 AM) (3) Passenger car
4 14 hours on weekdays (4) Taxi
5 (6:00 AM to 8:00 PM) (5) Minibus
6 24 hours on weekdays (6) Midibus
(6:00 AM to 6:00 AM) (7) Light truck

3-16




7 14 hours on weekdays (8) Heavy truck
(6:00 AM to 8:00 PM) (9) Trailer
8 24 hours on weekdays

(6:00 AM to 6:00 AM)
4 hours on weekdays (7:00 AM to
9:00 AM and 1:00 PM to 3:00 PM)

9 Traffic volume survey

10 by direction

3.2.2

The results of the traffic volume survey are shown in Table 3.2.2. On the Palmeraie Road (No. 2),
the daily traffic volume exceeds 30,000 vehicles, the largest volume found in this survey, followed by
the Italy Bridge (No. 3) with daily traffic of 22,000 vehicles. The traffic volume of these two roads,
which cross the Ambouli River, is very large, and this indicates that these two roads play the most
important role in terms of the city traffic movement.

In terms of vehicle type, motorbikes and public transport vehicles dominate the city center traffic
(No. 1 to No. 3 of Table 3.2.2 below), while the number of trailers is the largest at No. 7 and No. 8 on
the National Road Route 1, a major traffic route for logistics between Djibouti and Ethiopia. The
number of trucks and trailers using the Palmeraie Road is relatively large, as it is an important road
connecting the old Port of Djibouti.

Table 3.3.2 Results of Traffic Volume Survey (Sectional Traffic Volume)

Ne Survey Location Survc.ey Traffic Volume by Vehicle Type
Duration | Motorbike Car Public Truck | Trailer Total

1 Arhiba 14hr 1,224 5,466 6,875 499 3 14,067
2 Palmeraie 24hr 3,502 17,436 8,047 1,565 1,000 31,550
3 Bridge 24hr 2,184 11,595 7,300 1,237 30 22,346
4 Nagad 14hr 155 1,264 570 479 118 2,586
5 RN2-Douda 24hr 214 1,507 323 392 70 2,506
6 RN2-Lawyade 14hr 7 199 26 51 24 307
7 RN1-PK20 14hr 58 1,412 997 683 1,820 4,970
8 RN1-PK24 24hr 31 999 239 283 2,122 3,674

Note: Nos. 2 and 3 survey data: May 19; Nos. 1, 7 and 8: May 20; Nos. 4 & 5: May 27; and No. 6: May 30

Table 3.2.3 shows a comparison with the results of the survey conducted by ADR in 2014 for the
traffic of the three roads crossing the Ambouli River. The total daily traffic volume crossing Ambouli
River in 2014 and 2021 was 39,946 and 51,079, respectively, showing an increase of 11,333 per day,
or 28%. In terms of traffic volume, Italy Bridge was serving more traffic seven years back, but it is
now overtaken by Palmeraie Road. In addition, the traffic volume of the Nagad Road is still small but
the growth rate is significant showing that development along the road has been progressing.

Table 3.2.3 Comparison of 2014 and 2021 Survey Results

Name of Traffic (veh./day)
b crossing | (A)2014 ] (B) 2021 (B-A) (B/A)
2 | Palmeraie 16,274 28,048 11,774 1.72
3 | Italy Bridge 22,192 20,162 -2,030 0.91
4 | Nagad 1,480 2,869 1,389 1.94
Total 39,946 51,079 11,133 1.28
Source: 2014 survey data are provided by ADR.

Figure 3.2.2 shows road traffic of the city based on the survey conducted by ADR in 2014. Djibouti

City is divided into two parts by Ambouli River: a commercial area (Ras-Dika and Boulaos) on the
east side and a suburban area (Balbala) on the west side of the river. Both the east and west sides of
the city are connected by two trunk roads (the Palmeraie Road, and the Italy Bridge located on the
National Road Route 1). Specifically, the Palmeraie Road connects the old Port of Djibouti and the
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northern part of Balbala (the new Port of Doraleh), and the National Road Route 1 (the Italy Bridge)
connects the city center and the southern part of Balbala.

T N

Source: 2014 ADR survey
Figure 3.2.2 City Road Traffic Volume

When the Ambouli River rises in accordance with heavy rain, traffic to the Palmeraie Road is
blocked, resulting in a sharp increase in traffic to the Italian Bridge. At this time, Route 3, the road
connecting the west intersection of Palmeraie Road to Route 1, has congested due to its poor pavement
condition (Figure 3.2.3).

Date of Photo: November 26, 2020

Figure 3.2.3 Traffic Congestion during Flooding
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3.3
3.3.1

(1) Upper Plan
@ Vision Djibouti 2035
Vision Djibouti 2035 is a national development plan established by the Ministry of Economy and
Finance in 2014 setting the year of 2035 as its target year. The plan is to promote the country’s growth

and transformation with the following 5 pillar themes with the goal of “making Djibouti a lighthouse
of the Red Sea and a hub of African Industries and Transport”:

I.  Peace and further integration as a nation

II. Diversification of the economy and strengthening of competitiveness utilizing private capital
III. Healthy national governance

IV. Regional integration

V. Consolidation and utilization of human resources

Figure 3.3.1 shows the population estimated in “Djibouti Vision 2035 and Figure 3.3.2 shows
estimated GDP growth rates. As the population continues to concentrate in Djibouti City, the DGP
of the Republic of Djibouti is estimated to grow at a high rate of 7 to 8% until 2035.
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Source: Djibouti Vision 2035
Figure 3.3.1 Estimated Future Population of the Republic of Djibouti and Djibouti City
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Source: Djibouti Vision 2035
Figure 3.3.2 Estimated GDP Growth of the Republic of Djibouti
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@ SCAPE 2015-2019 (Strategy of Accelerated Growth and Employment, 2015, Ministry of
Economy and Finance)

SCAPE 2015-2019 was developed as a strategy to define priority actions and goals to implement
and achieve during five years from 2015, following the approval of Djibouti Vision 2035 by the
Cabinet. The main goal of the development strategy for the transport sector is defined as
“strengthening its function as a regional multimodal transport center in the Horn of Africa.” The
strategy underlines the need to ensure the country’s status as a major and privileged port for Ethiopia
by maintaining and strengthening the competitiveness of a logistics chain. At the same time, it points
out the importance of developing the domestic transport system, i.e., roads, for a balanced
development and growth, and for the diversification of the economy of the country. The following
seven strategies are proposed for the transport sector:

I.  Development of port infrastructure to strengthen the country’s function as a regional hub

II. Development of free zones

III. Development of aerial transportation infrastructure and strengthening it

IV. Promotion of railway transport system for regional integration

V. Development of a national road network and regional corridors for domestic transportation
meeting demand

VI. Development of an urban transportation network

VII. Strengthening the transport sector’s institutional capacities

@ Master Plan for Urban Planning and Development of Djibouti City (SDAU")

This plan was decided by the Ministry of Housing, Urban Planning and Environment in accordance
with "Vision Djibouti 2035", and it has set the goal of "balanced development and growth of both
east and west districts" across the Ambouli River. Then, road improvement connecting east-west
urban districts separated by the Ambouli River, widening of existing roads, ring roads, LRT, etc.
have been proposed for smoothing road traffic in the city. Among them, four major routes are
positioned as important to connect east and west districts to realize and promote the development of
bases of the mentioned area (see Figure 3.3.3).

La ville pofycentTique
7 T T —
Las cortraites whanes primal e
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D T e ar tea pn Srew

......

* Present river-crossing point (3 points) ___ " .
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° 1 2 amm urbanization area (planned) )
——

Source: SDAU
Figure 3.3.3 Future Land Use Plan of the City of Djibouti

1 SDAU is an abbreviation of the French name, Schema Directeur d’Amenagement et d’Urbanisme.
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@

Organizations related to the transport sector are shown in Table 3.3.1.

Table 3.3.1 Organizations Related to the Transport Sector

Transport Sector Organization Outline
Related to Road and | ADR This organization is responsible for the planning, design, construction,
Port and maintenance of national and local roads in Djibouti.
DPFZA This organization is responsible for the development and operation of

ports and free zones. The Djibouti Ports Corridor Road (DPCR), a
subordinate organization of this organization, is in charge of planning,
maintenance and financing of the international corridor connecting
Djibouti Port with neighboring countries.

Related to ADR This organization is responsible for overall transport policy in

Transport, Djibouti, and the agency in charge of the Djibouti side of the “Urban

Logistics, and River Mobility Improvement Study” conducted by the World Bank by May
2020.

MAWFLFR This organization is responsible for flood control in Djibouti and is the

administrator of major rivers in the country. It is also the implementing
organization of the Ambouli Friendship Dam Project which was
implemented with Turkish assistance in the upper Ambouli River

basin and completed in May 2019.

33.2
(1)

The Port of Djibouti handles large transshipment goods? because of its ideal geographical location.
In addition, the port also functions as a gateway for Ethiopia and about 80% of import is bound for
Ethiopia. The export volume is 1/10 to 1/5 of that of the import, of which about 70% is transshipped
goods (see Figure 3.3.4 and Figure 3.3.5).

Import (ton)
18,000,000
16,000,000
14,000,000 .
12,000,000 .
10,000,000 l l . i 1
8,000,000 . _ . :
6,000,000 ‘ ' ‘
4,000,000
2,000,000 i d ! |
o . = == = == - =i
2010 2011 2012 2013 2014 2015 2016
¥ Goods to Djibouti ¥ Goods to Ethiopia Transshipment
B Fuel (Djibouti) ® Fuel (Ethiopia)

Source: PAID
Figure 3.3.4 Volume of Imports Handled at the Port of Djibouti

2 This indicates that the transported cargo will be transhipped to another ship at a port on the way.
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Export (ton)
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Figure 3.3.5 Volume of Exports Handled at the Port of Djibouti

(2)

The railway in the Republic of Djibouti was first constructed by a French company in 1917 as the
Ethio-Djibouti Railway (connecting the Port of Djibouti and Addis Ababa). A new railway adjacent to
the old one was constructed because of difference in the gauge width and the propulsion system.
Regarding the financing of the new railway, 70% of the total investment of 3.4 billion dollars was
supplied by the Export-Import Bank of China and the construction was completed in 2017. The railway
is being operated by two Chinese companies under a six-year operation agreement with public railway
corporations of Djibouti and Ethiopia. The train has to go up from the Port of Djibouti located Om
above the sea level to Addis Ababa located 2,300m above the sea level, in a distance of about 700km.
Therefore, it requires a system with a strong propulsion, and it was decided to introduce an electrified
railway system. The section connecting Sebeta and Adama via Addis Ababa was built with double
tracks as a large demand was expected, and the remaining route between Adama and the Port of
Djibouti was built with a single track.

Ay Asrers

= New Standard Gauge Line

el | === 0ld Narrow Gauge Line

Source: https://en.wikipedia.org/wiki/File:Bahnstrecke Addis_Abeba%E2%80%93Dschibuti.png
Figure 3.3.6 New and Old Railway Routes between the Port of Djibouti and Addis Ababa
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Freight transport between Djibouti and Ethiopia is carried out both by trucks and railway. The
railway service started in 2018 and trains run to and from the Port of Djibouti and Addis Ababa, and
currently the daily freight train frequency is limited to three in each direction. Railway freight has a
share of about 13% of the entire freight (freight volume carried by one train is equivalent to that of 53
trucks).

The final goal is to increase the daily frequency of the freight trains to 19 in each direction (See Table
3.3.2).

Although there are short- and long-term plans for the frequency increase, it is already behind this
schedule. In addition, how this service will grow in the future is unknown, making the estimation of the
future modal split difficult. Therefore, the modal split between the train and truck is estimated based on
the scenarios of the train service growth:

Scenario 1: The number of train operations per direction will increase up to five by 2023, and then
remain so.
Scenario 2: The number will increase by one each year.

Scenario 3: The ultimate goal of daily freight trains of 19 per direction will be achieved by 2030.

Table 3.3.2 Rail Service Operation Plans

Pair of trains (pair/day)
Study Year Scction Pasenger | PP | Pickupaod | o
train Train drop train
SEBETA ~ADAMA 5 5 1 1
ADAMA~ AWASH 2 5 i 8
Initial Stage
AWASH~DIRE DAWA 2 5 1 8
DIRE DAWA~NAGAD 1 S. 1 7
SEBETA ~ADAMA 3 7 1 14
- )
- ADAMA~ AWASH 2 8 1
Stage AWASH~DIRE DAWA 2 9 1 2
DIRE DAWA~NAGAD 1 9 1 m
SEBETA ~ADAMA 10 16 1 27
~ 17 1 21
Listg oo ADAMA~ AWASH 3
Stage AWASH~DIRE DAWA 3 19 1 2
DIRE DAWA~NAGAD 2 9 1 2

Source: Ethiopian Railways Corporation

Figure 3.3.7 below show the modal split between trains and trucks for the above three scenarios. In
Scenario 1, the train share would reach a maximum of 19%, and in Scenario 2 the share gradually
increases until it reaches 34%. In the third and most optimistic scenario, the train share reaches a
maximum of 48%, and the train share decreases after reaching its maximum frequency, as the freight
volumes continue to increase.
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Figure 3.3.7 Transition of Rail/Truck Transportation Sharing Ratio by Scenario

3
The modal split in Djibouti City is as follows: 20% travel by public transport, 50% on foot, 3% by
own car and remaining by taxi and company bus (survey of the World Bank). The city has no
established bus routes or bus stops, and the bus driver chooses the route to serve depending on the
demand, which means customers can get on and off the bus wherever they want. Although the bus
routes are not established, buses mostly serve routes connecting the east and the west sides of the
Ambouli River. There are a total of about 44 routes (See Figure 3.3.7). The bus fare is set at 40 FDJ
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for the central part of the city and 50 FDJ between the central part and the Balbala district (no fare
revision has been made since 1998). Different issues are pointed out including existence of districts in
the peripheral areas with no service, poor safety and imbalance of service due to over-competition
caused by lack of any regulation, besides poor working environment for drivers.

