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Chapter 1. Introduction
1.1 Introduction

Fiji is located in disaster prone area due to its geographical, geological and demographic conditions.
Flood occurs almost every year due to cyclone and front. There is also a risk of tsunami due to earth-
quake frequently occurring in the surrounding ocean. In addition to these hazards, vulnerabilities
brought about by living in small, reclusive and remote island countries increase the disaster risk in Fiji.
According to the World Risk Index 2018 released by UN University, Fiji is the 10th high-risk country
among 171 countries in the world.

Fiji has a certain level of capacity for disaster response based on its experience with past disasters by
coordinating related agencies from national to local levels. Furthermore, some efforts have been taken
already for mainstreaming DRR and promoting the pre-investment for DRR by developing the “Fiji
National Disaster Risk Reduction Plan (NDRRP) 2018-2019” based on international framework such
as the Sendai Framework.

However, there are several challenges in the institutional framework for the development of national
and local DRR plans, and for the implementation of DRR projects, in the hazard assessment, etc.

Based on this situation, the followings from the “Sendai Framework for Disaster Risk Reduction /
SFDRR” are very important in Fiji.

1) Understanding disaster risk
2) Strengthening disaster risk governance to manage disaster risk
3) Investing in disaster risk reduction for resilience

4) Enhancing disaster preparedness for effective response, and to “Build Back Better” in recovery,
rehabilitation and reconstruction

As mentioned above, it is necessary to clarify the flood hazards in order to understand the actual situ-
ation of the disasters and to implement appropriate measures against floods that are causing great
damage.



1.2 Outbreak Mechanism of Floods

Flood is mainly classified as “River flood (fluvial)” and “Surface flood (pluvial)”. Outbreak mecha-
nism of each type of flood is illustrated in Figure 1 below.
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Figure 1-1 Schematic diagram of outbreak mechanism of flood



1.3 Risk Reduction through Countermeasures

There are various measures against floods, one is how to improve the river itself, and the other is to
implement measures across the basin.

1.3.1 Measures to prevent floods

The following measures will be taken to ensure that the flood can flow safely.

» Increase the flood flow cross section
» Embankment construction to make flood run down safely

»  Construction of a flood control facility to temporarily store floods and reduce flow to rivers
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1.3.2 River Basin Disaster Resilience and Sustainability by All

Combination of flood control measures should be examined considering the basin and flood charac-
teristics. Comprehensive flood DRR measures in the basin can be called “River Basin Disaster Resil-
ience and Sustainability by All”, and it consists of 3 components, 1) flood prevention, 2) exposure
reduction, and 3) disaster resilience (refer to Figure 1-2).

Flood prevention / River measures can be one of the major structural measures / one of the first steps
to mitigate the flood damage directly, especially for the priority protection / designated area, even
though the “River Basin Disaster Resilience and Sustainability by All” should be considered. In addi-
tion to river measures such as widening / excavating of rivers and retarding basins, river basin
measures such as rainwater runoff control by rainwater storage and infiltration facilities and so on will
be taken as the flood prevention actions (refer to Figure 1-2 and Figure 1-3).
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Figure 1-2 Image of River Basin Disaster Resilience and Sustainability by All
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Figure 1-3 Examples of flood control measures in Japan



1.4 Methodology of Flood Hazard Assessment

There are many hazard / risk assessment methods for each type of disaster, from simplified methods
based on past disaster records to advanced methods based on simulations (refer to Figure 1-4 and
Figure 1-6). Detailed characteristics of each methods are also explained in the appendix, “Study on
Simplified Hazard / Risk Assessment Methods”.

The purpose of the project is to promote disaster prevention projects to reduce disaster risk and to
formulate local disaster prevention plans, so a method that can express the disaster risk reduction
(DRR) quantitatively through implementation of countermeasures will be determined. On the other
hand, it is preferable that the simplified method will be applied for Fiji considering the current C/Ps’
experiences and capabilities regarding disaster hazard / risk assessment since the methods based on
advanced simulation requires a lot of efforts and expertise and it is not realistic at the earlier stage of
implementation of hazard / risk assessment.

There are various definitions of disaster risk, such as the disaster risk is determined by the “interaction
of hazards, vulnerabilities, and exposures”, but disaster hazard / risk assessments in the project is de-
fined as follows.

Disaster Hazard Assessment : Assessment of potentially harmful natural phenomena that may cause
damage to human life, assets, society, economy, etc.

Disaster Risk Assessment : Assessment of damage to human life, assets, etc. that disaster hazards
can cause
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Figure 1-4 Image of Stepwise Hazard Assessment (in case of flood)

Regardless of location, flood hazards are assessed through conducting simulations and calculated by
using analytical models and software such as the RRI (Rainfall-Runoff-Inundation) model, the HEC-
RAS (U.S. Hydrologic Engineering Center's River Analysis System), MIKE11 and so on. Basically,
analyses based on scientific evidence are implemented by using information including hydrometeor-
ology, hydrography and geography.

The fundamental ideas behind hazard assessment methods in any disaster are common: hazards will
be assessed based on flood strength of the disaster, which entities will suffer. Other factors such as
geographical characteristics, landform conditions, and land use are taken into consideration when con-
ducting these assessments. Generally, flood hazard is defined based on the combination of “event
probability” and “scale of damage” of river flood and surface flood. The “scale of damage” is deter-
mined by flood strength (hazard).



As for the flood hazard / risk maps, it is recommended to prepare them based on the simulations if
appropriate data is available. If not, the historical information of inundation and the geographical char-
acteristics could be substituted for the simulation data for estimating the projected inundation areas.

The first step in conducting a hazard assessment for river floods is to collect and arrange data on
characteristics of river basins, meteorological and hydrological data, and other relevant information,
such as the condition of maintenance of flood management facilities. The data is used to set rainfall
scales and other external forces. This data is then used to run inundation simulations that provide
runoff calculations, river hydraulic analyses, and inundation analyses. The hazard assessments provide
an estimation of direct and indirect damages based on identified hazards (inundation areas, depth,
duration, and arrival times).

As mention above, simplified analytical method, the RRI (Rainfall-Runoff-Inunda-

tion) model, to assess a flood hazard will be used in this project considering the current C/Ps’
experiences and capabilities. Detailed procedure of developing the RRI model and utilizing the
analytical result is explained hereafter.

The RRI model (and its manual) can be downloaded freely from the below URL.

https://www.pwri.go.jp/icharm/research/rri/rri_top.html

1D Diffusion in River and Interaction with Land RRI Model

Subsurface + Surface / Features

1) RRIis a 2D model sim-
ulating for rainfall-run-
off and flood inundation
simultaneously.

2) It simulates flows on
land and in river and
their interactions at a
river basin scale.

3) It simulates lateral sub-
surface flow in moun-
tainous areas and infil-
tration in flat areas.

Figure 1-5 Schematic diagram of RRI model
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1.5 Preliminary Flood Hazard / Risk Assessment

Preliminary flood hazard and risk assessments can be conducted using the free data, such as the “Global
Flood Map (GFM)”, and the official statistical data, such as the census data. Priority areas to examine
prior DRR investment can be selected based on the preliminary flood hazard and risk assessments.

The GFM  (https://www.wri.org/data/aqueduct-floods-hazard-maps) and its methodology
(https://files.wri.org/d8/s3fs-public/aqueduct-floods-methodology.pdf) are available on the website.
Figure 1-7 shows the inundation area in the Viti Levu Island by the 1-in-50 year flood. This will be
considered as a preliminary flood hazardous area. Flood hazardous area might be segmented geograph-
ically or by area or by town (refer to Figure 1-7) for the following preliminary flood risk assessment.

Colored part: Inundation area (GFM, 1-in-50 year Flood)
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Figure 1-7 Global Flood Map (GFM, 1-in-50 year Flood)

Fundamental exposure / vulnerability data (spatial data) are overlapped on the flood hazardous area.
This information will be considered as flood risks. Fundamental exposure / vulnerability data, such as
distribution of population, household, businesses and lifelines and so on (refer to the following items)
can be used as risk indicators. Most of the fundamental exposure / vulnerability data are collected from
the Bureau of Statistics in this Project.

