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IDAI (2019) 944 hPa
ELINE (2000) 930 hPa The lowest center pressure from 1951
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Yearly Maximum Daily Precipitation
Items
(mm/day)
Method of Rainfall Probability
Gumbel Sqrt-Et GEV
Analysis
Number of Sample 20 20 20
Maximum of Daily
S 279.6 279.6 279.6
Precipitation
Rain Probability 2-yr 157.8 155.6 159.4
3-yr 179.1 176.5 181.0
5-yr 202.9 201.2 204.4
10-yr 232.8 234.4 232.6
20-yr 261.4 268.3 258.7
30-yr 277.9 288.7 273.2
50-yr 298.5 315.3 290.9
80-yr 317.3 340.6 306.6
100-yr 326.3 352.8 313.9
150-yr 3425 375.6 327.0
200-yr 354.0 392.2 336.1
JICA
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Ty mm/hr  R,, 24 mm t
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Rainfall Intensity by Estimation Formula (Dairy Precipitation:232.8mm/day)
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Inland Inundation Analysis Drainage Design
Japan Maximum Rainfall in the Target Area 5-yr to 10-yr
Large Rainfall in Other Near Areas
Target Rainfall of River Flood Hazard
Map
Other Reference: River Flood Hazard Map 15-yr in Philippines
Countries | 50-yr or 100-yr in Philippines 5-yr in United Kingdom
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Hyetograph under Cyclone Desmond
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1
2
2-8 Nautical
Chart INAHINA 2-9
2-32 1/3
2-8
Items Settings Comments
Cyclone track ECMWF data/Best Track
Central Pressure ECMWEF data/Best Track
Wind data ECMWEF data/Myers method
Bathymetry GEBCO 30sec Offshore
Nautical chart (Beira port) Near shore
Tide Case 1: MSL+1.3m At IDAI
Case 2: MSL+3.6m At Spring High Tide
JICA
2-9
Domain Domain Size Mesh Size
1 1,264kmx666km Ax=2,430m
2 314kmx331km Ax=810m
3 102kmx=84km Ax=270m
4 43kmx37km Ax=90m
JICA
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ECMWF
967hPa
ECMWF 2-33
1.8m

2400.00]min] from 13 March, 2019, S:004M
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Case Cyclone Tide Rainfall
. During IDAI
1-1 During IDAI
5 (MSL+1.3m) (220m_m/ day)
1-3 IDAI i During IDAI
(967hPa@Beira) (220mm/day)
2-1 Spring High Tide 8;&?‘%'/5:‘;
5 (MSL+3.6m) eay
3-1 Spring High Tide Duzlzr;goralrin%\:lo)ND
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Maximum Storm Maximum Astronomical Maximum Water
Case .
Surge Tide Level
i:; MSL+1.3m MSL+3.1 m
51 1.8m
52 MSL+5.4 m
31 MSL+3.6 m
3 34m MSL+7.1m
JICA
8 2-40 2-43
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Case | Cyclone Tide Rainfall Inundation
1-1 During IDAI
During 0.5m
10 IDAI ]
1-3 - During IDAI 0.5m 05 1m
IDAI
2-1 During IDAI 05m 2m
High
Tide
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31 DESMOND
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Case 1-1 Cyclone IDAI, Tide: During IDAI, With Rainfall

- b e \ I

~ 0.2-0.5m
| 05-1.0m
| 10-2.0m
; W 20-50m _

. >0- A _\ 6

Case 1-2 Cyclone

IDAI, Tide: During IDAI, Without Rainfall

L = et

| Depth (m) ‘

~ 0.2-0.5m
| 05-1.0m
4 1.0-2.0m
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|l s0-

JICA

2-40 case 1l

2-39



Case 2-1 Cyclone IDAI, Tide: Spring High Tide, With Rainfall

Depth (m)
0.2-0.5m
0.5-1.0m
1.0-2.0m

B 20-50m

Bso-

Case 2-2 Cyclone IDAI, Tide: Spring High Tide, Without Rainfall

Depth (m)
0.2-0.5m
0.5-1.0m
1.0-2.0m

B 20-50m

Bso-
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Case 3-1 Cyclone ELINE, Tide: Spring High Tide, With Rainfall