Source: Djibouti Technical Assistance for Urban Public Transport: Situational Analysis (World Bank)
Figure 3.3.8 Djibouti City Bus Routes

Table 3.3.2 shows the number of public transport vehicles using the two bus routes crossing the
Ambouli River based on the current survey. The total traffic of the two routes exceeds 1,400 vehicles
during the morning peak hour (i.e., one hour in the morning peak time). By multiplying the number of
vehicles by average number of passengers by vehicles type®, the largest number of the peak-hour peak-
direction traffic volume of Palmeraie and Italy Bridge routes is found to be 6,164 people, and 5,300
people, respectively (See Table 3.3.3). Normally, the number of passengers that a bus can handle is
said to be around 4,000 per hour (i.e., peak hour, per direction)*. Since the current passenger volume
significantly exceeds the normal bus capacity, it can be said that it is the time to introduce a new urban
transport system (articulated bus, BRT, LRT, etc.). If we assume that the peak rate of public
transportation is about 10%, the daily traffic volume would be about 90,000 people on the Palmeraie
Road and about 80,000 people on the Italian Bridge, for a total of about 170,000 people.’,

3 Based on the capacity of each mode of transportation, we assumed that there would be 8 passengers for Bajaj, 2 passengers
for Taxi, 12 passengers for Minibus, and 30 passengers for Midibus in the city canter direction. In the suburbs, the capacity
was assumed to be half that. The capacity of each transportation type is as follows. Bajaj (8 seats), Minibus (12 to 14 seats),
Midibus (30 to 35 seats), Taxi (4 seats)

4 The capacity of a large bus is 45 to 60 people/vehicle. If we assume the maximum number of passengers is 60, and the
operation interval is 1 minute (60 buses/hour), the hourly transportation volume would be 60 passenger’s x 60 buses = 3,600
passengers/hour. Shorter service intervals will increase the transportation capacity, but considering the processing time at the
bus stop, the increase will be about 10-20%, and the limit is said to be about 4,000 passengers.

3> Palmeraie Road: 8,716 people/hour / 10% = 90,000 people/day, Italian Bridge: 7,925 people/hour / 10% = 80,000
people/day. The total number of people is 170,000, which is about 30% of the population of Djibouti City, which is about
570,000 people. This indicates that 15% of the total population crosses the Palmaret Road or the Italian Bridge every day.
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Table 3.3.3 Number of Traffic through Ambouli River (morning peak 1 hour)

Bajaj Taxi Minibus Midibus Total
To City Center 0 169 93 157 419
Palmeraie Road To Suberb 2 102 157 100 361
Subtotal 2 271 250 257 780
To City Center 1 111 50 149 311
Italy Bridge To Suberb 2 79 143 112 336
Subtotal 3 190 193 261 647
To City Center 1 280 143 306 730
Total To Suberb 4 181 300 212 697
Subtotal 5 461 443 518 1,427

Table 3.3.4 Number of Traffic through Ambouli River (morning peak 1 hour)

Bajaj Taxi Minibus Midibus Total
To City Center 0 338 1,116 4,710 6,164
Palmeraie Road To Suberb 8 102 942 1,500 2,552
Subtotal 8 440 2,058 6,210 8,716
To City Center 8 222 600 4,470 5,300
Italy Bridge To Suberb 8 79 858 1,680 2,625
Subtotal 16 301 1,458 6,150 7,925
To City Center 8 560 1,716 9,180 11,464
Total To Suberb 16 181 1,800 3,180 5,177
Subtotal 24 741 3,516 12,360 16,641

C)

In August 2012, wireless solar traffic lights were installed at 25 locations of the city by a Chinese
company, Zhong Jing Electric Engineering Co., Ltd. Since the signal timing is fixed and not optimized
for peak hours, police officers control the traffic during the peak hours instead of the traffic lights to
avoid congestion. With the increase of the traffic volume, it is becoming difficult to facilitate traffic
using the existing traffic lights, and it is desirable to replace the lights with more advanced ones, which
can change the timing with the change of the traffic. In addition, the existing traffic lights use solar-
power batteries, and it is reported that some of the lights do not function at night as their run out of
power.

Haac Source: Zhong Jing Electric Engineering Co., Ltd. HP

Figure 3.3.9 Traffic Lights Installed in Diibouti City
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333

The volume of truck traffic on National Road Route 1, the main route for transporting goods between

Ethiopia and Djibouti, is increasing every year, indicating the significance of logistics between the two
countries (See Figure 3.3.9).

At present, Ethiopia uses the Port of Djibouti to import or export almost all goods. In July 2018,
however, the leaders of the governments of Ethiopia and Eritrea signed an agreement to normalize the
two countries’ relations, and as the result, Ethiopia is expected to use the ports of Eritrea, for mainly

freights to or from the northern part, which is geographically closer. Therefore, Djibouti needs to take
necessary measures to ensure its competitiveness over Eritrea.
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Figure 3.3.10 Changes in the Truck Traffic Volume on the National Road Route 1
3.3.4

Table 3.3.2 shows donors engaged in the urban development and transport sectors in the Republic
of Djibouti. In general, China is engaged in large-scale infrastructure developments related to
strengthening logistics functions (ports, railways, free trade zones, etc.); and the World Bank is engaged
in activities related to enhancement of livelihood and government capabilities, such as the
strengthening of governance, poverty reduction, and public transport. Meanwhile, Japan's support is
mainly concentrated in three areas: strengthening socioeconomic infrastructure, strengthening maritime
security capacity, and improving basic education (see Table 3.3.3). At TICAD-V held in Yokohama in
June 2013, five priority areas including the Djibouti Corridor were indicated, and it was stated that
developments that promote integration such as infrastructural development, industrial development,
social development, etc. in the concerned region would be supported. Then, in 2016, "The Data
Collection Survey for Djibouti Corridor" was carried out to analyze the socioeconomic situation,
infrastructure development, customs, immigration control, and international relationships in the region
to grasp development issues and potentials (our company was in charge of this task). Furthermore, the
"Country Assistance Policy for the Republic of Djibouti" formulated in September 2019 supports the
development of industrial infrastructure and the improvement of the living environment of citizens,
with a major goal of "Supporting sustainable socioeconomic development that contributes to regional
stability", and three medium goals of "Strengthening the socioeconomic infrastructure that contributes
to sustainable economic growth," "Development of human resources needed to support economic
growth," and "Supporting efforts to stabilize the region."
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Table 3.3.5 Donor Trends in Urban Development and Transport Sector in Djibouti

Project Name Project .
D " 1
onor (abbreviation) Phase Outline
Djibouti Urban Completed After investigating the.actual c.pndltl.ons of_publlc _
1 . transportation in the City of Djibouti, a policy note which
World Bank Mobility Improvement | in May . . .
Survey 2020 summarizes action plans for short and medium and long term
was proposed.
Saudi Fund National Road Route 1 | Tender T\_yo-lar_lve asphalt pavement renovation project in 60km west of
for . . . Djibouti's second city, Dikil.
renovation project preparation
Development
A green park of about 70,000m? (7ha) is being constructed on
FIO.W er park Under . the right bank of the Ambouli River (National Road Route 1
maintenance construction . .
Italy Bridge to Palmeraie Road).
Diibouti . Total area 48km? (planned) is the largest in Africa. The
jibouti International S . > L
Test open completion is aimed at in 2028. 2.4km* was opened as a trial in
Free Trade Zone (FTZ)
July 2018.
A railway route with a total length of 753km that connects
China Djibouti-Addis Ababa In service Djibouti and Addis Ababa. Full-scale commercial operation
Railway started in 2018, but unstable operation due to insufficient
power supply is considered to be a problem.
It is located in the Balbala district in the City of Djibouti and is
Doraleh Port (New . a multlpurpose port w1th container terminals, oil terminals, etc.
Port) Project In service Chmes_e companies are involved in the development and
operation of the railway, and can directly enter the above-
mentioned Djibouti- Addis Ababa Railway from the port.
Others Development of an industrial complex consisting of LNG
(Arab Fund Development of the terminals and piers, electric power bases, multi-purpose ports,
for Economic Damer'lz) Industrial Under shipyards, livestock terminals, and the Djibouti- Addis Ababa
and Social Park 108 construction | Railway route in the southeastern part of the City of Djibouti
Development, and the Damerjog district, about 1km ahead of the Somali
etc.) border.

Table 3.3.6 Recent Grant Aid Projects to Djibouti

. . G/A, E/N
Project Name Field
Month/ Year
The Project for the Construction of Primary and Secondary .
School in Nassib in Balbala Quarter. Education Nov. /2020
The Project for the Reinforcement of Maritime Transport .
Capacity at the Gulf of Tadjourah. Transportation Sep. /2019
The Project for Improvement of Road Management Equipment. | Transportation May. /2016
The Project for the Improvement of TV Programs of | Information and Mar. /2015
Radiodiffusion Television of Djibouti Communication Technology )
The Project for the Construction of Patrol Vessels for Enhancing Governance Apr. /2014
the Ability to Secure Maritime Safety and Security. pr-
The .PrOJect for-.Impr.0V§ment of Fire Fighting and Rescue Governance Apr. /2013
Equipment of Djibouti City
The Project for Provision of Waste Management Equipmen Environmental Management Dec. /2012
The Project for Rural Water Supply in Southern Djibouti Water resources and disaster May. /2011
prevention
Elementary and secondary teacher training school construction Education Feb. /2010
project
The I.’rf)Ject for .Introductlon of Clean Energy by Solar Resources and Energy Dec. / 2009
Electricity Generation System
The Project for the Improvement of TV Programs of | Information and Mav. / 2009
Radiodiffusion Television of Djibouti Communication Technology o
Basic Education Enhancement Program Education Aug. /2003
Djibouti City Urban Water Supply Plan (Phase 2) Water resources and disaster Aug. /2002
prevention

Source : JICA
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Chapter 4 Flood Risk Analysis in the Target Areas

4.1

In March 2021, the risk of flooding in Djibouti City was assessed by AFD (French Development
Agency) and the results were summarized in a report titled “Diagnostic et Recommandations pour une
gestion intégrée du risque inondation sur 1’agglomération de Djibouti (AFD, Sepia, 2021)”, or
"Diagnosis and Recommendations for Integrated Flood Risk Management in Djibouti” (hereafter
referred to as "AFD Report").

4.1.1

In the AFD report, Section 2.1.4, "Flooding due to overflowing of the Ambouli River", analyzed the
flooding for different return periods. The results of the analysis including the relationship among the
return period, the probable discharge, and the estimated inundation volume are shown below.

Table 4.1.1 Probable Discharge and Estimated Inundation Volume of Ambouli River (BCEOM)

Return Period (1/year) Probable Discharge (m3/s) | Estimated Inundation Volume (Mm3)
2 430 3.9
5 870 7.1
10 1,160 9.1
20 1,440 11.1
30 1,600 12.2
50 1,800 13.6
100 2.080 15.5
1000 2,970 219

Source: Technical Assistance Study for the Establishment of an Analysis and Monitoring System for Risks
Associated with Natural Disasters (Flood and Seismic) (2013)

The project titled “Plateforme pour d'Analyse Intégrée du Risques” (PAIR) or “Comprehensive
Approach for Risk Assessment in Djibouti” (ARAD), conducted flood analysis for different return
periods of discharges. In the flood risk assessment, floods with return periods of 100-year and 1,000-
year were simulated (see the Figure below). In the case of 100-year return period, probable inundation
areas are the downstream areas of the right bank embankment along National Road Route 1 (RN1).

Venice Street

| sapt mna
Source: Diagnostic et Recommandations
5 pour une gestion intégrée du risque
inundation sur I’agglomération de Djibouti
(AFD, Sepia, 2021)

[
-

Figure 4.1.1 Probable Inundation Areas by Ambouli River Flooding
(100-year Return Period, 2080 m*/sec)
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In addition, in the case of the 1,000-year return period flood shown below, the probable flooding
areas extend further to the northeast of Djibouti City and to the east of National Road Route 1 (RN1)
in the right bank of the Ambouli River.

Venice Street

R
— al Source:Diagnostic et Recommandations
e - pour une gestion intégrée du risque
e inundation sur I’agglomération de Djibouti
- (AFD, Sepia, 2021)
Figure 4.1.2 Probable Inundation Areas by Ambouli River Flooding
(1,000-year Return Period, 2,970 m?/sec)
4.1.2

The major flood control facilities in the Ambouli River are the right bank embankment of the section
near Djibouti City (2008), which was constructed after the 2004 flood, and the Ambouli Friendship
Dam, which was completed in 2019 in Langobale in Ambouli River . The following issues related with
these facilities from the perspective of flood control risk were identified based on the interviews with
the Ministry of Agriculture by the Survey Team.

1)

According to an interview with the Ministry of Agriculture, a flood control plan for the entire
Ambouli River basin (600 km?) has not been formulated. The discharges for the flood control measures
by storage are calculated based on the past floods, but official design discharges do not exist. There is
a lack of rainfall data in the basin, and no discharge observation is conducted in the Ambouli River. A
consistent flood control master plan, from hydrological (rainfall) analysis to river hydraulic (water
levels and discharges) analysis to flood control management also has not been formulated.

2

The Ambouli Friendship Dam was constructed for both flood control and irrigation water supply
purposes at a location 35km upstream of Djibouti City. During the November 2019 flood, the peak
flow of the Ambouli River was significantly reduced by the dam, which stored 10 million m® against a
capacity of 14 million m?, according to the UNDP report. The Ministry of Agriculture informed the
Survey Team that the operation rules for the Ambouli Friendship Dam are yet to be decided.

The AFD report makes the following comments:

The area of the dam, which accounts for about 45% of the total catchment area, has a flood control
effect in downstream areas, but naturally has no effect on floods in the tributaries.
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When a major flood is expected, it is necessary to secure enough capacity by releasing water from
the dam. However, the release of water for this purpose may cause damage downstream, and in such
cases, appropriate reservoir operation such as stopping an operation for the release of storage water,
and warning to downstream sections during the release of water are necessary.

On the other hand, lowering the dam water for flood mitigation is expected not to be easy when the
need of the water storage for irrigation purpose is considered. Therefore, the stakeholders concerned
should closely coordinate on operation of the reservoir to meet the two purposes of the dam
(irrigation and flood control), anticipating a situation like the one mentioned above.

The above points indicate the need to establish operation rules for the Ambouli Friendship Dam as
soon as possible.

3
The right bank embankment of the Ambouli River is assessed to be inundated by the 100-year return
period flood according to the results of the 2013 study. However, it is currently not well maintained,
and if overflowed, the entire western and northern areas located of Djibouti City could be at a higher
risk.

The effectiveness of embankment construction has been proven by simulations if it is properly
managed. However, in the current situation, maintenance and river management are poor, and the
foundation of the embankment is at a risk of being scoured and washed away. It is necessary to
strengthen the maintenance and management of the embankments and river channels.

4.2

4.2.1

The following are the photos of the river after the rehabilitation project titled “Flood Emergency
Rehabilitation Project” (FERP) was completed.