Population, households
Business

Health social welfare facility
Hotels

Schools

Lifeline (power, gas, water etc.)
Emergency Operation Base
Farm



As for the preliminary flood risk assessment, simply counting the fundamental exposure / vulnerability
data in the flood hazardous area. “Attribute search” and “Spatial search” of the ArcGIS shall be used to
select / highlight the spatially distributed exposure / vulnerability data. Figure 1-8 shows an example of
counting the household and population in the flood hazardous area in the “Ba & Neighboring” basins.
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Figure 1-8 Overlapped GFM and Household / Population data

Counted exposure / vulnerability data by basin / area / town are shown in Table 1-1. Here, “People
required support for evacuation” is defined as;

“Elderly people (above 55 years old or 60 years old)” + “Babies and infants (below 7 years old)” +
“Pregnant woman (here, one-fourth the population of 0 years old)” + “Disabled people (here, 4% the
population of below 55 years / 60 years old exclusive of babies, infants and pregnant woman”).

Table 1-1 Result of the Preliminary Flood Risk Assessment
(Household, Population and Business in the Flood Hazardous Areas)
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Below GIS data were used for the preliminary flood risk assessment in this project.

Population_Census_2017.shp

Fiji 2017 _EAs.shp

Fiji. BR 2018.shp

Historical Disaster Flood Inundation StormSurge.shp
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Chapter 2. Preparation of a Fundamental Data for the RRI model

A flowchart of development of the RRI model is as shown in Figure 2-1. There are 2 major steps for

development the RRI model, “Preparation of a fundamental data for the RRI model” and “Trial &
Error Calculation”.

Development of the RRI Model

ﬁrenaration of a fundamental data for the RRI model

Refer to Section Z'ILTopographic datﬂ { Riverdata ] L Rainfalldata JRefer to Section 2.2

| with Excel (csv file)

[ Digital Elevation Model [DEM] } River cross-section ] Or—tAvailable gauge-observed da
(width, depth, bank height)
[ Flow direction [dir] } OL—LFrequency / Probable rainfallw

Flow accumulation [acc] } Maximum recorded rainfall
with GIS-(ASClI-data)
Satellite data

\

Refer to Section 2.4 ¥ with RRI_BUILDER
/Trial & Error Calculation o =

I:

| ] If the result is not similar with the \

[Input in the RRI model and run the mode . .
actual inundation

Refer_to Section 2.5¥___ith RRI-VIEWER I

[Check the result / output of the RRI moda CEIGXEIO ) (RIS, S
as river parameters / river threshold

Refer to Section 2.6
lConvert the calculation result to an ASCIl data to overlay on the GIS]

L 4

Model Validation
Compare the result / output of the RRI model with the actual inundation records

I

|
\_ {Actual inundation area & depth} {Actual river water level (flood-term)}

/

Figure 2-1 Flowchart of development of the RRI model

Topographic data, such as DEM (digital elevation model), flow direction, flow accumulation and wa-
tershed / river catchment area, are the one of the essential data. Also, rainfall data is given as an extra
force in the model. If there are river data, such as river cross-sections to check the actual river width,
depth and bank elevation, it might be utilized to develop the river model (refer to Figure 2-2).

. River width : . River width

v
.

A

4

3

A

River depth
River depth

<
&

Figure 2-2 Diagram of a river cross-section
(left: Natural condition, right: with river banks)
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2.1

Elevation Data, Flow Direction / Accumulation and Watershed

DEM data is used to calculate a flow direction, flow accumulation and watershed. There are many
options of free DEM data, such as ASTER GDEM, HydroSHEDS, SRTM3 and the GTOPO30 as
mentioned below (refer to 2.1.1 4)). If you already have a DEM data, you can also use it.

How to download and prepare a DEM, flow direction / accumulation
and watershed using ASTER GDEM (section 2.1.1) and HydroSHEDS (sec-

tion 2.1.2) is explained hereafter. If you have some available DEM data, you can skip
some of the instructions below.

Major preparation steps are as shown below. The detailed instruction of each step is shown in the
following sections, especially “With ASTER GDEM?” and “With HydroSHEDS” (depending on the

data).

1)
2)

3)
4)

5)

6)

7)

8)

9)

10)

“Mosaic” [Merge the downloaded DEMs]

“Create a rectangle polygon to ‘Extract / Clip’ the above mosaic DEM”
[Rectangle polygon to cover all the area, Viti Levu Island / each river basin, including the river
mouths and alluvial fans based on the HydroSHEDS’ watersheds or any shape files]

“Extract / Clip by mask” [Extract “1) Mosaic DEM” by mask, “rectangle polygon”]

“Check a number of column and row and cell size” [Check the property of the
extracted / clipped DEM (Right click on the DEM > property > source tab, then “column and row”
and “cell size”) * In case the number of column or row exceeds 1,000, you need to “Aggregate”
since the limit of calculation grids of the RRI is 1,000 for both column and row. The grid size of
the ASTER GDEM is 1 arc-second (approximately 30m)]

“Aggregate” [Aggregate to make the number of column or row of the DEM to be less than
1,000. If you set the cell factor as “3”, above ASTER GDEM 1 arc-second will be 3 arc-second
(=approximately 90m), if you set the cell factor as “5”, it will be aggregated as 5 arc-second
(=approximately 150m). Aggregate method should be “Mean (average)”. *Be careful, default
setting of Aggregate method is set as “Sum”. Make sure to change it to “Mean”]
[In case of the QGIS, “right click on the DEM > Export”, then you can change a cell size]

“Kill” [Fill (“ArcHydro > Fill”) the above aggregated DEM]

[In case of the QGIS, “Click on Processing > Toolbox > SAGA > Terrain Analysis > prepro-
cessing > Fill Sinks™]

“Flow direction” [Make a Flow direction (“ArcHydro > Flow direction”) using the above
filled DEM]

“Flow accumulation” [Make a Flow accumulation (“ArcHydro > Flow accumulation”)
using the above filled DEM and flow direction]

“Watershed” [Make a Watershed (“ArcHydro > Watershed”) using the above “Flow point”
and “Flow direction”. You need to make a “Flow point (river mouth / river outlet point)” to run
the watershed process. Therefore, you make a new POINT shape file and plot the outlet point
with the “editor”. Its coordinate system must be same as the above raster data *Error due to dif-
ferent coordinate system sometimes occurs]

“Extract / Clip by the watershed” [Extract the above “Fill (DEM)”, “Flow direction”
and “Flow accumulation” by the above “Watershed”]

12



11) “Check a number of column and row and cell size again” [Check the property

of the extracted / clipped raster data once again to make sure the numbers of column and row do
not exceed 1,000]

12) “Convert, Raster to ASCII” [Convert above extracted raster data, “Fill (DEM)”, “Flow
direction” and “Flow accumulation” by the “Watershed”, to ASCII files (Conversion tool > Raster
to ASCII). Save the output ASCII files in the project folder of the RRI model. Name of the ASCII
files should be, “dem.txt” for Fill (DEM), “dir.txt” for Flow Direction and “acc.txt” for Flow
Accumulation]

IConsideration: DEM / Calculation Grid Size

Calculation grid size shall be set appropriately in order to reproduce the actual phenomenon con-
sidering gradient in the flood plain. Figure 2-3 shows the difference in the calculation results with
250 m-grid and 50 m-grid.