Depth (m)
0.2-0.5m
0.5-1.0m
1.0-2.0m
B 20-50m

Bso-

Case 3-2 Cyclone ELINE, Tide: Spring High Tide, Without Rainfall

Depth (m)
0.2-0.5m
0.5-1.0m
1.0-2.0m
B 20-50m

Bso-
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243

2020 2 12 1 JCC
INGD CENOE
RVO 1
2-13
Cvclone Return Period: Return Period:
y Cyclone (Center Pressure) Rainfall
IDAI (2019) 967hPa 25 yrs. 220mm/day 10 yrs.
ELINE (2000) 930hPa 50 yrs. (Not Beira)

DESMOND (2019) 1000hPa 2 yrs. 280mm/day 30 yrs.
Hazard Maximum Maximum Maximum Return
Storm Surge | Astronomical Tide | Water Level Period
IDAI 1.8 m MSL+1.3 m MSL+3.1m <1lyr

IDAI + Spring High Tide 1.8 m MSL+3.6 m MSL+5.4 m | 200-300 yrs.
ELINE + Spring High Tide 34m MSL+3.6 m MSL+7.1m | > 1000 yrs.
Reference: Previous study by RVO MSL+6 m 1000 yrs.
JICA
8 CENOE
2020 11 2 JCC
Case 1 10
Case 3 -

1 Case 2:
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Case Cyclone Tide Rainfall Return Period
1-1 During IDAI 8;52%55@; lyr.
12 (MSL+1.3m) - Tyr.
IDAI During IDAI
13 | (967hPa) - (220mm/day) 10yrs.
2-1 Spring High Tide During DA 200 — 300 yrs.
(MSL+3.6m) (220mm/day)
2-2 ' - 200 — 300 yrs.
During
3-1 Spring High Tide DESMOND More than 1000 yrs.
3-2 ELINE (VsLrs.om (280m_m/daY) More than 1000 yrs
(930hPa) : YIS
During
3-3 - DESMOND 30 yrs.
(280mm/day)
JICA
C/P 2020
11 2 Jcc
2.5
2020 11
INGD CENOE
251
2021 5 2-44
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2021 11 2

20

CENOE conference room

CENOE
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Coastal Protection

Coastal Protection

2020 F/S 1
2022 1
2023 2026
Coastal Protection F/S
Coastal Protection JICA

Coastal Protection
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2.7

2-17

Objectives

To understand the contents and methods of digital mapping, hazard analysis,

and hazard map

To expand the target area of hazard map based on the method for Beira

Contents of R

efence Material

Chapter 1 | Outline of Hazard Map Procedure 1st Technical Training

Chapter 2 | GIS/Digital Mapping 1st Technical Training

Chapter 3 | Damage situation analysis from flood marks (Storm | 2nd Technical Training
Surge/ Flooding from river and urban flood)

Chapter 4 | Hazard Analysis: Storm Surge/ Flood 2nd Technical Training

Chapter 5 | Hazard Map Formulation: Storm Surge/ Flood 2nd Technical Training

Chapter 6 | Utilization of Hazard Map/ Evacuation plan 2nd Technical Training

2-51
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BMRRP

3-1

BMRRP
wB/

CMB, AIAS,
WB, Invest]

International (
RVO)

AIAS CMB

BMRRP

CMB
MOPHRH

AfDB

International (

RVO)

wB/

wB
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JICA
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3-2

32

Beira
Municipality
AIAS, WB,
RVO

WB

2026

Beira
Municipality
AIAS, WB,
RVO

WB

2026 2

Beira
Municipality

AfDB

ATfDB

Zambezia
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3.3 BMRRP
3.3.1
1 BMRRP
BMRRP Volume2
a)

BMRRP

JICA

S |

CrANDE HOTEL

metiL
& whEnvan

Aty

Dune

Figure C.23: Redesigned coastal protection scheme with higher and wider dune area and reinforced

groynes (Source: [Consulmar, 2012])

3-1

3-3

BMRRP Volume2 Annex C



b)

BMRRP
Dune Dune
BMRRP RVO
3.3.2
1 BMRRP

BMRRP Volume2
a)

BMRRP

BMRRP Volume2 page95 and page100
3-2
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b)

BMRRP

BMRRP

C/P

AIAS

BMRRP

Detail Plan

3-5

RVO

RVO



3.3.3

1 BMRRP 2
3.6
1 BMRRP
BMRRP 1 2
3 3
1

a)

Casc de Ruas com
Impacto directo
BMRRP

Caso de Ruas com
Impacto indirecto

b) Impacto Directo: Av Sansao Mutemba, Rua Joao Machado.