Left Bank Upstream of Italian Bridge Rh Bank ptream of Italian Bridge
Source: Eléments d'un programme de maintenance et de consolidation pour garantir la pérennité 3 moven et a long terme de
la protection contre les inondations de la Ville de Djibouti (2009.7)

Figure 4.2.1 Photographs of the Ambouli River after Project (2009, No.1/3)
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Right bank Upstream of Italian Bridge Left Bank Upstream of Italian Bridge
Source: Eléments d'un programme de maintenance et de consolidation pour garantir la pérennité 2 moven et a long terme de
la protection contre les inondations de la Ville de Djibouti (2009.7)

Figure 4.2.2 Photographs of the Ambouli River after Project (2009, No.2/3)

[ =S

Foundation Work (Gabion Work)

Had

Right Bank Embankment Construction and Drainage
Channel for Inland Water

Source: Eléments d'un programme de maintenance et de consolidation pour garantir la pérennité 2 moven et a long terme de

la protection contre les inondations de la Ville de Djibouti (2009.7)

Figure 4.2.3 Photographs of the Ambouli River after Project (2009, No.3/3)

Although no other flood control measures other than the above World Bank works have been
implemented on the Ambouli River, no floods overflowing the right bank of the Ambouli River have
occurred since the works.

4.2.2

The changes in the Ambouli River after the rehabilitation were organized using Google Earth. The
section upstream of the Italian Bridge and the section upstream of the riverbed road were selected for
this purpose. The Figures below show the changes in the river channel for the period between March
2008 and March 2020.



River Channel Upstream of the Italian Bridge
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Figure 4.2.4 Comparison of the Conditions after the Ambouli River Improvement in 2008 and

the current one in 2020 (Upstream Section of Italian Bridge)
Upstream Riverbed Crossing Road

TEDRETE T

Italian Bridge =~ 3

‘5

Sediment and
vegetation growth on
the right bank side

il
=
|

March 2020
Figure 4.2.5 Comparison of the Conditions after the Ambouli River Improvement in 2008 and

the Current one in 2020 (Upstream Section of Riverbed Crossing Road)

As can be seen from the above photos, the vegetation on the right bank of the upstream section of
the Italian Bridge and the upstream section of the riverbed crossing road has become very thick, and
sedimentation into the river channel is increasing.

4.2.3

upstream.

Based on the results of the river topographic survey, the discharge capacity of the current river
channel was calculated. The calculated section was from the survey starting point to about 4km
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The discharge capacity was evaluated separately for the right bank "height" and the left bank "height".
The discharge capacity of the right bank is approximately 500 - 1,000 m?/sec, while that of the left
bank is 100-300m?/sec. At the time of the right bank embankment construction in 2008, the discharge
capacity was to be 1,200 m3/sec, and the current discharge capacity has decreased significantly.
Although the decrease in discharge capacity is a cause of flooding, no overflow of water has been
recorded for these sections since the embankment was constructed in 2008.

3000
1/1000y

0

200 — o T = = il =2 e e e =em . -
PO R S S [ g S e g | s g U Sy Sy g pu—s g
5 | iy
A = - : : s S SER— (N (R —— p——— S — - — | —— o — =t —— o ——
w0 = Palmeraie Road Italian Bridge ———————————————————%{————~——-——“—'*
|| =S .F”‘!ﬁ“.. il Sopmdfees | L) = | i

: | r (W |

r xo e 3008 41K

Lo 0 2000 3000 400
X =

- J

] *umm;;it“ [ >1D0m3/sec 1'
& e b e T A e M i e e A B s o e e o e e e S e
é:(lﬂ)___“___'____‘____ QA ST B Mo GBSO Pt S rie ] 1 I OGO AT 7 AN e AL UL e e G2 I
e . S R S S S N S e S i S S N S
Rl e e B e e T = e T T e e S e e e e
i 00 Left bank: present ground height ]

(embankment height evaluated) |
000 =X o

Figure 4.2.6 Current River Discharge Capacity of the Ambouli River

4.24

The land use of the floodplain of the Ambouli River was compared using Google Earth from 2008
and 2020, and the comparison results are shown below. The main difference in land use is the
construction of the Ethiopian railroad on the left bank, and a slight increase in the number of houses.
In general, the floodplain is mainly used for agricultural land.

-l

! March 2008

arison of Land Use in the Upstream Section of the Italian Bridge of the
Ambouli River

Figure 4.2.7 Comp
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T e S e

S Riverbed Crossing Road

March 2020

Note: Prepared by JICA Survey Team based on Google Earth

Figure 4.2.8 Comparison of Land Use in the Upstream Section of Riverbed Crossing Road of
the Ambouli River

In the upstream section of the Italian bridge where the field survey was conducted by JICA, the right
bank consists of only roads and river slopes, so there are no houses or agricultural land as shown below.
Since the flood plain in the left bank has flat terrains, there are houses in the area near the river channel.
The land on the left bank side is mainly agricultural land.

]

Existing Hod in the Left Bank Left Bank View from Right Bank
Figure 4.2.9 Current Conditions from Riverbed Crossing Road to Italian Bridge

According to an interview with the Ministry of Budget, Lands and Land Property Legislator, the
land use conditions in the river areas (Italian Bridge-Palmeraie Road) in the lower sections from the
Ambouli River is as follows.

The flower park development project funded by the Saudi Arabian Government in the right bank in
the Ambouli River is currently under construction by the Chinese Company, the river works is
scheduled to be completed with embankment works, and there are no further expansion works.

The left bank area of the Ambouli River was rented to the local residents as agricultural land in the
past, but there is currently no development plans in the left bank area.
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A new urban development project by the Chinese Company (Touch Road) was signed with the
Prime Minister of Djibouti in 2014. There is no business progress for development since then.
Therefore, to date, the land title of the development area has not been transferred to the company.

Left Bank of Downstream Section from Italian

SRS e
Bridge Right Bank of Downstream Section from Italian Bridge

Figure 4.2.10 Current Conditions of Downstream Section from the Italian Bridge

4.3

4.3.1

Although there has been no overflow of the Ambouli River into the Djibouti City area since the
completion of the right bank embankment work in 2008, there have been problems such as disruption
of road traffic due to prolonged rainfall, prolonged stagnant water due to poor drainage in Djibouti City,
and outbreaks of water-related diseases caused by the stagnant water, as seen during the 2019 flood.

The importance of maintenance and management of the Ambouli River after completion of the
embankment has been also recognized, its maintenance and management has been limited by lack of
budget and personnel. In addition, there is a riverbed crossing road 900m upstream of the Italian Bridge,
and the dumping of garbage, construction wastes, and waste soils in the area around this road is
remarkable, causing the riverbed to rise.

The discharge capacity of the river channel at the time of completion of the embankment in 2008 is
not known, but based on previous reports, it is estimated to be around 1,200 m*/sec. On page 18 of the
“Eléments d'un programme de maintenance et de consolidation pour garantir la pérennité a moven et &
long terme de la protection contre les inondations de la Ville de Djibouti (2009.7)”, the discharge
capacity that can be safely discharged is assumed to be between 1,000m?*/sec and 1,200m?/s. In contrast,
as summarized in the previous section, the current flow capacity of the Ambouli River is at most 500
m?/sec, which is significantly lower than the capacity when completed.

Based on the current conditions described above, a river improvement plan for the Ambouli River
will be developed. The target area of the river improvement plan is assumed to be Djibouti City, which
is located on the right bank of the Ambouli River. The particular target area for flood damage mitigation
is the east area of the Ambouli River and the north area of the Djibouti Airport, which is approximately
20 km?.
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Note: Created by JICA survey team using Google Map as a base map.
Figure 4.3.1 Flood Protection Areas and Ambouli River

Regarding the Ambouli River, there is no hourly rainfall data available for the flood control plan,
and only daily rainfall data is available. In addition, since no hydrograph has been obtained, it is not
possible to calculate the runoff discharges corresponding to rainfall, i.e. the runoff coefficient.

During the 2019 flood event, many photos and videos were taken, and the flood peak level mark at
the Italian Bridge in the Ambouli River was also observed. In this study, the peak discharge generated
by the flood peak level mark is estimated for the Ambouli River by performing non-uniform flow
calculations. On the other hand, daily rainfall has been monitored for a long period of time at Djibouti
Airport near the Ambouli River, which makes it possible to calculate the probable rainfalls. Although
some major floods in the past have lasted for two to three days, the duration of rainfall that dominates
inundation (flooding) for Djibouti City and the Ambouli River is evaluated on a daily basis. Therefore,
the probability of rainfall evaluation is made on a daily rainfall basis.

The Ambouli Friendship Dam, constructed and began operation in 2019, has a flood control function,
but the rules for its reservoir operation have not been formulated, as noted earlier. A flood control plan
is a plan to determine the magnitude of rainfall (probable rainfall), calculate the discharges based on
the probable rainfall (design discharges), and distribute the design discharges to rivers, dams, regulating
reservoirs (ponds) and other facilities. In the case of the Ambouli River, however, it is not possible to
carry out these series of operations. In particular, since it is not possible to specify the design discharge
for flood control at the Ambouli Friendship Dam, it is planned that a predetermined flood discharge
will flow down only the river channel.

As for non-structural measures, land use regulations shall be implemented for areas with possible
inundation areas to prevent human damage due to flooding in the upstream section of Italian Bridge.

4.3.2
(1)

The annual maximum rainfall was obtained from the Djibouti Airport Station under the National
Meteorological Agency, but only for the five years starting from 2016. In addition, a document on a
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climate obtained lists the maximum annual rainfall from 1981 to 2011, and the daily rainfall shown
below was taken from this document. For the four years from 2012 to 2015, correlations between
monthly rainfall and daily rainfall were determined based on the rainfall from 2016 to 2020, and
calculations were made based on these correlations.

Rxld
200

y=-lb6x+798

Max daily rainfall (mm}
=

W
=
|

0|||||||||||||||||||||||||||||||

1980 1985 1990 1995 2000 2005 2010
Year
Source: “Recent Extreme Precipitation and Temperature Changes in Djibouti City (1966-2011)”, Journal of Climatology,
Volume 2013, Article ID 928501

Figure 4.3.2 Trend in Annual Maximum Rainfall (1980-2011)

Based on the above, the annual maximum daily rainfall arranged is shown below.

Table 4.3.1 Annual Maximum Daily Rainfall (1980-2020)

Maximum Daily Rainfall (mm) Maximum Daily Rainfall (mm)
Occurrence year, maximum daily rainfall Occurrence year, maximum daily rainfall

Year Max Rainfall (mm) Year Max Rainfall (mm)
1980 15.0 2001 40.0
1981 160.0 2002 39.0
1982 88.0 2003 20.0
1983 50.0 2004 90.0
1984 80.0 2005 25.0
1985 69.0 2006 50.0
1986 28.7 2007 24.0
1987 45.0 2008 44.0
1988 9.7 2009 25.0
1989 180.0 2010 30.0
1990 80.0 2011 27.0
1991 70.0 2012 46.7
1992 13.0 2013 333
1993 120.0 2014 14.0
1994 38.0 2015 57.4
1995 30.0 2016 306.0
1996 12.0 2017 162.0
1997 40.0 2018 110.7
1998 18.0 2019 170.0
1999 189.0 2020 80.0
2000 37.0

Source: "Recent Extreme Precipitation and Temperature Changes in Djibouti City (1966-2011)", Journal of
Climatology, Volume 2013, Article ID 928501

National Meteorological Agency (NMA) (2016-2020)



The results of the probability of the maximum daily rainfall for each year arranged are shown below.
Eleven probability calculation methods were used, as described below. The reliability of the calculation
methods is assessed based on the standard least squares value (i.e., method with SLSC <0.04). As a
result, the ”Iwai Method” is selected to be the most reliable method.

Table 4.3.2 Results of Probability Calculation of the Annual Maximum Daily Rainfall (1980-2020)
SqrtEt Gev LP3Rs Iwai IshiTaka | LN3Q | LN3PM | LN2LM | LN2PM

Correlation. return period | Exp Gumbel

X-COR(99%) 0.987 0.953 0.988 0.992 0.984 0.994 0.993 0.993 0.993 0.993 0.993

P-COR(99%) 0.994 0.973 0.995 0.997 0.992 0.997 0.997 0.998 0.997 0.997 0.997

SLSC(99%) 0.039 0.073 0.051 0.026 0.054 0.019 0.029 0.019 0.042 0.021 0.021
Year Exp Gumbel [SqrtEt Gev LP3Rs  [Iwai IshiTaka |LN3Q LN3PM |LN2LM |LN2PM

2 46.9 56.0 48.0 45.9 47.9 45.6 47.4 44.5 47.2 46.4 46.4
3 70.7 78.7 66.0 64.2 71.5 65.4 66.3 64.1 65.6 66.5 66.1
5 100.8 104.1 88.6 89.0 101.1 92.6 91.7 91.9 90.5 93.8 92.6
0 141.6 136.0 121.0 128.2 141.1 134.6 130.0 136.1 128.6 135.5 132.9
20 182.4 166.5 156.0 176.7 180.6 183.7 173.6 189.1 172.5 183.7 179.1
Probability 30 206.2 184.1 177.9 210.5 203.4 216.1 202.0 224.6 201.2 215.1 209.2

50[  236.3 206.1 207.0 260.1 231.8 261.0 240.9 274.5 240.8 258.6 250.5

80[  264.0 226.2 235.4 313.9 257.3 306.8 280.0 326.0 280.9 302.5 292.3
100]  277.1 235.7 249.4 342.5 269.3 330.1 299.7 352.5 301.2 324.8 313.4
150  301.0 253.0 275.7 400.6 290.7 375.2 337.6 404.0 340.3 367.7 354.0
200{ 3179 265.3 295.0 446.9 305.6 409.3 366.2 443.4 369.9 400.1 384.6
400[  358.7 294.7 344.1 579.2 340.7 499.8 441.0 548.8 447.8 485.5 465.0

The distributions (plotting positons) of daily rainfalls for each year and the regression equation for
the above calculation results are shown below.
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Figure 4.3.3 Distributions of Annual Maximum Rainfalls and Regression Curve
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The probable rainfall can be summarized as follows.

Table 4.3.3 Return Period and Probable Daily Rainfall

Return period (1/year) Probable daily rainfall (mm)
200 409.3
100 330.1
50 261.0
30 216.1
20 183.7
10 134.6
5 92.6
2 45.6

(2) Analysis of Tidal Level
The estuarine tidal level of the Ambouli River was arranged from the tidal level records collected
from January 2016 to September 2018. Based on these tidal level records, the synodic monthly average
tidal levels are calculated and shown below.