S B = N
X e
PR N\ an
-,

B <0.5 B <05 P T e
" M hreaeher
i< G A
0.5m - 0.5m-2.0m & e LT SN
T
M 2.0m<

H 2.0m< s B g

Al o 2

Calculatfon reéﬁlt with 250 m-g-rid in flatland _ Calculation re;s-ult with 50 m-grid in flatland ‘

H <0.5m : £ 90 H <0.5m i

0.5m - 2.0m 0.5m - 2.0m

B 20m< U, B 20m<

e e

Calculation result with 250 m-gﬁd in steep stream Calculation result with 50 m-grid in steep stream
Source: http://www.hrr.mlit.go.jp/river/gsiryo/

Figure 2-3 Comparison of the difference in the calculation results with 250 m and 50 m-grids

Finer grid size shall be applied in case that the flood plain is steep, since elevation difference among
adjacent grids will be higher if the grid size is wide. Advisable elevation difference among adjacent
grids is less than 50 cm.

nSOcm
250m

Figure 2-4 Schematic diagram of relation between grid size and elevation difference
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2.1.1 With ASTER GDEM
1) Free digital elevation model (DEM) data is available on the website below.
https://ssl.jspacesystems.or.jp/ersdac/GDEM/E/index.html

" .']fé' }

TER Global D lglt‘al Eley "ilon Model (GDEM)

STER%ER& ST —5

Overview Features Notes Information

Japanese

ASTER GDEM

Distribution web site is renewed.

Distribution of ASTER GDEM ver.3 is started.
ASTER Water Body Database (ASTWBD) is released.
Data policy change to Public Domain.

ASTER Global Digital Elevation Model (ASTER GDEM)
~ Easy-to-use topographic information of the global terrain~

The Ministry of Economy, Trade and Industry of Japan (METI) and the National Aeronautics and Space
Administration (NASA) are collaborating on a project to develop ASTER Global Digital Elevation Model (ASTER
GDEM), a DEM data which is acquired by a satellite-borne sensor "ASTER" to cover all the land on earth.

What's New

2020/03/25  About Out of Service of ASTE GDEM Distribution Site.
Because of moving the server room, the operation of ASTE GDEM Distribution Site is difficult.
Announcement about re-open will be noticed in the middle of April 2020. We are sorry about
inconvenience.

2019/08/06  Distribution of ASTER GDEM ver.3 is started.
ASTER Water Body Database (ASTWBD) is released.
Data policy change to Public Domain.
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2) You’ll find the world map as below. Then, zoom in on Fiji.

ASTER GDEM

ASTER Global Digital Elevation Model

: +| ™ x »
Map CLLICIUE LTI S8 ° " Arcasclect/Deselect 57 Enlarge Selection & Shrink Selection  [F] Display Tiles

button and move the cursor to
your download area.

2. Select the area by dragging
from the upper left to lower
right on the map.

Selected tiles in the area will be
highlighted in yellow.

3. Selected tiles can be

download using the

button.

Tiles for download 0
Cursor coordinate N43E030

@ world Map

3) Select/ highlight the target area. Then you can download the DEM data.

ASTER GDEM

ASTER Global Digital Elevation Model

Map Coordinate

Download_S19E177
Download_S18E177
Download_S19E178
Download_S18E178

: : Area Select / Deselect

Tiles for download 4

Cursor coordinate S20E177

' : Enlarge Selection

15

o ': Shrink Selection

»

Hide Tiles
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\g World Map
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4) Unzip the downloaded DEM data. DEM data has 2 types of data, “ASTGTM (Aster GDEM) and
ASTWBD (ASTER Water Body Database)”.

| M = | Download_S18E178 — ] X
h-bh | #E BT @
e ¥ gIYERY 1 T UNFA T - T a5 AT EE
» u p EUE x i B HLWFATL @ E¢ - HHIneER
il JSADTE- 1 va-rhyk~ S & 10 R
DAYTFIUR - YR w o o BESE Pk HB EED B Wt S T | e
Al [ ¥3—thy boBEY gl i) b EE 2B ERoyYER
HUvTH-K =B g 14 =R
1T > Download_S18E178 v | D O Download _S18E178Mi&%
£ ARl ExHeE ZEE H4X
s 91yh FPoER
e —— " &5 ASTGTMV003_S18E178.2ip 2019/07/23 2233 ZIP 7741 10,150 KB
. &5 ASTWBDVOD1_S18E178.2ip 2019/07/23 2233 ZIP 7741l 125 KB
¥ F9v0-F » )
G Download S18E178.1 2021/05/18 14:58 ZIP 7741l 10,274 KB
B ture 5 ASTGTMVO003_S18E178 2021/05/18 14:59 740 AT~
WRETTI.QR * ASTWBDVOO1 S18E178 2021/05/18 14:59 I74 ) AT~

Both ASTGTM and ASTWBD consist 2 files. Formats of both data are as follows. Basically, we
will use “ASTGTM.... dem.tif” data.

Format of ASTER DEM
File Name(Example of ¢ ASTGTMVO003_ N35E135_dem.tif ) ASTGTMV003_ N35E135_num.tif
e R DEM data QA plane data
135E 136E 135E 136E
36N N 36N N
W W
(o)) (o)}
o o
— —
T, o
X P
o ®
35N | 35N |
3601pixel - 3601pixel
Output format GeoTIFF, signed 16 bits GeoTIFF, unsigned 8 bits
Geogfaphlc Geographic latitude and longitude
coordinates
Tile Size 3601-by-3601 pixels (1-by-1 degree)
Posting interval 1 arc-second
1m/DN referenced to the WGS84/EGM96 .
: s i Stacking number or reference DEM
DN values geoid-9999 for void pixels, and 0 for sea p 2
(Refer to Table3 in User Guide)
g/vater body /
North 83 degrees to south 83 degrees, 22,912 tiles
Coverage

(1-by-1 degree) without tile shows ocean area

*The detail is described in User Guide.
*Here is the ASTWBD format.
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Outline of ASTWBD

* ASTWBD shows the water area and its elevation with the same area and format as GDEM.
* The water area are classified to sea, lake and river.

Format of ASTWBD
File Name(Example of ASTWBDV001_N35E135_dem.tif ASTWBDV001_N35E135_att.tif
N35~ 135~1
el Elevation of waterbody Classification of waterbody
135E 136E 135E 136E
36N 36N \
w w
D D
o o
= —
© S,
x x
(L ®
35N 35N !
3601pixel ~ 3601pixel
Output format GeoTIFF, signed 16 bits GeoTIFF, unsigned 8 bits
Geographic - .
coaTdinates Geographic latitude and longitude
Tile Size 3601-by-3601 pixels (1-by-1 degree)
Posting interval 1 arc-second
1m/DN referenced to the WGS84/EGM96
DN values geoid-9999 for land and void pixels, and 0 | Land:0, Sea:1, River:2, Lake:3
for sea water body
Coveriae North 83 degrees to south 83 degrees, 22,886 tiles
g (1-by-1 degree) without tile shows ocean area

*The detail is described in User Guide.

Even though there are some other free available DEM data, Aster GDEM is the latest and the
posting interval is finer than other free DEM data, such as SRTM3 and the GTOPO30. *The
DEM data might be updated. SRTM3 provides free 30m-posting-interval data as of 2022.

Comparison with other DEMs
10 m mesh
ASTER GDEM SRTM3" GTOPO30™ agial
elevation
data
Data From organizations 1:25,000
ASTER Space shuttle radar around the world that topographic
source
have DEM data map
Generation
and METI/NASA NASA/USGS USGS GSl
distribution
Release  |2009~ 2003 ~ 1996 ~ 2008~
year
Data
acquisition |2000 ~ ongoing 11 days (in 2000)
period
Posting 35m 90m 1000m about 10m
interval
DEM
accuracy |7~14m 10m 30m 5m
(stdev.)
DEM 83 degrees north ~ 83 degrees 60 degrees north ~ 56 Global Japan only
coverage [south degrees south
Area of Areas with no ASTER data due to |Topographically steep
missing constant cloud cover (supplied by |area (due to radar None None
data other DEM) characteristics)
in 2009

*SRTM3: Shuttle Radar Topography Mission Data at 3 Arc-Seconds
**GTOPO30: Global 30 Arc-Second Elevation Data Set
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5) Now, we will move to the GIS. Place the downloaded DEM data in your GIS folder. And add the
“....dem.tif” data in the ToC (Table of Contents) of the GIS.