BMRRP Volume2 pagel59
3-3 BMRRP
2.1

3.6

Scoping study at pre-feasibility level for Beira’ s long
term coastal protection and flood preparedness .Final Report

September 2018 page43
3-4

3-6



BMRRP

b)

3.4

3.6.3

2600

b)

2035

331 2
2500
3.6.2
FS

Stretch 4: Macuti lighthouse - Rio Maria

3-7

3-5

2035



b)

3.6

3.4
34.1
3-6
\Data Collection of Existing Plan and Related Information \
!
\Setting Target Level of Storm Surge Countermeasure \
!
|Setting Target Area of Storm Surge Countermeasure |
!
\Basic Structure of Storm Surge Countermeasure |
!
\Strategy of Implementation
!
|Rough Estimation of Storm Surge Countermeasure
JICA
3-6
3.4.2

Coastal Protection Project

(CPP) preparation studies for Beira Mozambique

CPP 4

3-8



Stretch 1: Port of Beira - Rio Chiveve outlet
Stretch 2: Rio Chiveve outlet - Ponta Gea
Stretch 3: Ponta Gea - Macuti lighthouse
Stretch 4: Macuti lighthouse - Rio Maria

Proposed
retention basins

Proposed new

: o\ o) : P outlet at Rio Maria
Port access > f . 7

channel

Dune ridge with City Center and

(3)—groins
higher income residential areas

(2) Coastal stretch Las Palmeiras outlet

Fiaure 2-1: Beira proiect area with 4 distinauished coastal stretches
Coastal Protection Project Beira feasibility report 05 Nov 2021
3-7 CPP

Stretch 3 3-8 CPP

iy . . s
i S g B a0
- (R S

- v ‘%H‘&A{ — pp—
T
NPT
wa | = L s - -
- ccman
A - — 3
o el o
N T PSS
- o~ "n"‘-n‘lrt;n,.rm
oy
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Figure 6-5: Typical cross-sections of the dune design. Top figure: east, bottom figure: west and central

Coastal Protection Project Beira feasibility report 05 Nov 2021
3-8 Stretch 3

CPP Streachl 4 4 10
CPP 39
1 4 6 5 7 10

CPP



Figure 1: Overview of proposed package of site-specific structural measures for the Beira coastal protection program

Coastal Protection Project Beira feasibility report 05 Nov 2021
3-9

3.4.3

CPP 50
50
3-3

3-3

Table 2-1: Hydraulic conditions for 1.50 per year design event

s
w

Water level

4. 4. 4. 4. 4.
sy 3 5 5 5 5
Heod, max (M)* NA 12 20 22 25 31 32
T, mex (S) NA 11 115 119 124 127 128
hme (MSL+m)* 43 45 45 45 45 45 45
::::’5'9" WELS SO e | R4s 45 45 45 0 0
Hmomax (M) +10% N/A 13 23 25 27 34 35
Tomax(S)+10%  N/A 122 126 134 136 14.0 14.0

* Please note that the presented Hug, N and T; ns have been determined independently (without any correlation). This is a
conservative choice. In reality the maximum h, Hpo and T, will not occur at the same time.

** For more inland design alternative only depth limited waves can occur. The wave height in that case can be calculated using the
design condition for the local water depth and multiplied by a breaker parameter of 0.55 for imegular waves (Source: (The Rock
Manual, 2007)).

*** For this stretch no waves apply since all altematives are located inland where waves have no influence.

Coastal Protection Project Beira feasibility report 05 Nov 2021
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2020 2070

Maximum water depth for return period of 050 years

7813 7813 I icod map
Impact raised ) scenario raised port 18
; : ; | W -
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J 16 E
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148
7810 ¢ 7at0 3
= . B 12E
& 7800 T LTS
2 7808 | o8 =
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7805 £
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=
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o 7803
0

692 694 626 698 700 702

692 654 696 646 o0 [l FS

CPP Beira Mozambique Broad Stakeholder Consultation meeting #3, 8th of September 2021
3-1050 2020 2070

3.4.4

A. Inundation from Praia Nova
B. Inundation from Westside: Wetland
C. Inundation from Eastside: River

Depth [m)
02-0.5m
05-1.0m
1.0- 2.0m
2.0-50m
50

JICA
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CPP
CPP 50

200 300
B CPP 2

1) Port Access Road with the function of coastal protection (see Road section)

2) Seawalls to connect between the port and access road

Layout of Countermeasures

JICA
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1)
2)
1000
500_500_
W *550MSL_ _ 45,40 Target MSL
z
.~ Reinforced Concrete
g
- 8
& Backii
(Excavated mmm‘u -
PINT RSP § YIRS
[=]
2
8
JICA
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3.4.6