Table 4.3.4 Synodic Monthly Average Tidal Levels in the Flood Seasons

Year Month Date of New | Tidal Level | Date of Full | Tidal Level A Year Average
(Dark) Moon (m) Moon (m) (m)
2016 1 10 2.79 24 2.63 2.71
2 8 291 23 2.65 2.78
3 9 2.99 23 2.68 2.84
4 7 3.05 22 2.71 2.88
5 7 3.05 22 2.72 2.89
11 29 2.63 14 2.96 2.80
12 29 2.66 14 2.96 2.81 2.81
2017 1 28 2.78 12 2.96 2.87
2 26 2.88 11 2.96 2.92
3 28 2.98 12 2.85 2.92
4 26 3.05 11 2.74 2.90
5 26 3.04 11 2.72 2.88
11 18 2.61 4 2.70 2.66
12 18 2.60 4 2.68 2.64 2.83
2018 1 17 2.63 2 2.95 2.79
31 2.86 2.86
2 16 2.76 2.76
3 17 2.86 2 2.86 2.86
31 2.85 2.85
4 16 2.94 30 2.81 2.88
5 15 2.99 29 2.71 2.85 2.84
Average 2.97 2.76 2.83

From the above Table, the synodic monthly average tidal level in the Ambouli River is set to 2.83m.

(3) Evaluating the Flood Occurrence Scale Based on the Daily Rainfall of Floods in the Past

Based on the results of the probable daily rainfall analysis, the return period of major floods is evaluated
and shown as follows.
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Table 4.3.5 Probability Evaluation for Major Floods and Rainfalls in Djibouti

Return Period

SN Period of Total Amount of Daily Rainfall
Events Rainfall (mm) (mm) (1/year)
1 1989.4.6-10 507 180 18
2 1994.11.22 360 38 3
3 2004.4.11-14 93 90 5
4 2013.3.25 - 33 2<
5 2018.5.19-21 181 111 7
6 2019.11.21-25 444 170 17
7 2020.4.20-21 80 80 4

Source: JICA Survey Team

From the above Table, the 1989 flood (180 mm) event is evaluated as the largest and is evaluated

with a return period of 18 years, followed by the recent 2019 flood (170 mm with 17 years.

The peak discharge observed in the November 2009 flood event was estimated based on the flood
mark (estimated peak water level) during the flood. The peak water level is estimated at 4.7m (above

sea level) based on the video recording and photograph records.
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Figure 4.3.4 Peak Water Level for Flood Mark (4.7m) in 2019 Flood Event

For the above peak water level, a non-uniform flow calculation is performed and the elevation (H)-
discharge (Q) curve is prepared. From the H-Q curve, the discharge corresponding to the water level

mark (4.7m) was estimated to be about 500m’/sec.
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Figure 4.3.5 Elevation (H)-Discharge (Q) Curve and Estimated Peak Discharge
based on Water Level
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4.3.3

(0))

The basic policy of the Ambouli River improvement plan shall be as follows.

1) Design Scale and Design Discharge
The design discharge of the Ambouli River in the Palmaraie Road Plan is designated at 1,500

m?/s, which is the same as the discharge capacity at the time of construction of the right bank
done upstream of the Italian Bridge. However, the Study Team will also consider 1,800 m® s from
the viewpoint making Djibouti resilient to future climate change and flood resilience as the capital
Djibouti. The return periods of these planned discharges due to the basis of daily rainfall is about
25 years for the former and about 50 years for the latter (see Table 4.1.1).

2) Target Design Section
The target section designed for the river improvement plan is set from the Palmeraie Road to

the vicinity (Djibouti Airport) designated as the flood mitigation Area (Figure 3.11). It is about
4km away from the Palmeraie Road, according to survey results.

e L

Figure 4.3.6 Target Section of River Improvement Plan (Section Length: 4km)

3) River Improvement Method and Design Cross Section
The river improvement method will be the same as that of the embankment with trapezoid cross

section completed by the World Bank Project in 2008.

Regarding the longitudinal profiles, the design riverbed gradient is set as 1/700 based on the
current riverbed gradient. Regarding the excavation of the riverbed, judging from the sedimentation
conditions, an excavation depth of about 1m will be carried out up to the chainage of 0.3 km, but
the upstream section will be gradually approached to the current riverbed height. Therefore, it is
judged that the effect of saltwater intrusion due to river channel excavation is small. The design
average high tidal level in the river improvement plan is set as 2.83m (Above Sea Level). The

fluctuation of the low tide level varies from 0.90m to 1.90m.
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Under the design policy, the following two (2) alternatives for the river improvement plan were
considered based on the road plan explained in Chapter 6.

Alternative 2: Improvement Plan with

Alternative 1:Improvement Plan in Ambouli River Diversion of Ambouli River

l
Improvement of
Intersection

Improvement of
Intersection

Detour
(Temporary Work) i

Figure 4.3.7 Two (2) Alternatives Examined in River Improvement Plan

| Palmeraie Road ‘

=

‘ Italian Bridge |

Design Discharges Distribution

Design Design Design
Alternative Probability Discharge Discharge Discharge
(Year) (Q1,m3/s) (Q2,m3/s) (Q3,m3/s)
Alternative 1A 1/25 1,500 1,500
1B 1/50 1,800 1,800
Alternative 2A 1/25 1,500 1,160 340
2B 1/50 1,800 1,160 640

Figure 4.3.8 Design Discharge Distribution Plan for Two (2) Alternatives

Based on the design discharges for alternatives, typical cross sections for alternative 1 and 2 are shown
in Figures below.
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Figure 4.3.9 Typical Cross Section for Alternative 1 A (Q=1,500 m3/sec)

Ambouli River

% 6 Bank Width

' {— Q = 1,800 m3/sec Y 4.74m

’ HW.L:3.74m

Elevation of Inland ¥
j.UP" 1.1

37m

Elevation of Inland
Bank Slope Gradient

\ Channel Slope Gradient ?/
11

0
0 20 40 0 V-0.67n 100 120 / 140 160

110 m River Channel Width at Riverbed

Figure 4.3.10 Typical Cross Section for Alternative 1B (Q=1,800 m3/sec)
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Figure 4.3.11 Typical Cross Section for Alternative 2 A (Q=1,160 + 360 m3/sec)

Bank Width Ambouli River
¥ 40m
; Q=1,160 m3/sec
Elevation of Inland A

30m HWL:3.74

: : Elevation of Inland
3 Bank Slope Gradient 1:1 3700
1 Channel Slope Gradient

L1
0
] \ 20 0 YV-0.67m 6 80 / 100 120

70m River Channel Width at Riverbed

Bank Width Diversion River

Desif - T e V4.51m
=N = ' =340 mse
J

Ambouli River 1,160 m3/sec

Diversion River 640 )
Channel Slope Gradient

Total 1,800 m3/sec T
o ! V-0.33m

o0 0 80 %0

60 m River Channel Width at Riverbed

Figure 4.3.12 Typical Cross Section for Alternative 2B (Q=1,160 + 640m3/sec)

The longitudinal water level profiles for the alternative plans based on the results of the hydraulic
analysis using non-uniform flow analysis are shown as follows. The cross section that is critical
(restricted) in the longitudinal section of the water level is located at the Italian Bridge, and the cross
section was examined so that the water level at this bridge would be set at less than 5.3 m above sea
level (with considering the freeboard). The Figures below show the longitudinal water level profiles
based on the cross sections examined.
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Designed Riverbed =~ Bed elevation
10 1/50y:1800m3/s
1/20y:1440m3/s Maximum WL at
’g‘ Maximum WL at 1/10 y: 1160m3/s Italian Bridge 5.3m,
— 6 Palmeraie Road 4.5m, 1/5 y: 870m3/s Calculated WL:5.06
g Calculated WL:3.72 1/2 y: 530m3/s —
£ —
2
= 2T
-2
0 0.5 1
Chainage [km]
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Figure 4.3.15 Longitudinal Water Level Profiles for Alternative 2A (Q=1,160 +340 m3/sec)
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Figure 4.3.16 Longitudinal Water Level Profiles for Alternative 2B (Q=1,160 +640m3/sec)

(3) Land Use Regulation in Floodplain of Left Bank

In the examination of the alternative river improvement plans, a focus was made on the cross sections
between the lower section of the Italian Bridge and the planned Palmaraie Bridge. This section is planned
to be constructed with embankments on both banks.

On the other hand, in the section upstream of the Italian Bridge, 127 households were relocated in the
2008 World Bank funded rehabilitation project based on the census and socio-economic survey under the
Settlement Action Plan (RAP), which was drafted and completed in June 2006. Compensation made at that
time consisted of a plot of land for housing and construction of two-room housing units in the PK12 district
of Balbala.

Agricultural lands are scattered even in the floodplain sections on the left bank side upstream of the
current Italian Bridge, and there are houses in some areas. However, according to the information at the
time of the field survey, the houses were built by people migrated from neighboring Ethiopia. Although the
Djibouti government has restricted housing construction and regulated land use, its effects are limited. In
future river improvement plans, the relevant ministries and agencies such as Ministry of Agriculture, Water,
Fishery, Livestock and Marine Resources, Ministry of Budget, ADR, Ministry of Housing, Urban Planning
and Environment and Djibouti City shall discuss strengthening the land use regulations in the floodplain on
the left bank side of the Ambouli River and take measures against inundation.
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CHAPTER 5 Identification of Problems and Investigation of Counter-
Measures Related to Strengthening Logistics of Djibouti City

5.1

5.1.1

Changes in traffic volume are closely related to the country’s socio-economic changes. Djibouti City
has two distinct traffic: urban traffic and trans-border freight traffic. The urban traffic or domestic
traffic in general is closely related to the socio-economic change of the city or the country, while that
of the freight is mainly driven by the demand of the neighboring countries, particularly Ethiopia, a
landlocked country which heavily depends on Djibouti. Therefore, the two kinds of traffic are
forecasted separately as shown in Figure 5.1.1.

Freight Traffic

City Socio-

economic
Changes

GDP Changes

— I

Figure 5.1.1 Procedure of Traffic Demand Forecast

(1)

Urban traffic changes with urbanization and motorization along with the socio-economic
development. The city population was 475,322 in 2009 (2009 census data), and the Vision Djibouti
estimate the current population at 653,264. Vision Djibouti also forecast the city population to grow at
2.7% annually until 2025, and then at 3.3% until 2030 followed by 3.2% until 2035.

Regarding development of motorization, the country is recently registering more than 4,500 new
vehicles annually as shown in Figure 5.1.2. This is about three times as many as it was in the early
2000s. The cumulative number of newly registered vehicles since 1999 has exceeded 55,000, but there
is no data on the total number of vehicles. As of 1999, the total number of registered vehicles was
46,210. In other words, the total number of vehicles has more than doubled in the last 20 years, and it
is recently increasing at an annual rate of about 5%.',

! Actually, some of the cars should be scrapped, so these are approximate figures.
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Figure 5.1.2 Changes in the Number of Registered Veihcles

ADR conducted a traffic survey in the city in 2014, and forecast the future traffic volume by 2035.
The above survey estimated the total traffic volume of the three roads crossing the Ambouli River
(Palmeraie Road, Italy Bridge and Nagad Road) in 2014 at 39,946 PCU/day. The comparable current
traffic from the 2021 traffic survey is 50,641 PCU/day, which indicates an annual growth rate of 3.45%,
a rate slightly below the growth rate of 3.97% estimated by ADR.

The ADR growth rate is estimated based on future population growth, increase in the number of
registered vehicles, and economic development such as GDP, which cannot be covered by this survey
alone for reviewing it. It is also assumed that the growth of traffic volume has slowed down due to the
recent COVID-19 pandemic. Therefore, although the actual growth rate of traffic volume across the
Ambouli River is 3.45%, the ADR estimate of 3.97% was used to forecast the future traffic.

(2)

As mentioned above, freight traffic is mainly traffic related to the landlocked country Ethiopia .
Freight traffic is closely related to GDP trends. In the preparatory survey for Upgrading National Road
Route 1 conducted by JICA in 2018, it was confirmed that both freight vehicle traffic on National Road
Route 1 and the GDP of Ethiopia were growing at a similar rate of around 10%. Therefore, the future
growth of freight vehicle traffic is estimated based on the growth rate of Ethiopian GDP.

Freight vehicle traffic also depends on rail services between Djibouti and Ethiopia. The rail service
started in 2018 with a round-trip service per day. According to DPFZA, the number of trains has now
increased to three round trips a day. The long-term plan is to increase it gradually to 19 round trips a
day. Each train is estimated to carry cargo equivalent to that of 53 trucks, and future freight traffic
volume needs to take into account the increase in railroad transport service.

Currently, 2,122 trailers of two-way traffic are recorded by a 24-hour survey conducted at PK24 on
National Road Route 1. In addition, there are three round-trips of freight train services as noted earlier.
Table 5.1.1 shows the IMF's prediction of Ethiopian GDP, and it expects the GDP to grow at a rate of
over 8% from 2022 to 2026, but in this survey, the average growth rate of 8.17% is adopted for
forecasting the freight traffic.

5-2



Table 5.1.1 Forecast of Ethiopian GDP Growth Rate

Year 2022 2023 2024 2025 2026 | Average
Growth rate (%) 8.67 8.19 8.00 8.00 8.00 8.17
Source: IMF

5.1.2

Table 5.1.2 shows the results of the future traffic prediction for Palmeraie Road, Italy Bridge, and
Nagad Road.

Traffic volume on the Palmeraie Road will increase by 1.429 times from the current level to reach
45,100 PCU/day by 2030. It will be difficult to handle this traffic with a 2-lane road, and it will be
necessary to widen the road to 6 lanes. Italy Bridge traffic will also increase to 31,700 PCU/day by
2030 and 38,500 PCU/day by 2035, and widening it to 6 lanes should be considered by 2035. In
addition, the Nagad Road traffic, which shows the highest growth rate of the three routes, will increase
to 4,300 PCU/day by 2030 and 5,300 PCU/day by 2035, if a parallel road such as the outer ring road is
not constructed.

Table 5.1.2 Results of the Future Traffic Forecast

Traffic volume
(Upper: vehicles/day , Lower: PCU/day) Crogties
(A) Current (B) Future (C) Future
(Year 2021) (Year 2030) (Year 2035) ) ©e=)
31,550 45,100 54,300 1.429 1.737
Palmeraie Road
36,521 52,900 64,400 1.448 1.763
22,346 31,700 38,500 1.419 1.665
Italy Bridge
25,652 36,400 44,200 1.419 1.723
3,052 4,300 5,300 1.409 1.737
Nagad Road
4,047 5,700 7,000 1.408 1.730

Note: PCU exchange factors are as follows. Motorcycle: 0.5, Bajaj/Car/Taxi: 1.0, Midi bus: 1.2, Minibus/Light
truck: 1.8, Heavy truck: 2.5, Trailers: 3.5

55000-
50000-
45000-
40000- I Trailers
g 35000 B o
G 30000- —
% 25000~ B Minibus
= 20000- B Taxi
15000~ = —
19090+ Y M?fcjarbike
5000-
0_
2020 2025 2030 2035
Year

Figure 5.1.3 Palmeraie Traffic Forecast
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Figure 5.1.5 Nagad Traffic Forecast

5.2

Based on the current situation analysis and future forecasts as described above, the issues in
the transportation and logistics network in Djibouti are summarized in Table 5.2.1. These
problems are further summarized into three issues: "Strengthening the logistics network",
"Improving urban roads", and "Facilitating urban traffic".