@ vitiLevumxd - ArcMap = o X
TR REE 'RV TYIV-7B) BAN) BRE) IATOEIVIG) NAIRAXQ  DMIFIW)  ALT(H)
De8Es B % o o | b ([r280877 V] DR E @O 388 % g ¢ 20Analyst~ z & "
BRARMQ IR -0k e pel . ) ;BIOSE BB N | BRMB ISR B
Y B X ArcToolbox 2 x L P, Pl L L P 7. L P, 10 T, 12, 15, (4, ('S, |15, |7, (16|15 |[;#e0g B x 3
E!.Jvm ] @ ArcToolbox PR Y IE % | = <
5 S Layers @ @ 30 Analyst U-Jl B 8 ASTGTMV003 S18E178 demif miE
@ @ Data Interoperability Tools : =
@ NDMO 2 @G ticol At Took = B T~k - 056_I1IBE¥GIS NDMO =
@ O Infrastructures Affected by Flood = Costatzstical Arolyst Tools 8 B PotaSonc B
i urce
| @ @ Network Analyst Y-Jl o
@ O Province Skl i, . - - @ EJ ShpData ;
@ [] HOT-SPOT DENSITY = °:"";" b =] & B3 74-Aster GDEM b
@ [0 Districts N fescing Arlyst 9 ] “?E;""J (D)E““E" o 3 Download S18€177 =
@ O VitiLevu @ @ N-+7521 91y 2] | ESUDERONE RERS = £ ASTGTMVO003_S18E177 &
5 @ AsterGDEM o = Lo J 5 @ ASTGTMVO003_S18E177_dem.tif
= @ ASTGTMVo03 S18E177_demtif || 2 ® @ ASTGTMV003_S18E177num.tif (@)
P |e® R @ £ ASTWBDVOO1_S18E177 ¥
%:129 | @ @F-5ERY-I = © B Download_S18E178 =1
5 @ K-t 277Y97 v-I ol = £ ASTGTMV003_S18E178 =)
o o @ TWFFORTE 91 = Y |storvocs siseive e RS
o @ @ ASTGTMV003 S18E178num.tif |4y
= ] @ [ ASTWBDVOO1_S18E178
r =
E.. RIS A=V 9N 1 # EJ Download S196178
Nz 5 =l 2 @ § A-GDEM_Mosaic_Viti_Ume.tif
& | = -l ] ® ) AGDEM_Mosa Viti.tif
i ® ] @ 8 MosaicA-GDEM Viti.if
4 #  HotSpotDensity_FloodProneAreasVITILEVU.pr
% [J AGDEM_Mosa_Viti.tif = Q)] vitiLevu.mxd
@ [ ASTGTMV003_S18E177_dem.tif 1 =i} B
@ [ ASTGTMV003_S18E178 dem.tif || = @ E
@ 1 ASTGTMV003 S19E177_dem.tif || L1 5ers¥Q70135¥Desktop¥oo R F X RIS
@ [ ASTGTMV003 S19E178_dem.tif ] cyRis
w0 D:¥
] Dk 8 _20160607/(57 79T
e D:¥kt§5K_20160607/( 7 7 7¥38_F B _160¢
1 £ D:¥530-0651_JEF VT 1)l A E
|
| S

6) Viti Levu are consists of 4 dem.tif data, SI8E177 & 178, SI9E177 & 178. Therefore, now we
combine / merge them into one Raster data set. Search a command, “Mesaic to New Raster” on
the ArcGIS, then set the parameters as below. Pixel type can be “signed 32 bit”.

I., F#E IAF-|CEH 14 (Mosaic To New Raster) = O b4

AhF28- FAR—OTERIERE (47
| < @ EW)|

ENZ28- 7Sy OER
Foo AFELIILVESIE, S HER
FIEEREMERAINE T,

" NDMO¥AsterGDEM¥ASTGTMV002 S18E177_dem tif
NDMO¥AsterGDEM¥ASTGTMW002 S18E178_ demtif
NDMO¥AsterGDEM¥ASTGTMVOD3_S19E177 demtif
NDMO¥AsterGDEM¥ASTGTMV003 S19E178_demtif

B
[CHEERE¥056 7 TBHEHGIS_NDMO¥ 73 —Aster GDEM |

38— 7=ty kg (RF)

[ A-DEM_Mosaic_vititif

-
SAR—(DZERREEE (A 703
\ I
EHEIL 54D (A2
[32_BIT_SIGNED v

b YA @FF30)
|

I Ik I
| 1

YA AAL-8- (FTFa)

[LAsT v
40 H5-397 K (#F3l)

[FIRST -

OK e gL K ANTEIRFT =k AN

*If the ArcGIS shows any errors on processing commands, it is better to do on a new map
(simpler ToC) / simpler directory / file name / coherent coordination.
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7) Extract only the Viti Levu Island from the combined raster. Search a command, “Extract by Mask”
on the ArcGIS, then set the parameters as below. *Caution: Shape files of “Viti Levu” or
“coastal line” might not be suitable to use as a mask, since the some river mouths and
alluvial fans might not be covered. In that case, you might create a rectangle polygon
mentioned on the next section.

After you extract / clip the DEM for Viti Levu Island, you can also extract / clip only for the target

river basin.
Q
TR REE) |’RNV) TyIV-2(B) WA BROS IATOEIVNG) NAIVAXQ  VEOW)  ALTH)
NEES L8 x |9 | & |[H2n V] B E R E D e 8 % | 30Analyst & o
QAR|MQ I« (NE-T K@ /BN RITE B TFHO-R- "
DFVY 2 X ArcToolbox 2 x e
98 3@ @ ArcToolbox ~ 4

@ @ 3D Analyst Y-l

i
7 Layers 5
= YNDM 6 5 @ Data Interoperability Too =
@ @ Geostatistical Analyst To &
@ [ Infrastructures Affected by Flood o
5 O Proice ® @ Network Analyst J-J J
® O HOT-SPOT DENSITY = @ Spatial Analyst U-Jl, 4
5 & A-1(-UA i
@ O Districts 2 @ A-/-L E
@ @ Vitilevu “ L
. AsterGDEM
3 E
5 O] A-GDEM_Mosaic_Viti_ =]
5 [0 ASTGTMV003 S18E177_dem.tif #
i

@ [0 ASTGTMV003_S18E178_dem.tif
@ O] ASTGTMV003_S19E177_dem.tif
@ [] ASTGTMVO03_S19E178_dem.tif

-4
i
N
LG
‘\
“
«
“ “\ YAYTH (Extract by Mask) o= o X
la ANFAE- HhHFRE—
[AsterGDEM¥A-GDEM_MosFil_Viti_Ume tif = & ANSRA—SIBEL T ES
§ K ANFAR-, FEBI—F9 IAD TR RSN BENZ25—.
L [NDMO¥VitiLevu = &
. WA
- [ C¥ET¥056_7 JBAT¥GIS NDMO¥ 71/ —Aster GDEM¥A-GDEM MosFil_Viti_Extra2 tif ]
~
~
«
S
«
-~ oK Feutl I K ANTEFRT Y= AT v
< - > |jme >

1830409.351 3863890.128 X~ hJl

8) To focus on the specific river basin, you can create a rectangle polygon (or any polygons which
can cover the whole basin including the river mouths and alluvial fans) to ‘Extract / Clip’ the
above mosaic DEM. Wider polygon to cover the whole basin is preferable.

@ vitiLevu_Ume2.mxd - ArcMap - X
THMP REE BRV) T9IY-26) BAD ERS IATOELIVIG NRFAXQ  UFOW)  ALT(H)
D s B & - |[1166838 BP0 8% oanayst- [ ]
SOV ENRNK - THEHE R B L BRI RS ) 00% B IF5-R)

W5y 2 x

ja.‘,m <]

@ [0 Major Roads_polyline

@ [ Sediment Disaster

@ [J WRI Aquedect_GlobalFloodMap
5 0O NDMO

@ O BaData2012

® O FMS

5 [ RRI_Results

@ O FlowPoint WGS

@ O FlowPoint WGS_35M

~

s W

< Rectangle polygon to cover the whole basin
T ’

O Moland

5 [0 HydroSHEDS £ At A 4
= B AsterGDEM 2 - .

v

254l aoge &l

5 [0 ADEM _TavuaWshed_4sM_Ac
5 [0 ADEM _TavuaWshed_4sM_Dir
@ O] ADEM_TavuaWshed_4sM_Fil_
@ [] ADEM_TavuaRec_dsM_Wshec
@ [] ADEM_TavuaRec_4sM_Acc.tif
# [ ADEM _TavuaRec_4sM_Dir.tif
5 [ ADEM _TavuaRec_4sM_Filtif

5 [0 ADEM_Mos_TavuaRect 4sech
# B ADEM_Mos_TavuaRect_Ext.ti
E TavuaRect

= @ Tavua
@ [ FlowPoint WGS_4SM_TavuaR

ANSAE- TAJ T (Extract by

Mask)

| [AsterGDEM¥A-GDEM Mosaic_viti Ume tif =)

AER T e b RErA s P e
[AsterGDEM¥ Tavua¥TavuaRect = & 2O HBELET .