Case 1: Coastal Protection Project (CPP) Study of AIAS funded by WB and ROV

Case 2: Future Development Plan Case 1 + port access road and connections

i. Cyclone level: Cyclone IDAI : Lowest Center Pressure 944 hPa
ii. Tide: Spring High Tide : MSL+3.6m at Maximum
iii. Storm Surge: induced by Cyclone IDAI : MSL+5.4m at Maximum
iv. Rainfall: induced by Cyclone IDAI : 220mm/day (March 14, 2019)
Casel 2 3-14 Casel Case2
Casel CPP
Case2

3-14



Casel

Hazard Map

] 'miﬁrht{m inundation depth: 0.2m

Reduced Depth
. < -10m
=100 - ~0.50m

Reduced Depth
B <-10m
10 ~1.00 - ~0.50m
050 - ~0.10m
00 - 0.0m
[ 0.10 - 0.50m
1 050 - 1.00m
W 1.00m <

3-14 Casel Case2

JICA
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3.4.7

CPP

3-16

3.6km USD 5 Million
34
Coastal Protection
1000 _
_500__500_
i : v SSOMSL . 4540 Target MSL
|~ Reinforced Concrete
g
- g
& Backhil
(Excavaled Materials)
— - } R 7 +4.00
& % 2
~ sl AN &
& et
350300, 1400 ' _300350
Gravel Bedding
10~30kg
Rate Amount
Pay Item Spec. Quantity | Unit Remark
(Us$) (US$/m)
1 Excavation 1.65 m3/m 3.30 5.43
2 Crushed Stone 10~30kg 0.28 m3/m 22.00 6.16
3 Crushed Stone Levelling t=20cm 1.40 m2/m 5.50 7.70
4 Rebar for Reinforced Concrete Block Grade 60 0.12 ton/m 1,375.00 165.00
5 Formwork for Reinforced Concrete Block 431 m2/m 35.20 151.77
& Concrete for Reinforced Concrete Block C30 1.50 m3/m 187.00 280.50
7 Construction Joint 0.15 m2/m 18.57 2.79
8 Backfilling Excavated Materials 0.90 m3/m 5.50 4.93
Subtotal (/m) uss 624.27
Length m 3,600.00
Cost Direct Cost Million US$ 2.25
In-Direct Cost 100 % Million USS 2.25
Subtotal Million USS 4.49
Consultant fee 10 % Million USS 0.45
Total Cost Million USS 4,95
JICA




3.5

3.5.1

3-15 wB

AIAS CMB JICA
wB
3-15

Proposed
retention basins

"y Existing &:ainag
. System '

T

Proposed new

Port access outlet at Rio Maria

channel

Dune ridge with City Center and

(3) —groins g : : :
higher income residential areas

(1) Coastal stretch Las Palmeiras outlet

CPP Beira Mozambique Broad Stakeholder Consultation meeting #3, September 2021.

3-15 WB
3.5.2
3-15
CMB 3 Muave Mangalo Forte Inhamizua
3-16
CMB
Inhamizua 2022 3 Detail Plan
Manga-Laforte Detail Plan
2022 3

Muave WB
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10.50221 502.21 MZN (2022 5 )
m JPY MZN

m3 4,000 70 280,000 3,640,000,000 1,828,044,400,000
m 5,000 13 66,500 864,500,000 434,160,545,000
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CHAPTER1Reference Material of Storm Surge Planning

11
1.2
13
14
15
1.6
1.7

Outline of the Reference Material

Data Collection of Existing Plan and Related Information
Setting Target Level of Storm Surge Countermeasure
Setting Target Area of Storm Surge Countermeasure
Basic Structure of Storm Surge Countermeasure
Strategy of Implementation

Rough Estimation of Storm Surge Countermeasure

CHAPTERZ2Reference Material of Road Planning

2.1

2.2
231
2.3.2
2.2.3
224
2.2.5

2.3
231
2.3.2

Outline of the Reference Material
Disaster Risk and Measures for Residential Road
Storm surge
Strong wind
Pavement damages caused by heavy vehicles to remove fallen trees
Additional Proposal 1. Guidance for Evacuation Route
Additional Proposal 2: Guidance for Evacuation Route: Removal of Electric
Pole
Arterial Road Plan Considering the Disaster
Redundancy

Resistant Structure for Disaster
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