Table 5.2 Issues in the Transportation and Logistics Network of Djibouti

Issues Overview and Main Cause Challenges

QO  Division of the city by the Ambouli river (lack of crossing road)

(D Defectiveness on road O  Division of the city by Djibouti - Ethiopian railway (lack of crossing
network road)

O Disconnected and bad alignment road network in the district

Stregthening the
logistics network

Deterioration of pavement due to lack of maintenance ability and

(@ Unpaved and deteriorated inadequate system

pavement
O Many unpaved roads due to lack of budget )
. . Improving urban roads
@ Deterioration of road O Deterioration of road structures due to lack of maintenance ability
structures and inadequate system

Ford structure of roads that cross the Ambouli River (Parmeraie
Road, Nagat Road)

Sedimentation in rivers due to lack of maintenance

@ Road flooding (outside

water)
Facilitationg urban traffic

® Road flooding (inland

Underdeveloped city drainage facilities and lack of maintenance
waters)

Occurrence of traffic congestion due to insufficient capacity at

® Occurrence of road . .
intersections

congestion Planning flood control

Deterioration of congestion due to street parking
Lack of public transport services and safety

@ Lack of public transport

0Ooo

Concentration aof services on specific routes

5.3

For the three issues summarized in the previous section, the following three types of measures are
proposed: "Structural measures" such as road maintenance and introduction of a new transportation
system, "Non-structural measures" which are centered on traffic regulation and enhancement of traffic
management, and "Flood-control measures" for the problems of river flooding and urban drainage,
which hinder logistics and urban traffic (refer to Table 5.3.1).

33.1

Improvement of the three trunk roads that cross the Ambouli River is desired along with the
improvement of the Ambouli River. In addition, it will also be necessary to review the logistics system
with Ethiopia, which is dominated by road transportation, by effective use of the Djibouti-Ethiopia
railway. It is also desirable to review the logistics system in line with the future development plans in
Damerjog and Nagad areas.

5.3.2

It is necessary to alleviate traffic congestion in the city, and to improve drainage facilities in the city.
Measures to alleviate congestion in the city include eliminating unpaved sections, improving
intersections, and improving access roads to newly developed areas.

5.3.3

Public transportation is essential for the Djibouti City for the daily lives and economic activities of
the citizens, but it is not properly managed currently. It is necessary to build a public management
system and consider the introduction of new public transportation system. In addition, the enhancement
of traffic management to alleviate traffic congestion in the city is also important.

5.34

The overflowing of the Amboli River and flooding of urban areas during the rainy season, which
recurs every year, is directly caused by the lack of maintenance of river areas and inadequate drainage
systems. However, there is a lack of a flood control plan to comprehensively plan, implement, and
maintain these measures.
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Table 5.3.1 Study of Countermeasures to Strengthen the Logistics Network in Djibouti City

Structural measures

Non-structural measures

Strengthening the
logistics network

+ Improvement of the roads crossing the

Ambouli River (Palmeraie Road, Italy
Bridge, and Nagad Road)

+ Road development in line with the

planned development of the Damerjog
and Nagad areas

Separation of trunk logistics and city
routes (restriction of the movement of
the large trucks in the city)
Installation of axle load gauge
Effective utilization of Djibouti-
Ethiopian railway

Improving urban
roads

Maintenance of trunk urban roads
(especially in the east-west direction)

+ Intersection improvement (structural

improvement, installation of advanced
traffic lights)

+ Rehabilitation of the missing road

(Vietnam Road) connecting Italy
Bridge and Palmeraie Road

Balbala area road improvement
(collector-distributor road
improvement, pavement improvement)
Road development in the newly
developed area

Planning of road maintenance
Strengthening of ADR implementation
capacity

Securing funds for road maintenance

Facilitating urban
traffic

Introduction of new public
transportation (BRT, etc.)
Introduction of measures prioritizing
public transportation (bus only,
priority lane, bus priority signal,
etc.))

« Street parking regulations
+ Advanced city traffic management

(introduction of advanced traffic lights,
traffic control system, etc.)

Planning for flood
control

River improvement of Ambouli River
Improvement of drainage facilities in
the city

Installation of mobile pump vehicles

* Flood Warning System
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Chapter 6 Direction of Assistance by Japan

6.1 Direction of Assistance and Selection of Specific Measures

Direction of Assistance

Helping to solve various problems in the field of economic and social development of Djibouti,
which is an important international partner for Japan, contributes to the stabilization of the East African
region and the revitalization of the regional economy through the strengthening of Djibouti national
infrastructure. Therefore, such aid would be highly valued and have quite significant impact. Since
various aids from different organizations and countries including the World Bank, China, the Saudi
Foundation, etc. are being provided in the area, as described in Section 3.3.4, identifying the role of the
Japanese aid from other donors is needed. In other words, the support that shows Japan’s concrete
presence among other active donors, including China and the United States, is required.

As mentioned in Section 3.3.1, in its National Development Plan, the Djibouti government aims to
"become a transport hub for African industries". In order to maintain and strengthen the
competitiveness of the logistics chain(SCAPE2015-2019) and to achieve "balanced development and
growth of both the east and west regions" of Djibouti City, it is proposed to build a road connecting the
east and west urban areas across the Ambouli River.

The Government of Japan has set up 5 priority areas including the Djibouti corridor, and has
announced aid centered on the development of the Djibouti corridor and regions around the corridor at
TICAD IV held in Yokohama in June 2013. The Government of Japan has conducted the “Information
Collection and Confirmation Study on Djibouti Corridor, Africa Region” in 2016, has organized the
development issues and possibilities by organizing the socio-economic situation, infrastructure
development, customs, immigration control, international affairs, etc. in the area, and has grasped the
development issues and possibilities. Furthermore, in the “Country Assistance Policy for the Republic
of Djibouti” formulated in September 2019, it has set up the basic policy of supporting the development
of industrial infrastructure and of improving the living environment of the people with an ultimate goal
of “Supporting sustainable economic and social development that contributes to regional stability" and
three medium goals of "Strengthening the economic and social infrastructure that contributes to
sustainable economic growth", "Developing human resources that support economic growth" and
"Supporting regional stabilization efforts".

Considering the direction of the development policy of the Djibouti government and the basic policy of
the Japanese government's support, it is desirable to provide "support related to the development of the
corridor and regional development around the corridor” with the goal of "support for sustainable economic
and social development that contributes to regional stabilization" to strengthen the logistics function of
Djibouti and to achieve balanced development within Djibouti.

The specific directions of the support are summarized in the following four points.
(1) Strengthening the connectivity between the east and west urban areas that are divided by the
Ambouli River.
(2) Development of a reliable international logistics network.
(3) Development of roads that contribute to urban and industrial development in the city.
(4) Development of a safe and comfortable road network in the city.

6.1.2 Selection of Specific Measures

Figure 6.1.1 shows the concrete measures (draft) for the directions of the support which have already
been set.

6-1



Direction of Assistance

Concrete Measures (Draft)

- N\
Enhancement of connectivity of @ t of road O  Strengthening of the three roads crossing
the east-west urban area mp‘rov;TeR E rtIJ.aR.s q the River (Palmeraie Road, Italy Bridge,
divided by the Ambouli River j'e‘:j:i ﬂ:o d":isz“' fverto > and Nagad Road)
O River improvement, etc.
N J
. -~
Development of reliable @Enh ¢ of road O  Improvement of urban drainage system
international logistic trunk lines nhancement of road. ——>» 0 Improvement of unpaved roads in cities
functions as the capital city P P
\El Development of Outer Ring Road )
(- .
Construction of roads that O Development of new city areas (Farah
; (@Development of access roads
contribute to urban and A b P Had, Balbala Sud, Nagad)
. . ) on —>
industrial development in the induz:’ri::fd::/:I;Tr::; areas O Development of industrial bases (Nagad,
city L Damerjog) )
(= f
. Introduction of new transportation
@Development of a public P
Development of a safe and . systems
. transportation network to e . X .
comfortable city road network support urban transportation O Introduction of public transportation
priority measures, etc.

Proposed Projects (Draft)

- J

Figure 6.1.1 Identifying the Direction of Support and Concrete Measures (draft)

1. Improvement of three roads crossing the Ambouli River: this refers to Palmeraie Road, Italy

Bridge, and Nagad Road. The Italy Bridge will be reinforced or replaced, while new bridges will
be built at the remaining two crossings. River improvement will also be included.

Development of new urban area and development of access roads to industrial development areas:
this consists of the construction of access roads to three new residential areas (Farah Had, Balbala
Sud and Nagad) planned in SDAU, and the construction of access roads to industrial development
areas in Nagad and Damerjog districts. It will support these developments in terms of road
improvement.

Enhancement of road functions as the capital city: this supports the upgrading of vulnerable urban
roads, drainage system and pavement of the capital city.

Development of a public transportation network to support urban transportation: this includes the
consideration of the introduction of priority measures for existing public transportation and new

transportation systems.

Table 6.1.1 shows the results of the evaluation of these measures from the following three

perspectives:

® Urgency: Is it addressing issues that need to be addressed immediately?

® Validity: Is it appropriate as a Japanese grant aid project? Can it show Japan's presence?

® Feasibility: Are there any obstacles such as maturity of the plan, difficulty of the project, etc.,
to the implementation of the project?

Table 6.1.1 Evaluation of Concrete Measures (draft)

Evaluation Items Comprehensive Remarks
Urgency Validity | Feasibility | evaluation

1. Improvement of roads crossing the

Ambouli River to deal with flood risk © © A ©
2. Development of new urban areas, and

development of access roads to VAN A O AN

industrial development areas, etc.
3. Enhancement of road functions as

the capital city © A O O
4. Development of a public

transportation network to support O A A A

urban transportation

Note) © : Excellent, O : Good, A\ : Average
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According to the evaluation, (1) Improvement of roads crossing the Ambouli River received the
highest rating.

Flooding of the Ambouli River, which divides Djibouti City into east and west, has been recurring
every year and has had a significant impact on the lives of citizens and economic activities. There is no
doubt that the development of roads that are resistant to flood damage is highly evaluated in terms of
urgency and relevance. In addition, improvement of urban drainage systems and pavement condition
to strengthen the functions of the capital city are also considered to be extremely important measures,
but the scope of the project may be too wide and the project cost may be huge. Therefore, the evaluation
was low in terms of their appropriateness as grant aid projects. The necessity and effectiveness of other
measures are also recognized, but there are significant challenges in implementing them. As a result, it
is thought that this should be further examined in the future.

6.1.3 Selection of Priority Road Improvement Projects

As shown in Table 6.1.2, there are three possible alternatives for the "Improvement of roads crossing
the Ambouli River" that was selected as specific measures.

Italy Bridge was reinforced in 2017 and heavy vehicles are restricted from using it. However, the
bridge itself was never flooded, and it is still serving as a trunk road. Since it also serves as an alternative
to the Palmeraie Road when it is flooded, the need to reconstruct it prior to the improvement of the
Palmeraie Road is low. However, in the future, six lanes will be necessary to handle the future traffic
volume, and as it is also aging, the bridges will need to be replaced.

The traffic of Nagad Road is currently a low, but this may change and it could become an important
route once the Damerjog area is developed. However, the SDAU is planning an outer ring road in the
future, and this may diminish the role of the Nagad Road. Therefore, the direction of its development
should be examined in response to the progress of future developments.

Palmeraie Road is the busiest and most important road crossing the Ambouli River. However, it is
flooded and becomes impassible when heavy rainfall, resulting in a serious hindrance to logistics and
daily life of the citizens. In particular, the loss of access to heavy trucks would be critical for Djibouti,
so immediate action is needed.

Therefore, the Palmeraie Road improvement (widening and bridge) is selected here as the priority
road improvement project.

Table 6.1.2 Alternatives for the Improvement Roads Crossing the Ambouli River

Traffic volume
Curre(nPtCU/da}I?u rove Current Improvement policy
(2021) (2035)
* Highest traffic volume in the city * Widening to 6 lanes
Palmeraic * There is a lot of general traffic as * Reduce congestion at nearby
Road 31.550 54.800 well as logistics from Djibouti intersections )
(4-lane road) > > port. * Responding to increasing bus traffic
* Major bus routes * Improvement of the structure to
prevent flooding even during floods
* Second busiest road in terms of * Widening to 6 lanes
traffic volume, next to Palmeraie * Responding to increasing bus traffic
Ttaly Bridge Road ) * Reinforcement or replacement
(4-lane road) 22,346 38,500 | « Damage was discovered and
repaired in 2017. Since then, large
vehicles are restricted from using
it.
Nagad Road * Traffic volume is low, but the * Measures against flooding
(2-lgane road) 2,586 5,300 ratio of large vehicles is high.
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6.2
6.2.1

(1) Study Flow of Countermeasures
There are many facilities along the Palmeraie Road, including those under construction, and the river
conditions must meet the requirements necessary to plan the river crossing structures. Therefore, this
study will be conducted according to the following flow.

[ (3) Surrounding conditions, obstructing properties ] Check facilities around Palmeraie Road and roadside
usage.

\ 4

: Proposing multiple possible countermeasure plans
(4) Proposing countermeasure plans

v Candidate proposals are selected from a comprehensive

erspective, taking into account the impact on
[ (5) Preliminary selection of countermeasure plans ] p P . . g s . P .
intersection, existing facilities, river channel alignment,

and the surrounding environmental.
A 4

(6) Examination of other conditions for considering
countermeasures

Organizing the conditions for specific countermeasure
(road width, type of bridge superstructure)

A 4

. . . . Consideration of specific plans that reflect road and river
(7) Outline review for preliminary selection o | o
conditions, confirmation of feasibility, and proposal of

further improvement countermeasures
v

[ (8) Countermeasures for future flood risks ] On the proposed improvement plan for reduction of future
flood risk

\4

} Study of additional countermeasure proposals for the issues

[ (9) Study of additional countermeasures i 8 )
identified in the above study

v

Summary and evaluation of the proposed countermeasures
J in (7) and (9)

[ (10) Evaluation of countermeasures

Figure 6.2.1 Study Flow of Palmeraie Road Countermeasure
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(2) Basic Policy for Measures
The basic conditions for considering measures for the Palmeraie Road are shown below.