$N3AR-

® O Navua

@ O Rakiraki

@ [0 2022 Ba

5 O BaRiver

5 [ ADEM_FlowAcc_Viti_Extif

5 [ ADEM_FlowDir_Viti_Ext.tif

5 0 ADEM_MosFil_Viti_Ext.if

# [ ADEM_Mos_Viti_Ext.if

@ @ A-GDEM_Mosaic_Viti_Ume.tif
# [0 ASTGTMVO003_S18E177_dem.tif
@ [] ASTGTMV003_S18E178_demtif
@ [0 ASTGTMV003_S19E177_dem.tif

5 [ ASTGTMV003 S19E178_dem.tif ﬂ

5 M R-2997

G¥ET¥056 74 JBFEYGIS NDMO¥2 1 —Aster GDEM¥ Tavua¥ADEM Mos TavuaRect Ext21if =)

i y
|
e %7
oK Foutl i K ANTEIFRT Vb ANT

177.892 -17.37 E(10:)

H P ZZEAALTRR o™ - ; ®CAH A © O % m dx A

2022/06/09
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9) Check the property of the extracted / clipped DEM (Right click on the DEM > property > source
tab, then “column and row” and “cell size”) *In case the number of column or row exceeds
1,000, you need to “Aggregate” since the limit of calculation grids of the RRI is 1,000 for
both column and row. The grid size of the ASTER GDEM is 1 arc-second (approximately 30m).

In the case of Modifying Elevation (using point elevation, LIDAR data, etc...)

Ex) To combine 2 elevation data, ASTER GDEM (raster) and LiDAR surveyed elevation (vector)
using “Join”

i. Convert the elevation data (raster data based on the ASTER GDEM) to vector “point” data.
Raster to Point [Raster to Point command] (you cannot convert raster to polygon directly since
created polygon will be non-uniform shape. Therefore we create the Grid Index Feature be-
low). Considering the mighty long time for processing of “Join”, it is better to use
already “Aggregated and Filled raster data” (in the case of Ba,
“ADEM_BaWshed 6sM_Fil ExtR.tif” is converted to vector).

ii. Create a grid (polygon) shape file by “Grid Index Features” command (refer to “2.6 4)”)

iii. Need to adjust the coordinate system. LIDAR data is set as “Fiji Map Grid (projected coordi-
nate system)” and ASTER GDEM is set as “WGS 1984 (geographic coordinate system,
GCS)”. Either coordinate system is okay, but since the GCS is basically used for the RRI
model so you should set both elevation data as the GCS.

iv. You may need some preparation for LIDAR data. “Join” did not work properly using the given
data. First, copy the original give LiDAR data (BA 10m DTM.shp) and add a field on the
attribute table, such as “Elevation”. Then, do “Calculate Field” and set the newly created “El-
evation = z (elevation value of the LiDAR data)”. Lastly, you should delete all unneeded fields
(Data management tool > Field > Delete Field).

=y
SN, COLA P -DRIET-TINCT -FEENTBLENTEL D,

= £ .+

ERINGERBRCETE BOLAY-I6T - F-REES

1 EEEHS LAY —5ER. 32, FAMMSERT -SEE» 2333

& BA_10m_DTM_ume EA=)

2. WEaATva b ) )
Fe=FeDIADVAAN B D BLDAFIVMFTEN S,

:'L/(JJB T_./.m‘ ftm‘u:lmlg%m AAUh 24-FomF
rgP st L, 2% iR ywh o.amulggﬂ‘uj.zwé*
3:1% Ak 7{‘?%05!! 18ilLEd. (E

BRI HELT
B EEA O &) O EERED)
[ &EHE(S) [ BIHECD O 5 Ev)

S istins SRR B REAA o OSEREER Y 5 LA 7 )
BT RALAT. ©

gﬁ AU ARROAMATE DA - M, 2O EBIARERB{RA
2OEL RN ET. 2055, BT 0 S9N,

3, PERAEOT —BILRE L v -(LFFENE.
LAY -0V I-TI71 )b 22 F—FoehIAHEELTEEO:

CYEETI¥056 7 UBHEYGIS NDMO¥ 2.3 —hAster GDEM¥Ba2023No 2

v. For “Join”, it is better to work on a new mxd. You should add only the necessary data (2 vector
elevation data and Grid Index Feature) on the new mxd.

vi. Right click on the created Grid Index Feature, then “Join”. Select the vector point elevation to
join (either ASTER GDEM or LiDAR). It might take more than 24 hours for processing
depends on the PC performance and the internet access.
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vii. After “Join” of the first data (such as ASTER GDEM), it might be better to create a new field,
such as “Elev (to combine both data)” on the attribute table to combine both elevation data.

Then, same as “iv”, Calculate Field > “Elev = average elevation (joined one)”. Delete all un-
needed fields.

Continue the same procedure of “vi”” and “vii” for another vector point elevation data (such as
LiDAR data / you need to create one more new field for another vector point elevation).

LiDAR data is much precise than the ASTER GDEM. Therefore, the grids which have LIDAR
point elevation should use the LIDAR data only. “Attribution search” > “Avg grid 1 >0 (in
the above case)”. Now you do “Calculate Field” only for the selected grids, “Elev =
Avg_grid 17. Just in case that the Joint link / data might disconnected, you should “data ex-
port”.

IMPORTANT: Due to the inconsistency of both vector point elevation and Grid Index Fea-
tures, some grids might miss joining the elevation. You need to check especially the edge
of data range of both elevation data. If you find out the missing elevation grids, you need to
modify manually using editor (refer to the adjacent point elevation for the elevation of the
missing grids).

You could manage to combine 2 elevation data. Now you need to convert the vector data back
to raster data. Conversion tool > Conversion to Raster > Polygon to Raster (you need to select
the “Value field” as “Elev”)”.

| & KUY ~ 525 (Polygon to Raster)

ANF1-F¢

| AsterGDEM¥Ba2023LIDAR¥RRIPrep¥ JO_AWGsMF r30sMFr
E24=JLE

Elev
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* 1 do not know why but the converted raster data is slightly moved than the vector Grid
Index Feature...

IMPORTANT: If there are any sinks in the flow direction raster, it will cause malfunction-
ing of the RRI calculation. So, it is better to check the sinks using the sink command (after you
create the flow direction [refer to 12)]). Search a command, “Sink (Spatial Analyst Tool)” on the
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ArcGIS. If you find any sinks, you need to modify the elevation data (manually), especially on the
vector elevation data. Check and modify the elevation surrounding the sinks to make it flows.