Table 6.2.1 Basic Conditions for Palmeraie Road Countermeasures

Item

Assumptions

1. Target year for
planning

2035 (roughly 15 years from now)

2. Design traffic
volume

2021: 31,550 vehicles/day (4 lanes) 2025: 37,000 vehicles/day (6 lanes)
2030: 45,100 vehicles/day (6 lanes) 2035: 54,800 vehicles/day (6 lanes)

3. Exclusive bus lane

Not considered at this time

4. Improvement of the
Ambouli River

In order to make the road passable in all weather conditions by installing a river
crossing structure, river channel improvement will also be carried out.

A river cross-section enough for the design flood discharge should be secured
(to be set separately).

The embankment will be constructed from the downstream side of Italy Bridge
to about 100m downstream of the Palmeraie Road. In the downstream of the
embankment, the river channel will be excavated.

5. Type of river
crossing structure

Since this is an important route and the Italy Bridge is located nearby upstream
of the river, the structure will be basically the same as that of the Italy Bridge.
Culvert type (multi-story structure) was judged unsuitable because the cross-
sectional blocking ratio is not satisfactory and it has maintainability issues.

6. Main obstructing
properties

FTZ facility (owned by Chinese company, temporary and can be relocated)
Flower Park (under construction by a Chinese company)

High-voltage power line (63kV).

Railroad between Djibouti and Ethiopia.

7. Future plans

Touch Road is a new urban planning project. An MOU was signed with the
Djibouti government in 2014, but the progress of the project has not yet been
determined. Land ownership has not been delegated, but care must be taken when
planning permanent structures up to the river mouth.

Source : https://human-village.org/spip.php?article153

Figure 6.2.2 New Urban Planning Project at the Mouth of the Ambouli River.
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* See 6.2.1(1) for the study flow of countermeasures

(3) Surrounding Conditions and Obstructing Properties
The main facility locations and as-built photos of them between the subject Palmeraie Road and the

upstream Italy Bridge are shown below.

[1] FTZ Facility (Chinese)

[3] Intersection

[5] Power Station

[4] Rail Bridge

The Palmeraie road is located parallel to National Road Route 1,
about 600 meters downstream of the Ambouli River, with a width of
about 19 meters and a distance of about 800 meters between the east
and west intersections. The western part of the road passes under a
railroad overpass, and there are FTZ facilities (Chinese company)
and the Flower Park (under construction by a Chinese contractor)
along the road. There is a high voltage power tower located east of
the Flower Park and a switchyard for the main high voltage line
across Fun City Road. The Ambouli River has its main stream on the
east side, but it flows down to the sub stream on the west side when
it is flooded by heavy rain. Therefore, ford structure is used at the
intersections of the current road with the main stream and the sub
stream.

Figure 6.2.3 Facilities around Palmeraie Road
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In addition, the condition of the area around Palmeraie Road and obstructing properties are shown
below. The status of the FTZ facilities and Flower Park, which are assumed to require special
consideration in this measure, are shown on the following pages.

2. Palmeraie Road

4. FTZ facilities (Chinese companies)

—

7. Streetlights (2 types: high and low) 8. Flower Park (under construction)

. eps . 9. High-volt line t 63kV
Figure 6.2.4 Current Conditions around Palmeraie Road igh-voltage power line tower ( )



= Detailed status of FTZ facilities

The FTZ facility has two
entrances/exits, on east and
west sides, so consideration
should be given to the
connection to this facility
when improving the road.

~0

Entrance-1 -,

Figure 6.2.5 Detailed Status of FTZ Facilities

* Detailed status of the Flower Park

The Flower Park has one
entrance/exit, and  the
connection to this
entrance/exit needs to be
considered when improving
Entrance the road. It has other
entrances on the National
Road Route 1 side.

———

e

Figure 6.2.6 Detailed Status of Flower Park
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Photo[1]

If the road alignment is shifted to the east from
the current road and a bridge is built, care should
be taken to ensure the necessary distance from

Source: Prepared by JICA survey team based on the voltage line.
materials received from the EDD

Figure 6.2.7 High-Voltage Line Layout



(4) Identifying Countermeasure Proposals
Based on the conditions outlined above, the following four possible countermeasure proposals are
outlined.

Table 6.2.2 Proposed Palmeraie Road Countermeasures (1/2)

Alternative 1: River improvement on the main stream, installation of one bridge (partial relocation of
FTZ facilities)

Detour
(Temporary Work)

\ Improvement of
i Intersection

* Proposal to improve the main stream
* The alignment of the river channel will not change significantly from the current situation, but some
of the FTZ facilities will need to be relocated in order to secure the river cross section.

Alternative 2: River improvement on the sub-stream* channel and installation of one bridge (without
relocation of FTZ facilities) *In this chapter, diversion river is described as sub-stream.

* Proposal to improve the sub stream
* No relocation of the FTZ facility is required, although the river channel alignment will be
significantly changed from the current condition.
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Table 6.2.3 Proposed Palmeraie Road Countermeasures (2/2)

Alterenative 3: River improvement of the main stream and sub-stream, and installation of two bridges
(no relocation of FTZ facilities)

* Proposal to improve?he rivr by dividing it into main stream and sub-stream
+ Compared to the proposal 1, the river width and bridge length of the main stream flanked by the
facilities can be reduced. The number of bridges and length of river channel are increased.

Alternative 4: River improvement between main stream and sub-stream, and Installation of one bridge
(with relocation of FTZ facilities)

* Proposal to improve the river by relocating the FTZ facility (temporary)
* The impact on connections to surrounding facilities and intersections can be reduced. Need to treat
the former river site along Flower Park.
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(6) Other Basic Conditions for Palmeraie Road measures
1) Road conditions (width)

* Road classification: Type 4, Class 1
* Design speed: 50 km/s

* Others:
+ The width of the roadway is 3.25m, which is the standard width of the road.
+ A median strip was placed to ensure safety of traffic.
+ The width of the shoulder is reduced so that traffic can be maintained even when a
broken-down vehicle is stopped.
+ A sidewalk is secured for pedestrian use (same for the upstream Italian bridge).
Note: The actual final road width should be determined by considering the project cost
through outline calculations.
Earth Work Section
24.50~27.25m
05 1.5~ 0.5~ -z 0.5~ 1.5~
V21225 0.75 3@3.25 1.00+-1.75 3@3.25 0,75, 2.250.5
Shoulder | Carriagewpy Median ! - ‘
Side Walk ! ! ;

Bridge Section

25.70~28.45m
1.5~ 05~ ] 05~ 15~
06,225 075  3@325 100~175  3@325  975,.2.2504
Side Walk| Shoulder | Carriageway Megian | .

Figure 6.2.8 Typical Width of Planned Palmeraie Road
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2) Bridge type (superstructure type)

The type of bridge superstructure for the river crossing is planned to be a "PC hollow slab bridge"
in consideration of the surrounding environment and constraints of the bridge location.

Reasons for the selection:

- Steel bridge types were not used because of maintenance issues such as painting for rust prevention.

- Special bridges such as cable-stayed bridges and suspension bridges are not suitable for the scale of
the bridge and require a large number of members. The number of members is large, and maintenance
and management are inferior, so they should not be used.

- A concrete bridge was chosen as the basic structure to prevent salt damage, and a high strength

prestressed concrete bridge was chosen as the basic structure.
- In order to minimize the changes in the longitudinal profile of the road, the girder height should be

kept low and the type of bridge should be easy to maintain in the future.
* The final decision on the bridge type needs to be considered in the next design phase.

25700

00 500 3@3250=9750 1p0p 3@3250=9750 500 60
150

)]
(=]

-

O

M, 10@1120=11200 legﬁ 10@1120=11200 41

Hollow Slab Girder T- Girder

cossecen | OOOOOOD | “T T T

Iy

Girder Bottom

Condition
Small surface area Large surface area
H/L
H: Girder Height H/L=1/25 H/L=1/15
L: Span

Figure 6.2.9 Type of Bridge on the Palmeraie Road
(Typical cross-sectional drawing for comparison)
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(7) Outline Review for the Preliminary Selection Proposal

The table below shows the results of the evaluation of the three proposals selected in the preliminary

selection based on the outline study of the river improvement plan and the road and bridge plan, and the
outline plan of each proposal is shown in the following pages.

Table 6.2.5 Summary and Evaluation of the Alternatives for Palmeraie Road Countermeasures

Alternative 1 Main Stream Improvement

Assumptions Partial relggatiqn of FTZ facilities. (The Flower Park is currently under construction,
and demolition is expected to be difficult.)
Item Plan Item Plan
Bridge Length 115m Earth work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Width of Lane 3.25m Else
Side Walk 1.5mx2
Estimated Cost

4,600 million yen

- The river alignment will not change significantly.
- In order to connect the road to the entrance/exit of the FTZ facility, the longitudinal
length of the road needs to be about 6%. From the viewpoint of driving safety, it is
desirable to keep it at about 2.5%. In this case, a separate side road arrangement will
be required to connect to the FTZ facility. By raising the entire road, the road surface
height is set higher than the HWL.

- The partial relocation of the FTZ facility will take time to coordinate with the

administrator, which may affect the progress of the project.
Alternative 2 Sub-stream Improvement

Evaluation

. Agreements with relevant organizations on the treatment of the main stream site
Assumptions
along the park
Item Plan Item Plan

Bridge Length 108m Earth work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location

Width of Lane 3.25m Else

Side Walk 1.5mx2

Estimated Cost 4,300 million yen

- As there are no restrictions on the sub-stream side other than the FTZ facility, it can
be crossed at right angles to the Palmeraie road. However, the excavation of the river

bed will be the largest among the alternatives.

- The location of the improved river is far from the Flower Park and the intersection on

the east side, so the connection to these facilities is relatively easy.

- The Park is planned and developed along the current alignment of the main river, and

it is expected that it will take time to coordinate changes in the river channel and
disposal of the site.
Alternative 3 Main and Sub-stream Improvement

Assumptions Detailed study of river diversion plan

Evaluation

Item Plan Item Plan
Bridge Length 87+51m Earth work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Width of Lane 3.25m Else
Side Walk 1.5mx2
Estimated Cost 5,200 million yen
- The total project cost will be the highest among the three proposals because the total
bridge length will be the longest.
- The overall project cost will be the highest among the three proposals because the
Evaluation

total bridge length will be the longest, and the issue of the longitudinal alignment of
the road to connect the entrance and exit of the FTZ facility is the same as in
Alternative 1. The length of river improvement will be longer, and the burden of
maintenance and management after improvement will be higher than other proposals.

Note: Estimated cost includes detour construction, relocation of buried pipes such as power and communication pipes,
consultant cost, and contingency cost.



Alternative-1:Main Stream Improvement (FTZ facility: Partial relocation)

[JICA Project] Design Flow Rate Q=1500m3/s

[Future Project] Design Flow Rate Q=1800m3/s

Bridge-1[Extension]
L=131m
W=25.70m

Figure 6.2.10 Outline of Plan (Alternative-1)
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Alternative-2: Sub-Stream Improvement (FTZ facility: No relocation)

[JICA Project] Design Flow Rate Q=1500m3/s

Bridge-1
L=108m
W=25.70m

[Future Project] Design Flow Rate Q=1800m3/s

Bridge-1[Extension]
L=123m
W=25.70m

Figure 6.2.11 Outline of Plan (Alternative-2)
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Alternative-3: Main and Sub-Stream Improvement (FTZ facility: No relocation)

[JICA Project] Design Flow Rate Q=1500m3/s

Bridge-1
L=87m
W=25.70m

Bridge-2
L=53m
W=25.70m

[Future Project] Design Flow Rate Q=1800m3/s

Bridge-1
L=87m
W=25.70m

Bridge-2[Extension]
L=73m
W=25.70m

Figure 6.2.12 Outline of Plan (Alternative-3)
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The followings are images of the completed form Alternatives 3 of Palmeraie Road.

Figure 6.2.16 Image of the Palmeraie Road Countermeasure (Alternative 3) [1/2]
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Figure 6.2.17 Image of the Palmeraie Road Countermeasure (Alternative 3) [2/2]
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(8) Proposed Countermeasures Against Future Flood Risks

The planned flow rate of the Ambouli River in this study was set at 1,500 m3/sec based on the rainfall
observation data for the past 40 years, taking into account the maintenance status upstream of the Italian
Bridge and the scale of Japan's grant aid.

In addition, as shown in 4.3.3(1), the planned flow rate of 1,800 m3/sec (about 50-year probability) was
set as the target, including the improvement of the area upstream of the Italian Bridge, in order to ensure
resilience to climate change and floods in the future.

The following pages show the outline of each phase of the improvement described above, as well as the
image of future improvement for the Alternative 1 and Alternative 3 described in (7) above.
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Present

¥ \Upstream from Italy Bridgel

.

Palmeraie Road

Bridge and road improvement
| (Hardware measures)

e

| Upstream from ltaly Br‘idgel

Py ol -‘,'.' 5. o
measures, dredging, and
maintenance are needed as wel

£al

Figure6.2.18 Palmeraie Road Phased Improvement Plan (draft)
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Alternative 1: Main Stream Improvement
Current State
o — FTZ g
. Sub-stream SR Mr Bl
l Partially relocation of FTZ
L= . "

JICA Project (Q=1500m3/s)

|
= \ Plan for future extension Q1
Land use regu!atic;ﬂ

Future Project (Q;=1800m3/s)
[ [—
[ s PSR

=

+ERE HWL

Bridge extension

Q2

In the JICA project, the river will be improved and bridges will be constructed with the designed flow rate
of Q1 (=1500m3/s).

The planned future flow rate of Q2 (=1800m3/s) is to be met by widening the river channel and extending
the bridges. In this case, it is necessary to planning for future extending at the JICA project stage.

The Alternative 2 is basically the same policy, with the widening of the bridge on the sub-stream side.

Alternative 3 : Main + Sub-stream Improvement

Current State
(=

ey substream KR s T rpark

JICA Project (Q;=1500m3/s)

e

Land use regulaion | Ll

HWL

Future Project (Q;=1800m3/s)

Bridge extension

Qs Q3 QI =Q3+Q5

In the JICA project, river improvement and bridge construction will be carried out at the designed flow
rates of Q3 and Q4 (1160m3/s and 340m3/s) for the main stream and the sub-stream, respectively.

In the future, the river channel will be widened and the bridges will be extended to meet the flow rate of
Q5 (640m3/s) on the sub-stream side (the bridge on the main stream side will not be extended).

The bridge on the sub-stream side needs to be planned for future extending at the JICA project stage.