A, E DR (Sink)

a X

ANREZAR—

305z mdirecs
Eh3A8-
C¥Users¥070135¥Documents¥ ArcGIS¥Default gdb¥Sink_r305swd2

@ VitiLevu_Ume2.mxd - ArcMap.
TP RWEE BRV FII-26) BAGN ERS) IATOEIVIG NAEAXQ  MYRIW) AT
Osg@s A=l-l=l-lalE o3
QAR Q2 « NO  BIZASS g

B x| 0o d-
[

1.234.326

W50y 2 X ArcToolbox 2 x
Ela @ ArcToolbox
V- @ @ 3D Analyst Y-Ji

®
]
8

LLIELEIETY

1

«
«
P
«
«
«
«
«
)
-
p

- € Many sinks (11) identified...

|
il

T

/
.
i

1896618 3936.528 0%~ L

xii. You also need to check the continuousness of the flow accumulation. If there are non-contig-
uous sections shown as below, you need to check one by one and modify the elevation manu-

ally.
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xiii. After you modify the elevation in the Vector data, it needs to be converted to the Raster data.
There might be some options to do it, but maybe you can use “Polygon to Raster” if you have
an extension of the “Spatial analyst”.
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xiv. Now you continue the below procedures.
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10) Aggregate if the downloaded DEM is too high resolution (Aggregate to make the number of col-
umn or row of the DEM to be less than 1,000), you might degrade the resolution. Search a com-
mand, “Aggregate” on the ArcGIS. If you set the cell factor as “3”, above ASTER GDEM 1 arc-
second will be 3 arc-second (=approximately 90m), if you set the cell factor as “5”, it will be
aggregated as 5 arc-second (=approximately 150m). Aggregate method should be “Mean (aver-
age)”. *Be careful, default setting of Aggregate method is set as “Sum”. Make sure to

change it to “Mean”.
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11) Fill the “low-lying depression” points. If there are low-lying depression points, flow direction
gathers towards those points and there is no way out of the flow. It will cause a calculation error.
Search a command, “Fill” on the ArcGIS, then just set the input raster data (in this case, above
extracted DEM raster data / aggregated DEM raster data) and output raster data.

12) Create “Flow Direction” raster. Search a command, “Flow Direction” on the ArcGIS, then set the
parameters as below using the “filled + extracted DEM raster data” created in 11).
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13) Create “Flow Accumulation” raster. Search a command, “Flow Accumulation” on the ArcGIS,
then set the parameters as below using the “Flow Direction raster” created in 12).
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14) Create a new shape file, point shape to edit an outlet point of the target watershed / river basin
(You need to select the appropriate coordination system, such as Fiji Map Grid or
GCS_WGS 1984). Then, Start editing > Put the outlet point at the downstream of the target river
> Save editing > Finish editing.
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15) Create a “Watershed” raster. Search a command, “Watershed” on the ArcGIS, then set the pa-
rameters as below using the “Flow Direction raster” created in 12) and the point data created in
14). *If an error appears and the watershed cannot be created, it might be due to a mis-
match of coordination system. In that case, create a new map and adding the necessary
raster data, such as flow direction and point data, then create a watershed raster again.
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16) Now extract the above created “Fill (DEM)”, “Flow direction” and “Flow accumulation” by the
above created “Watershed”. “Extract by Mask” on the ArcGIS, then set the parameters as below.
Input raster will be “Fill” or “Flow direction” or “Flow accumulation”, which are created above.
And the Input Mask Raster will be “Watershed”. Repeat the same procedure for all the input raster

data.
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A, VAZTHH (Extract by Mask) _ O %

AHSAR- AL (Extract by
| AsterGDEM¥2022_Ba¥BaRectanele_fisecMean¥ ADEM_BaRec_bisM_FilR tif R =] Mask)
ANSAR—, B —Fe TAD TR TADTREBENI I CHDSA
[AsterGDEM¥2022_Ba¥BaRsctangle_beecMean¥ ADEM_BaRec_6sM_ WehedR 1if = [& SO HALLET.
HAHAR—
CA¥ETE¥056_7 RAERGIS_NDMO¥ 2437 —Aster_ GDEME#Rev2022¥ADEM_BaWshed_SsM_Fil_Extr tif | g

oK FoA) s o L ANTERIFERT o=l AT

17) After extracting the raster data by watershed, check a number of column and row and cell size
once again to make sure the numbers of column and row do not exceed 1,000 (Right click on the
extracted raster data > property > source tab, then “column and row” and “cell size”).

18) The final step is converting the above raster data to ASCII file. Search for the command, “Raster
to ASCII”, then convert the above extracted raster data, “Fill (DEM)”, “Flow direction” and
“Flow accumulation” by the “Watershed”, to ASCII files (Conversion tool > Raster to
ASCII).You should save the output ASCII files in the project folder of the RRI model (If you
have not prepared a folder for the RRI model, you can move the ASCII files later to your project
folder of the RRI model later). Name of the ASCII files should be, “dem.txt” for Fill (DEM),
“dir.txt” for Flow Direction and “acc.txt” for Flow Accumulation.

[You can skip Section 2.1.2 if yvou finished creating above 3 ASCII files]
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2.1.2 With HydroSHEDS

1) There is another option for free digital elevation model (DEM) data and so on and it is available
on the website below. Then, unzip the downloaded data, such as DEM data, DIR, ACC, RIV, and
BAS and so on.

https://www.hydrosheds.org/downloads

& hydrosheds org/downloads * 00 n

FEMLA -umeki@.. W WEBTR & s5rA0AZAME. [l ASANER =, G SRAREAME. N reodd @ VIA-Y|EEAL. ET993-0 » 0DTIIT-0
G

Overview Development  Availability FAQs License Links  HydroBASINS  HydroRIVERS  HydroLAKES  HydroATLAS  GloRiC

By downloading and using HydroSHEDS data, you accept this License Agreement

Select desired files using the checkbox and click button below to request download.

I NOTE: you may also download data from here. l

» [ Void-filled elevation (GRID and BIL format)
Hydrologically conditioned elevation (GRID and BIL format)
Drainage directions (GRID and BIL format)

Flow accumulation (GRID and BIL format)
River network (Shapefile format)

Basin outlines (Shapefile format)
HydroBASINS

©2021 World Wildlife Fund, Inc. ~ Privacy Policy  License

Data availahility

The HydroSHEDS database provides a suite of raster and vector datasets, covering many of the common derivative products used in hydrological
analyses. The HydroSHEDS data layers are being developed for all landmasses of the globe from 56° South to 84° North (i.e. excluding Antarctica).
The data is prepared in seamless mode (no edge effects) and is provided as global or regional maps, or in 5-degree by 5-degree tile coverage.
HydroSHEDS is produced on a i | basis. The drainage direction map: hich rept the primary data layer from which all other products

d or are scheduled for release as follows:

are derived—have been

Original regions (56°S to 60°N)

South America Completed (May 2006)

Central America (Mexico and Caribbean) Completed (March 2007)

Asia Completed (March 2007)

Africa Completed (October 2007)

Australasia Completed (March 2008) I
Europe and Middle East Completed (October 2008)

North America (USA and Canada) Completed (January 2009)

Appended regions (north of 60°N)

Arctic (northern Canada) Scheduled for December 2015
Scandinavia and Iceland Scheduled for December 2015
Siberia Scheduled for December 2015
Greenland Scheduled for December 2015
Data layers
At this time, HydroSHEDS provides several core data layers at 3 d, 15 d, and 30 d lutions, including el
surfaces, drai dil , river ks, and hed boundaries. Additional data layers are under construction, and future data developments

are planned. Currently, the following data layers and resolutions are available:

Index HydroSHEDS data layer Format Resolution(s)

DEM Void-filled elevation Raster 3 sec, 15 sec, 30 sec
CON Hy i itioned i Raster 3sec

DIR Drainage directions Raster 3 sec, 15 sec, 30 sec
ACC Flow accumulation (number of cells) Raster 15 sec, 30 sec

RIV River network (lines) Vector 15 sec, 30 sec

BAS Drainage basins (polygons) Vector 15 sec, 30 sec

As the primary data layer, the drainage direction maps define the direction of flow from each cell in the conditioned DEM to its steepest down-slope
neighbor. Values of flow direction vary from 1 to 128. All final outlet cells to the ocean are flagged with a value of 0. All cells that mark the lowest point

29



2) The data contains all Australian area data, so here, extract only the Viti Levu Island. Search a
command, “Extract by Mask” on the ArcGIS, then set the parameters as below. Extract DEM,
Flow direction and accumulation by Mask. You can also extract the river (polyline shape) and
basin (polygon shape) data by highlighting all the rivers / basins in the Viti Levu Island through

“Spatial Search” and “Data Export”.