Figure 6.1.19 Proposed Phased Improvement of the Palmeraie Road and Structural Response
(Alternative 1, Alternative 3)
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(9) Study of Additional Countermeasures for Palmeraie road improvement

Each of the alternatives considered in the previous section (7) still has issues to be addressed in terms
of consultation and coordination with the existing surrounding facilities (FTZ, Flower Park) and the
scale of the project. Therefore, additional studies were conducted to meet these challenges.

Table 6.2.6 Palmeraie Road Improvement Issues and Additional Alternativess

Issue-1 [1] Coordination for partial FTZ relocation (Alternative 1)
+ To avoid relocation of the FTZ facilities, special retaining walls are applied to the
river improvement sections that interfere with the FTZ facilities.
Add. + Future measures to be taken for the river improvement will be additional
Alternative 1 improvement on the sub-stream side to avoid relocation of the FTZ facilities.
* (The basic policy for future correspondence is the same for other proposals)

Issue-2 [1] Coordination for partial FTZ relocation (Alternative 1), [2]Reduction of construction costs
o As for river improvement, as in the current situation upstream of the Italian Bridge,

dikes will be built only on the right bank (city side), while the left bank will be
improved simply.

Add.
Alternative 2

Issue-3 [2]Reduction of construction costs
o The cost of construction will be reduced by constructing a road along the
Add. alignment of the detour route required for construction. As for the river
Alternative 3 improvement, the left bank is to be constructed only in a simplified manner as in

Add. Alternative 2.

Note: The river improvement should be based on the main stream improvement (Alternative 1), which can
reduce the coordination with surrounding facilities and the burden of maintenance and management.

A summary of the plan outline for the three additional Alternatives proposed above is shown in the
Table 6.2.7, and a summary drawing for each plan is shown on the following pages.

Table 6.2.7 Summary and Evaluation of the Additional Alternatives for Palmeraie Road

Countermeasures
Add. Special Retaining Wall Arrangement
Alternative 1 Assumptions Partial rel(.)c.atlo.n of FTZ facﬂmes. (The Flower Park is currently under construction,
and demolition is expected to be difficult.)
Item Plan Item Plan
Bridge Length 115m Earth Work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Lane Width 3.25m Else Special retaining
Side Walk 1.5mx2 wall
Estimated Cost 4,500 million yen

- A special retaining wall (assuming concrete sheet pile) will be placed on the left bank
downstream from the Palmeraie Road, where the river cross section is close to the
FTZ, to avoid relocating part of the FTZ facilities.

Evaluation - Construction cost will increase due to additional structures.
- The longitudinal road plan to connect the FTZ facility and the park to the entrance/exit
is the same as the Alternative 1 shown in (7).
Add. Simple Improvement of Left Bank Dike.
Alternative 2 . The dike on the left side of the river should be improved at the same simple level as
Assumptions . .
upstream of the Italian bridge.
Item Plan Item Plan
Bridge Length 108m Earth Work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Lane Width 3.25m Else Left side dike
Side Walk 1.5mx2 improved simply
Estimated Cost 4,300 million yen
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- The improvement of the left bank of the river will be limited to a simple dike
equivalent to the one upstream of the Italian Bridge to avoid countermeasures against
the FTZ facility.

Evaluation - Improvement of the left bank of the river will be carried out at the time of future
planned flow in consideration of climate change. In this case, upstream
improvements including the Italy Bridge are also necessary.

- It is possible to reduce investment in FTZs whose future existence is unclear.

Add. Road Improvement with Detour Road Alignment
Alternative 3 Assumptions Detailed study of river diversion plan
Item Plan Item Plan
Bridge Length 108m Earth Work Width 24.5m
Outline of Plan Bridge Width 25.7m Intersection 2 location
Lane Width 3.25m Else Simple dike(left
Side Walk 1.5mx2 bank)
Estimated Cost 4,500 million yen

- It is the most economical among the alternatives due to the reduction of detour
construction cost and the reduction of the scale of left bank river improvement.

- The construction cost for relocation and restoration of buried pipes can be reduced,

Evaluation and the construction period can be shortened accordingly.

- In the longitudinal road plan, coordination with FTZ facilities and park entrances and
exits is unnecessary.

- The construction of the bridge is constrained by the presence of high voltage lines
above the planned bridge site.

Note: Estimated cost includes detour construction, relocation of buried pipes such as power and communication pipes,
consultant cost, and contingency cost.
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Add. Alternative-1: Special Retaining Wall Arrangement

[JICA Project] Design Flow Rate Q=1500m3/s

Special
Retaining Wall

Bridge-1:
L=115m
W=25.70m

Image of special retaining wall (concrete retaining wall)
Source : https://www.geostr.co.jp/product/?pca=7&ca=12&id=1488166123-377633

[Future Plan] Design Flow Rate Q=1800m3/s

Bridge-2:
L=50m
W=25.70m

. Bridge-1:
L=115m
' W=25.7m

Figure 6.2.20 Outline of Plan (Add. Alternative-1)
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Add. Alternative-2: Simplified Improvement of Left Bank Dike

[JICA Project] Design Flow Rate Q=1500m3/s

4 Protection around
bridge abutments

Bridge-1:
L=115m
W=25.70m

As for river improvement, as in the current
situation upstream of the Italian Bridge,
dikes will be built only on the right bank
(city side), while the left bank will be

\_ improved simply.

[Future Plan] Design Flow Rate Q=1800m3/s

Special
Retaining Wall

Bridge-2:
L=50m
W=25.70m

i Bridge-1:

Figure 6.2.21 Outline of Plan (Add. Alternative-2)
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Add. Alternative-3: Road Improvement with Detour Road Alignment

[JICA Project] Design Flow Rate Q=1500m3/s

% Bridge-1:
L=108m

Ford or Culver A 25'70m‘

Structure

Railway

[Future Project] Design Flow Rate Q=1800m3/s

Bridge-1:
L=100m
W=25.7m

Special
Retaining Wall

Figure 6.2.22 Outline of Plan (Add. Alternative-3)
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(10) Summary of Palmeraie Road Improvement Contermeasures

A summary of the results of each of the studies shown in (7) to (9) above is shown below.

- The relocation of the FTZ and the modification of the Ambouli River alignment are likely to
require time for negotiation and coordination with the relevant ministries and agencies, and
are likely to be obstacles to early implementation of the measures (Alternative 1, Alternative
2).

The alternative that divides the Ambouli River into a main stream and a branch stream can
address the above issues, but it will increase the length of river maintenance of the Ambouli
River. Considering the current maintenance and management system in Djibouti, the
suitability of this alternative for the local region remains an issue. In addition, this alternative
requires two bridges, which results in the highest project cost among the comparative
proposals (Alternative 3).

The following are among the additional alternatives that changed the level of river
improvement and the alignment of road improvement based on the basic conditions of
avoiding relocation of FTZ facilities and the current alignment of the Ambouli River;

- The use of special retaining walls should be avoided as much as possible due to the
uncertainty of future plans for the FTZ facility, and the high cost of construction (4dditional
Alternative 1).

- The improvement of the road in the form of a detour route is expected to be constrained
during construction due to the close distance of the bridge to the high voltage lines above,
and it also remains an issue as a road alignment with heavy traffic (Additional Alternative 3).

Based on the above results, the Palmeraie Road improvement plan is considered to be
superior to the "Additional Alternative 2" among the comparison Alternativess. However,
since no consultations with related facilities were conducted in this study, and the
topographical survey and buried object survey were limited, it is necessary to conduct these
surveys and collect such information in future studies, and reconsider the suitability of this
alternative.

(11) Calculation of Estimated Project Cost

The estimated project cost assuming a Japanese grant aid project is shown below.
In addition to calculating the project cost of the alternative judged to be superior in Section 6.2.1
(10), the advantages and disadvantages of this alternative were summarized.
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Table 6.2.8 Estimated Project Cost (Palmeraie Road)

Project Policy

Scope of Work

Cost (million yen)

(1) River improvement
corresponding to the planned
flow rate of 1,500 m3/s
(equivalent to the upstream of
Italy Bridge)

(2) River improvement on the
right bank side where the urban
area is located (same as
upstream of the Italy Bridge)

(3) Bridge construction according
to the river cross section in (1)

(4) Improvement of Palmeraie
Road and intersection

Additional Alternative 2:

(1) River Improvement
River channel width: 95m

(2) Bridge Construction
Bridge length: 115m
Width: 25.7 m (six lanes of traffic, 1.5 m sidewalk on each|

side)
Bridge type: 4 span PC hollow slab bridge
Foundation type: Pile foundation

(3) Road and Intersection Improvement
Length: 1,000m
Width: 24.50m (roadway 3.25m x 6 lanes, sidewalk 1.5m
on each side)
Signalized intersection: 1, Roundabout right turn added:
1

Total Cost: 4,300

Breakdown of Main
Construction Cost
(1) River Improvement;

100

(2) Bridge Construction;
2,540

(3) Road, Intersection;

520
(4) Relocation of Utility Pipes;

400
(5) Other Works;

210
(6) Consultant Cost;

337
(7) Contingency Cost;

207

* (5) includes detour cost

-The planned flow rate and channel improvement are consistent with the upstream plan.
-Maintenance and management (dredging, etc.) after completion of the project is easy because the river is

B Advantages
integrated into the mainstream.
B Challenges

-It is necessary to understand the detailed location and shape of buried objects such as power pipes and

communication pipes.

-When the water level rises beyond the planned level, the water will flow to the tributary side, so it is necessary to
consider measures to ensure the flow and the Palmeraie Road crossing.
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6.2.2

Palmeraie Road intersects with other roads at both ends. As shown in the figure below, the eastside
intersection is signalized and the west side one is roundabout.

Figure 6.2.24 Palmeraie Road Intersection and Roundabout

The current morning peak traffic volume of the eastside intersection is 3,423 vehicles (4,065 PCU
per hour), and that of the roundabout is 2,565 vehicles (3,110 PCU per hour). The east side intersection
is more critical because of its proximity to the river and the high volume of traffic. An overview of the
intersections is given below.

0)

Current Status Analysis

As shown in Figure 6.2.25, the eastside intersection has heavy traffic from the direction of Balbala
to the city center during the morning peak hours. This is especially noticeable for the traffic turning
left onto Venice Road at the intersection. During the afternoon peak hours, the traffic in the opposite
direction turning right from Venice Road and turning left from Fun City toward Palmeraie Road is high.
Furthermore, the inbound EDD approach has only one lane, and although the traffic volume is low and
is almost all through traffic towards Palmeraie Road, the efficiency of this intersection depends largely
on the treatment of this traffic.

Table 6.2.9 shows the calculation of intersection saturation and congestion by each approach using
traffic volumes and signal plan in the morning peak when the traffic of the intersection is highest. The
current intersection saturation is 1.011, which is above the standard (less than 0.9), and some
countermeasures are needed even in the current situation. In addition, the congestion level of Palmeraie
Road and EDD approaches is high.
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Morning Peak Hour

Afternoon Peak Hour
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Figure 6.2.25 Volume of the Traffic Passing Through the Intersection on the East Side of
Palmeraie Road

Table 6.2.9 Results of the Calculation of the Saturation at Intersection (current situation)

Entrance Palmeraie | Venice | EDD [ FunCity
é’, Cycle length (seconds) 140
% 2 |Loss time (seconds) 16
2 % 1¢ 0.353
— $| Signalphase | 2¢ 0.111
S 2 demand ratio | 3¢ 0,295
g = 44 0.252
A Degree of saturation of]| 1.011 > 0.9

intersection

- Saturation flow rate 3,640 4,000 1,940 3,800
2 Green ratio 0.19 0.26 0.19 0.26
“?b 2| Design capacity (PCU/h) 692 1,040 369 988
g Demand (PCU/h) 1282 207 572 764
© Degree of congestion 1.85 0.20 1.55 0.77

Examination of countermeasures

Current existing layout

There are two ways to reduce congestion at intersections: structural measures, such as addition of
new lanes and grade separation, and non-structural measures, such as the review of traffic regulations
and signal timing. Figure 6.2.26 shows 3 at-grade and 1 grade-separated intersection alternatives.

In addition to widening the Palmeraie Road (left-turn lanes from 2 to 3, and total lanes from three),
Proposal A-1 improves Fun City approach (right-turn lane to shared / right turn lane), Proposal A-2
improves EDD approach(shared through/left-turn lane to right-turn lane), and Proposal A-3 combines
the above two improvements (widening Palmeraie approach and improving Fun City and EDD
approaches). Proposal A-4 is a grade-separated alternative elevating two left-turn lanes from Palmeraie
Road to Venice Road, and this requires widening Venice from its current three lanes to four lanes.
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Proposal A-1

/TERY

Proposal A-2

| TR

e Palmeraie approach: A left turn lane added (from one
lane to two lanes)
e Fun City approach: Right-turn lane=Through-right lane

e Palmeraie approach: A left turn lane added (from one lane
to two lanes)
e EDD approach: Left-through lane = Right-turn lane

Proposal A-3

Proposal A-4

= AR TR

e Palmeraie approach: A left turn lane added (from one
lane to two lanes)
e Fun City approach: Right-turn lane = Through-right

e Palmeraie approach: Left-turn lane elevated (two
lanes)

e Fun City approach:  Right-turn lane = Through-right

lane lane
e EDD approach: Left-through lane = Right turn lane e Exit side of Venice Road: 1 lane added (from 3 to 4
lanes)
e EDD approach:  Left- through-right lane = Through-
right lane

Figure 6.2.26

Improvement Alternatives for the Eastside Intersection of Palmeraie Road.

Table 6.2.10 shows the degree of saturation for each of the above alternative intersection plans for
the years 2025, 2030, and 2035. The degree of saturation level of Proposal A-1 exceeds 0.9 except for
the current condition and it will not able to handle the future traffic volume. Proposal A-2 can be handle
the traffic until 2030, while Proposals A-3 and A-4 can handle until 2035.

The grade-separated intersection will ensure smooth flow of the left-turn traffic from Palmeraie Road
to Venice, but the degree of saturation will be the same as that of Proposal A-3. In addition, the cost
will be large, and there are still physical challenges, as the project may be affected by the high-voltage
power lines that cross the Palmeraie Road. Therefore, Proposal A-3 is recommended in this study.
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Table 6.2.10 Proposed Improvement Measures for the Eastside Intersection of Palmeraie Road
Saturation rate (AM peak)

RIS 2021 2025 2030 2035
Basic Do nothing 1.011 1.180 1434 1.742
Al Palmeraic: L-.LT-R>>L-L-LT-R 0.834 0.974 1182 1438
A2 Palmeraie: L-LT-R>>L-L-LT-R 0.598 0.700 0.849 1.032

+ EDD: LTR>>R

Palmeraie: L-LT-R>>L-L-LT-R
A-3 + EDD: LTR>>R 0.494 0.578 0.702 0.853
+ Fun City: L-TL-R>>L-TL-TR
Elevated Palmeraie left turn

A-4 + Fun City: L-TL-R>>L-TL-TR 0.513 0.599 0.727 0.884
+ Restriction of EDD left turn

Figure 6.2.28 shows the intersection plan drawing for Proposal A-3. Its basic concept is as follows:
¢  Since the entrance to the Flower Park and the intersection are close to each other, there is a need to
locate the entrance road to the park outside the right turn lane of the intersection.
o  The storage length at each approach was set as follows based on the traffic volume per signal cycle.

Table 6.2.11 Storage Length at Each Approach

Palmeraie Venice EDD Fun City
A Staight | Rigp; | Staight | pigh Right s&ﬁf-fht
eft left right
Traffic volume per hour Q0 2.211 1.340 357 795 285 2,021
Number of lanes n 3 1 2 1 1 3
Traffic volume per lane (Q0/n) Qn 737,0 - 178,5 - 285.0 673.7
Traffic volume per signal cycle (Qn/Cn) Qc 28,7 - 6,9 - 11.1 26.2
Storage length (Qc X 6m) L 172 - 42 - 67 157
Palmeraie Venice EDD Fun City
L4 Swaight | Righy | ST | pight Right séi}igttht
Traffic volume per hour Q0 745 750 816 1.566 81 2,006
Number of lanes n 3 1 2 1 1 3
Traffic volume per lane (Q0/n) Qn 2483 - 408,0 - 81.0 668.7
Traffic volume per signal cycle (Qn/Cn) Qc 9,7 - 15,9 - 3.2 26.0
Storage length (Qc X 6m) L 58 - 96 - 19 156

()

The west side roundabout is not problematic in its current state, but when left-turning traffic from the
direction of Doralee onto Palmeraie Road increases in the future, it will be difficult to enter from the south.
This will require a separate right-turn lane on Palmeraie Road from the south (see Figure 6.2.27).

Doraleh

/ " "] Sh. Osman

Figure 6.2.27 Proposed Palmeraie Road Westside Intersection Improvement
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Figure 6.2.28 Improvement Plan Drawing for the Eastside Intersection of Palmeraie Road



6.2.3

Based on discussions with the Government of Japan based on the "Additional Alternative-2", which was
judged to be superior among the alternatives, the following policy was presented regarding the content of
support for the improvement of the Palmeraie Road.

The measures should be aimed at strengthening against natural disasters.
Further reduction of project costs should be pursued.

The largest part of the project cost is for bridge construction. However, bridge maintenance is the sole
means of resilience against natural disasters, and it cannot be eliminated, so cost reduction measures in other
portions of the project were considered. The outline of each proposal and the breakdown of the project cost
are shown below.

Table 6.2.12 List of Cost Reduction Alternatives

Support Contents
Scope of Number . River Bridge Intersection
Work of lane LR Improvement | Construction Improvement'!
Basic Plan All 6 Lane Standard O O O
CR. East Side 6 Lane Standard O @) O (East Side)
Alternative-1
CR. .
Alternative.2 East Side 4 Lane Standard O O (4Lane) —
CR. Roadway-Reduction .
Alternative-3 All 6 Lane Sidewalk-One side * O O O (Bast Side)

*1 Reduce the amount of pavement replacement and signal replacement at intersections.
*2 Standard width: 25.7m (guard fence 0.6mx2, walkway 1.5mx2, shoulder 0.5mx2, lane 3.25mx6, median 1.0m)
Reduction width: 22.2m (guard fence 0.6mx2, walkway 1.5mx1, shoulder 0.5mx2, lane 3.00mx6, median 0.5m)

Basic Plan : All Section , 6 Lane CR. Alternative 1: East Side , 6 Lane
0]
O
c
: g
Z | [ ]

Railway
River |
Park

CR. Alternative 2: East Side , 4 Lane, CR. Alternative 3: All Section, 6 Lane (Width Reduction)
Exclude intersection

\H N I

/L H g T 1

Figure 6.2.29 Outline of Cost Reduction Alternatives
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Table 6.2.13 Cost Breakdown of Cost Reduction Alternatives

Summary Scope of Work Estimated Cost (million yen)
All six lanes between the Bridge Length: 115m River Improvement: 100
cast intersection and the west | Bridge Width:  25.70m Bridge: 2,540
£ | intersection will be Lane Width: 3.25m Road, Intersection: 520
2 | improved. Side Walk:  1.5mx2 Relocation utilities: 400
Z Earth Work Width:  24.50m | Others: 210
M Intersection: 2 Location Consultant Cost: 337
Contingency Cost: 185
Total 4,300
Six lanes between the east Bridge Length: 115m River Improvement: 100
o | intersection and bridge will Bridge Width:  25.70m Bridge: 2,540
% be improved Lane Width: 3.25m Road, Intersection: 210
g Side Walk:  1.5mx2 Relocation utilities: 300
2 Earth Work Width:  24.50m | Others: 180
< Intersection: 1 Location Consultant Cost: 292
6 (East Side) Contingency Cost: 160
Total 3,800
o | Four lanes for only bridge Bridge Length: 115m River Improvement: 100
v | will be improved Bridge Width:  19.20m Bridge: 2,000
b= Lane Width: 3.25m Road, Intersection: 80
g Side Walk:  1.5mx2 Relocation utilities: 300
5 Earth Work Width: ~ 18.00m | Others: 180
< Intersection:  --—- Consultant Cost: 236
% Contingency Cost: 130
Total 3,100
| All'six lanes with reduced Bridge Length: 115m River Improvement: 100
v | road width between the east | Bridge Width:  22.20m Bridge: 2,370
'S | intersection and the west Lane Width:  3.00m Road, Intersection: 470
QE) intersection will be Side Walk:  1.5mx1 Relocation utilities: 400
= improved. Earth Work Width:  21.00m Others: 210
; Intersection: 2 Location Consultant Cost: 315
% Contingency Cost: 174
Total 4,100

6.2.4 Project Evaluation
(1) Necessity of the Project

Floods in the Ambouli River, which divides Djibouti City into east and west, have occurred
repeatedly every year and have had a great impact on the lives of citizens and economic activities. The
development of roads that are flood-resistant is an urgent and important subject for Djibouti. In
particular, the Palmeraie Road is the most heavily trafficked road crossing the Ambouli River and is an
important route. In addition, it would be critical for Djibouti if large trucks used for logistics could not
pass through, so immediate countermeasures are required. The validity of implementing this project as
Japan's grant aid is evaluated from the following two points.

Securing highly reliable logistics functions

In the Horn of Africa region, Ethiopia has become the economic center of the region. However,
Ethiopia is a landlocked country, and any maritime trade with the world requires passage through
another country.

Ethiopia's relationship with Eritrea is poor, and the country is rarely used as a gateway for cargo to
and from Ethiopia. Somalia, on the other hand, is not being used as a gateway for cargo to and from
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Ethiopia because of the lack of security and the resulting slow infrastructure development. Therefore,
most of the cargo going to Ethiopia and exported from Ethiopia uses Djibouti as a gateway'.

There is no industry in Djibouti, and the main industry is the port and logistics industry.Djibouti's GDP
per capita is $3,310 (World Bank, 2019), compared to less than $1,000 per capita in Eritrea and Ethiopia.
Logistics between Djibouti and Ethiopia is via the Port of Djibouti on the east bank of the Ambouli River -
Palmeraie Road - Port of Doraleh - National Route 1 (see Figure 6.2.29). As shown in Table 6.2.14, the total
volume of freight vehicle traffic on the Palmeraie Road is 1,565 trucks/day and 1,000 trailers/day
(corresponding to point Ne 2), and compared to other points on the goods flow line (Ne 7 and 8), the total
volume of freight vehicle traffic is the highest.

Table 6.2.14 Results of Traffic Volume Survey on Logistics Main Road

Traffic Volume by Vehicle Type
Ne Survey Site Survey Motor- Truck +
- Duration . Car Public Truck Trailer Total .
bike Trailer
2 Palmeraie 24hr 3,502 17,436 8,047 1,565 1,000 31,550 2,565
7 RN1-PK20 14hr 58 1,412 997 683 1,820 4,970 2,503
8 RN1-PK24 24hr 31 999 239 283 2,122 3,674 2,405

Note: Survey date No2: May 19 2021, Ne7, 8: May 20 2021

In addition, upstream of the Palmeraie Road, there is the Italy Bridge, which was built in 1980, but since
its damage was discovered in 2017, the passage of large cargo vehicles has been restricted, and cargo
vehicles from the Port of Djibouti, located in the eastern urban area, must pass through the Palmeraie Road.
In addition, there are only three roads crossing the Ambouli River, including the Palmeraie Road, and the
only one that is barely passable even during floods is the Italian Bridge. It is impossible for the Italian bridge
alone to handle all the automobile traffic, which is nearly 60,000 vehicles per day in cross-sectional traffic
volume, resulting in a citywide traffic congestion. As described above, the development of the Palmeraie
road is extremely important to secure a reliable logistics function.

GesannTreay
v o*

=
B zzan
=
=

Khor
Ambado

e - .0‘
X ..'f Doraleh Porty
:

- Central
. Business District
; (CBD)

Main logistics Route

To Damerdjog
] 1 2 Sem > L3
T — scora ———  To Ethiopia o e

Source: Prepared by the survey team based on SDAU

Figure 6.2.30 Logistics Lines and Traffic Survey Points in Djibouti City

1 About 80% of the import cargo at the Port of Djibouti is destined for Ethiopia. In addition, exports from
Ethiopia have been increasing in recent years, rising to about 30% of total volume (refer to Chapter 3).
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Strengthen Connectivity between East and West Urban Areas

There have been seven major natural disasters in the Ambouli River basin in the past, from 1989 to
the present. In particular, in recent years, floods have occurred three years in a row, which is assumed
to be related to climate change. The duration of floods ranges from one to five days, during which time
it is difficult to cross the Ambouli River. Since major urban functions are concentrated on the east side
of the Ambouli River and many citizens usually cross the river to commute to work or school, economic
activities and the lives of citizens will be significantly affected. In addition, the transportation sharing
ratio in Djibouti is 20% for public transportation, 50% for walking, 3% for private cars, and the rest for
cabs and corporate buses (World Bank survey). In other words, excluding walking, more than 90% of
the total population uses some form of public transportation, including buses, which shows the
importance of public transportation in Djibouti. Most of the bus routes connect the east and west sides
of the Ambouli River, with the Palmeraie Road and the Italian Bridge being the routes (World Bank
survey results). Based on the results of the traffic survey conducted this study, the number of people
using public transportation on the Palmeraies Road and the Italian Bridge crossing the Ambouli River
was estimated to exceed 100,000 per day for both Palmeraie Road and the Italian Bridge, indicating
the importance of both roads as bus routes. This indicates the importance of both roads as bus routes.
In other words, the strengthening of the Palmeraie Road, which has the function of connecting the east
and west urban areas, is highly appropriate for the improvement of the roads in order to maintain a
smooth life of citizens.

(2) Estimation of the Amount of Economic Benefits and Economic Internal Rate of Return

The following benefits will accrue from widening the Palmeraie road to 6lanes and making it passable
even during floods

a) Eliminate time loss due to the closure of the Palmeraie Road during floods (Palmeraie Road,
Italy Bridge)
If the Palmeraie Road becomes impassable, the Italy Bridge upstream is the only alternative.
The time loss of detouring to the Italy Bridge and the time loss of congestion on the Italy Bridge
due to this detour will be calculated as a benefit.

b) Benefits associated with reduced travel time due to 6-lane widening on Palmeraie Road and
intersection improvement
The improvements of the Palmeraie Road and the eastern intersection will increase the travel
speed and shorten the travel time. In addition, the improvement of the Palmeraie Road will
reduce the traffic load on the parallel Italy Bridge, and the time required to pass through the Italy
Bridge will also be reduced.

¢) Eliminating economic losses in the logistics industry due to the closure of the Palmeraie Road
during floods
As the Port of Djibouti functions as the only port for Ethiopia's import and export, Djibouti's
logistics-related industry is established. And the foreign currency it earns contributes to raising
GDP of Djibouti. The Palmeraie Road is located at the center of the Djibouti-Ethiopia logistics
corridor, and the impact of the closure of the Palmeraie Road on Djibouti's logistics industry is
calculated as a benefit.

The preconditions and results for the calculation of the benefits of the above3 points are shown
below.

Time loss due to road closure

Assumptions for the calculation:
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e National income per capita: 3,594 US$? (as of 2021)

e Labor share:0.7 (set value)

e Employment rate: 43.0% (% of total population, as of 2019, UNDP)

e Average income per worker (yen): 3,594 x 111.364 yen® x 0.7 / 0.43 / 260 days = 2,506 yen/day

e Number of people passing through Palmeraie Road: 126,000 people? (as of 2021, excluding cargo
vehicles)

e Number of people passing through the Italy Bridge: 105,000 people (as of 2021, excluding freight
vehicles)

e Number of days closed per year: 3.3 days’

e Lost time due to road closure: 2 hours for Palmeraie Road, 1 hour for Italy Bridge)

e Percentage of the population contributing to economic activity: 35 %.

Result of calculation of benefit amount:

e 2,506 yen x (126,000 x 2/8 +105,000 x 1/8) x 3.3 days x 260/365 x 0.35 = 92,007,000 yen

Time-saving benefits from the Palmeraie Road improvement

Assumptions for the calculation:

Time evaluation value: 2,506 yen / 8 hour = 313 yen / person / hour

Reduction in time (peak hour) due to Palmeraie Road improvement: 2.0 minutes (road section:
1.0 minute, intersection: 1.0 minute)

Reduction in travel time on the Italy Bridge due to the Palmeraie Road improvement (peak hours):
1.0 minute

Peak hour traffic ratio: 30% of current level (as of 2021) to be increased annually in proportion
to the growth in traffic volume (4.02%)°

e Percentage of the population contributing to economic activity: 35 %.

Result of calculation of benefit amount:

e 313 yen x (126,000 x 2/60 +105,000 x 1/60) x 260 day x 0.35 x 0.3 = 50,842,000 yen

Economic loss in the logistics industry

Assumptions for the calculation:

e Djibouti Corridor (Djibouti - Addis Ababa) transportation cost’: (export) 160,000 ETB / vehicle
(= 372,800 yen/vehicle) for export 210,700 yen/vehicle for import.

e Number?® of days required: 8.00 days (192hours), for export(import) 3.96 days (95hours) for
import.

2 Based 