Q
TAMP) WEE BREV) TYIY-76) BAN FRS ITTOELIVIG NAFIAAQ HVEIW) ALTH)
D& LtaBx2 ® - [11282178 V] EE R e 88 % g | D Analyst- s E
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W5y 2 X ArcToolbox 2 x ~ [y
3 8 3 @ ArcToolbox ~
Layers @ @ 3D Analyst Y-l @
= yNDM o i @ Data Interoperability Too =
@ [ Infrastructures Affected by Flood || ©@ @ Geostatistcal Analyst To &
5 O Proice ® @ Network Analyst J-J J
® O] HOT-SPOT DENSITY = @ Spatial Analyst U-J, &
S A—/(=L 5
@ [ Districts 8 & 2-/-LA o
@ @ VitiLevu L
AsterGDEM
@ [1 A-GDEM_FlowAcc_Viti_Ume.tif ’7}“
ST coovose v oxrs] ¥
@ B A-GDEM_MosFil Viti_Ume.if x
® O A-GDEM_Mosaic_Viti_Ume.tif =]
@ [] ASTGTMV003_S18E177_demtif #
# O ASTGTMV003_S18178_dem.tif #
@ [ ASTGTMV003 S19E177_dem.tif
® [ ASTGTMV003 S19E178_dem.tif
#, YA THEE (Extract by Mask) - o X
ANSAE- HhHRE—
[AsterGDEM¥A-GDEM MosFil_Viti_Ume ti = [& ANSAE— LV
ANTAB-. BEET—F0 TRD T-B HASNBENF2—
: [NDMO¥VitiLevu R R=)
«
- WASRE-
« CHETN56 7« JFAEVGIS NOMO¥ 3] —Aster GDEM¥A-GDEM MosFil Vit Extral tif ]
>
«
«
«
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A, BHOBE (Sink) oK Foutil A LK ANTEIERT Y=l AT o
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H P ZUANDLTHEE

Q == - ArcMap
TR REE TRV TI-2B) BAN) BRO) IATOEIVIG) HAIVAXQ HUFIW)  ALTH)
NeEs B ) + - |[1705.255 v E;}@ag %o 88 % o | DAnalyst- B oemimir = g .
RQRROQ 3« (-5 8@ 7@MD 0 @B, TR~ "
59 % X ArcToolbox 2 x Alf
‘:]J > 8|3 @ ArcToolbox ~ 4
= 5 @ 30 Analyst Y—Jl
= & W97 LAt © 30 Analyst Y-l }3
# @ Data Interoperability Tools
= O VitiLevu =
s g eostatistical Analyst Tools -
@ Geostatistical Analyst Tool H
S B ausiv.iss ® @ Network Analyst J-J
= @ Spatial Analyst Y-Jl
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ol
5 O au_acc_155
®
74237160
B:1
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-
(=[]
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-
m4
8
! i N # (Extract by Poir
= LY 1 (Extract by Poly
- 6; - (Extract by Mask
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2 «
5 B Dem_1ssExt o,
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«
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3)
4)

Now, you follow the procedure 14) of 2.1.1With ASTER GDEM.

The website might be updated from time to time. The data is now categorized as “HydroSHEDS”,
“HydroBASINS”, “HydroRIVERS” and so on as of 2022. You can download the data from the
link: https://www.hydrosheds.org/hydrosheds-core-downloads
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2.2 Rainfall Data

Rainfall data is one of the essential data to be set as an extra force in a hydraulic / hydrological analyses.
Therefore, understanding the available data, such as location of the observation gauges / spatial distri-
bution, type of the data (hourly / daily observation), time-series of data, is important.

Following steps will be taken to prepare for rainfall data.

1) List up and plot the observation gauges in the country to check the location of the gauges. “Av-
erage depth of rainfall over watershed area” is used in a flood simulation. Therefore, latitude and
longitude of each observation gauge are required.

1850000 1880000 1910000 1940000 1970000 2000000
I L

REGELYID 55 /Y, Legend
)

T
3960000

AWS Station Locations
Vatukacevaceval
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=25
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< Telemetered Water Level & Rainfall Station

Ba \VVaikubukubul . s
55 Tro elemetere ater Level station g
& S Telemetered Water Level Stat E
=9 V=3 o
arve N %
[RarawailMilAVS ‘- Nadarivatu’AWS
[Navaial
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Nemeto =3
[Bukuya" (RKS]UodoniAWS]
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. .
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1850000 1880000 1910000 1940000 1970000 2000000

2) Check the availability of the observed data. It is preferable to organize the data as an inventory.
In this project, “Daily Rainfall Inventory (Name ofthe basin Date).xIsx” is used to organ-
ize the observed data in the basin in order to utilize for a flood analysis.

Rainfall Inventory [Rakiraki]
Catchment Station Months 2021
Rakiraki FSC Penang MILL RF Jan 2missing

Feb Imissing
Coordinate Mar *
Lat Apr
Lon May
Jun
Reference Jul
& Aug
Sep
Oct
Nov
Dec 2missing

Rakiraki Penang TB3 Jan *
Feb

Coordinate Mar

Lat Apr
Lon May
Jun

Reference Jul

E Aug

Sep

Oct

Nov

Dec

I
=
~
=
w
=)
=
=
o

20 2019 2018 2017 2_016 2015 2014
* *® * * *
* 2missing | 2missing =
* Imissing » Imissing
Imissing 1missing | 6missing
* 2missing b

*

* B O® ¥ %
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® o® * %
£ NN R E

*

% K ® % % % %

#*
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* * *
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*

P I T T *I
* K OE K R K K K K K K K
R I

T A

* % % % %

* OE OE B R F O X X E R B
P IR T T A

® *
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* 24missing
*

#* ¥ ¥ X X % K ¥ ¥ % ¥
O T
* F % K K % K K K % * K
® ¥ ¥ E E ¥ %X ¥ * ¥ F ¥
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EIE BRI R R A
# OF OF E K K R ® ¥ % * ¥

*
*
*
*
*
*
*
*
*
*

* X X B K X %
LR
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3) Even though “How to use” the “Daily Rainfall Inventory (Name of the basin Date).xIsx” is
written in the excel file, you can also follow a procedure as below.

DO NOT insert rows

DO NOT change the formulae

Basically DO NOT change "For Calculation / Cell Reference No."

1. Copy the original data

1) Copy / utilize the already prepared inventory file of other basins, then rename the file

2) Delete the data in "Columns B to I" in "Original Sheet"  *If you need to add more stations, you can in-
sert columns between Columns B to | **You can change the cell color if needed

3) Change the name of the stations in "Original Sheet", "Daily_Inventory" and "DailyMax"

4) Copy the date and rainfall from each station and paste special "Values" on the corresponding day

5) "Blank cells" are counted on the Inventory sheet, so if missing data are represented as other expressions,
such as "missing" or "error", you need to modify the data *You can "Replace" (Ctrl+H) the data to modify
2. Modify the range of the Daily_Inventory

6) To modify the range of the daily inventory, simply copy the existing formulae. Therefore, check the "start
and end days" of observations for each station

7) Highlight 4 columns (existing formulae) and drag to the start / end of observation [refer to the right figure]
8) Delete the data in no-observed month / year [refer to the right figure]

3. Modify the range of the DailyMax

9) Basically it is similar with above "2."

10) Highlight 4 columns (existing formulae, including the row of "Annual Max") and drag to the start / end of
observation

11) Delete the data in no-observed month / year [refer to the right figure]

4. Check any abnormal data on Daily_Inventory and DailyMax

12) You might find some abnormal values / errors in the data, so you need to look through the data [refer to
the right figure]

13) You night need to modify the above abnormal values / errors

5. If you need to add more stations in "Daily_Inventory"

14) Highlight 13 rows (including narrow blank row on the top) and copy, then insert copied cells below [refer
to the below figure]

15) Make sure the style / form is similar with others, then change the name, coordinate and reference No.
16) Highlight 13 rows (including blank row on the bottom), which have formulae, and copy, then paste below
[refer to the below figure]

17) Change the reference No. on "Column DH*" (in order of C, E, G, |, K, M, O, Q....) [refer to the below fig-
ure]

18) Now follow "2." step and make sure the "missings" are counted properly

*if you inserted some more years based on the step "7.", the location of the reference No. "Column DH" will
change

add) Insert columns on "Original" sheet next to Column "I" for additional stations [refer to the below figure]
6. Add more stations in "DailyMax"

19) Do the similar procedures as "5."

20) Highlight 14 rows (including narrow blank row on top and Annual Max row) and copy, then insert copied
cells below [refer to the below figure]

21) Make sure the style / form is similar with others, then change the name, coordinate and reference No.
22) Highlight 14 rows (including blank rows on the bottom), which have formulae, and copy, then paste be-
low [refer to the below figure]

23) Change the reference No. on "Column DH*" (in order of C, E, G, I, K, M, O, Q....)

24) Now follow "3." step and make sure the daily maximum precipitations are read properly

*if you inserted some more years based on the step "7.", the location of the reference No. "Column DH" will
change

7. If you need to add more years(after 2031 or before 1926)

25) Insert columns next to the year you want to add [refer to the below figure]

26) Highlight 4 columns from "Cell Reference No." to the end (the blank row in the bottom), which have for-
mulae [refer to the below figure]

27) Then drag to the right to copy the highlighted cells [refer to the below figure]

28) Adjust / modify the style [refer to the below figure]

29) Repeat the same procedures above, 25) to 28) for "DailyMax" sheet
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4) After preparation of the inventory, you will decide the target date (occurrence date of the passed
flood or heavy rainfall events) for the RRI model calculation.

5) Now prepare an input rainfall data for the RRI model as a CSV file. It is consist of “number of
rainfall gauges in the watershed to be used for a calculation”, “name of the stations/gauges”, “lo-
cation (latitude and longitude) of the gauge”, “date and time (it needs to be in this order, “Year
/ Month / Date / Time”. You might need to adjust the format cells, [yyyy/m/d h:mm]. If
you cannot find the appropriate format in the category of “Date” or “Time”, you can click
on Custom category and create a new type as yyyy/m/d h:mm)” and “precipitation”.
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21 2016/2/18 9:00 0 0 0 Percentage himm AM/PM A
22 | 2016/2/19 9.00 25 09 165 Hanag Sarees A

23| 2016/2/209.00 208 728 164 To it

24| 2016/2/21900| 465 163 80 (CEET) | i3

25| 2016/2/22 9:00 65 23 145
26 | 2016/2/23900| 205 72| 505 o

27| 2016/2/249.00 03 01 0 B

28| 2016/2/259.00 % 161 365 s <
29 | 2016/2/26 9.00 d 25 12 b

g? 38} g; g; g g;gg 8 8 g e e R R e S o S

32 (_2016/2/29 9.00 2 07 0

33

34

% Cancel
6) Copy and paste the necessary data / information from the rainfall inventory and prepare the file

like as above. Then, save as a CSV file. You can put the CSV file in the “rain” folder in your
“Project” folder (refer to the directory below, depending on where you create the RRI folder).

9 7 = |rain - O X
hh | #E B (]
» L] e 0): 1} Y \j m¢ - HIAvER
s RADIE - - a= BERER
JAYITICR W= BN o oL ey | BEIE )57 1 = ey
fithyedides [l va-thyhosautit OB A ERoMYER
SUTH-F B iR
« v 1-[ > PC > Windows (C) > RRI_1.4.2.3 > RRI > RRI-GUI > Project > BaRectssM > ralnl v U £ oz
BEEAY O 1 o EAE BE PEPS
o ik ) rain_dat 2022/03/21 5156 DAT 771k 10247 KB
5 Frivk ) 2in_Mapdat 2022/03/21 5:56 DAT 7711 570KB
o5 2022/03/21 1539 Microsoft Excel Co 1KB
HBOBKENY [ Temp_Gauge txt 2022/03/21 5:56 FHA FEDAVE 1k8
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2.3 Adjustment of the Computer Settings - Common Errors you might find-
Preparation for the RRI Model (for RRI-Graphical User Interface, GUI)

2.3.1
1

2)

3)

4)

2.3.2
1

2)

After preparation of the raster data, DEM, Flow Direction / Accumulation and Watershed, now
follow the RRI manual, p.3-1 or p.9-1 (depends on the version of the RRI manual). Extract
each raster data for the target river basin.

Some of the external / optional exe-files are in the RRI-CUI folder and it can be used even for
GUI, so the below procedure might be needed.

> PC > Windows (C:) > RRI > RRI-CUI > bin v | D 2
A gm B 2iE 42
Sk [® 0_mi_1_4_2.exe TFIUG-23y 147 KB
[® 0_rri_1_4_2_detail.exe FAVT—33y 1,147 KB
[®7] calc_area_gsmap.exe EF=u3y 582 KB
[ calcHydro.exe FIVT-23y 632 KB
[®] calcPeak.exe FIVT—3y 645 KB
[®] calcTecplot.exe TIr-23y 710 KB
[®] demAdjust2.exe UL EY] 685 KB
[®] evalHydro.exe THT-23y 637 KB
(<) [®] evalPeakexe FRT-230 633 KB
7(D) [ flowDirection.exe FAUT-23y 681KB
) [® makeRiver3.exe T r-u3y 720 KB
[ rainBasinexe TIr-u3y 662 KB
[® rainThiessen.exe FFUT-23y 667 KB
[ read_gsmap.exe FIUI—23y 732 KB
A5JICA [ scaleUp.exe 2017/06/22 17:02 THIT-v3Y 681 KB

When you set the rain data or run the model, errors, such as “libiomp5md.dll cannot be found”,
might be detected and it might fail to function. In this case, you can try to put “libiomp5md.dIl”
file into “C:\Windows\System32”.

> PC » Windows (C:) > Windows > System32 v | D B System320DiE S
~ o em - s 4%
r [ ksproxy.ax AX 774l 297 KB
|| kstvtune.ax AX Jr4 )l 103 KB
%] ksuserdll FHT-vavieE 23 KB
"] Kswdmcap.ax AX 774 )b 138 KB
[ ksxbarax 7 18:09 AX 774 )l 66 KB
[®] ktmutil.exe 7 18:09 FIVT—33y 19KB
2] ktmw32.dil 25 KB
] Lintlnls 10 KB
() 12| 12gpstoredll 71KB
7 (D9 ] 12nacp.anl 62 KB
2] L2SecHC.dI 199 KB
(D3 | 13codeca.acm 91 KB
‘j 13codecp.acm 180 KB
[®] label.exe 18 KB
AS_JICA [l LangCleanupSysprepAction.dll 17 KB
J LanguageComponentsinstaller.dil 177 KB
[®] LanguageComponentsinstallerComHand... 52 KB
\J LanguageOverlayServerdll 295 KB

w

v

In case RRI-GUI gives any error messages when it is started, please check the latest version of
vc_redist.x64 from the Microsoft webpage and install the latest version.

Preparation for the use of RRI-CUI

Basically follow the RRI manual, p.2-1. Before starting the RRI-CUI, we need to adjust the com-
puter settings shown in the section 2-1 on the manual. Some parts on the manual are outdated, if
so, refer to the below.

Right click on the PC / My Computer icon = (if the windows shows the “System”) Then, click
“detail setting of the system” = Advanced tab / Environment Variables > Find PATH, and click
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to edit it 2 The manual says “under User’s Variables”, but maybe we need to edit both “User’s
Variables” and “System Environment Variables”.

RREH X

Q70135 QI1-Y-REBEEZ()

=% &
OneDrive C:¥Users¥Q70135¥0OneDrive
OneDriveConsumer C:¥Users¥Q70135¥OneDrive
Path C:¥Users¥Q70135¥AppData¥Local¥Microsoft¥WindowsApps,...
TEMP C:¥Users¥Q70135¥AppData¥Local¥Temp
T™P C:¥Users¥Q70135¥AppData¥Local¥Temp

FHEN)... (3 HIER(D)

YATLFBREH(S)

T & A
INTEL_DEV_REDIST C:¥Program Files (x86)¥Common Files¥Intel¥Shared Libraries¥
Iservrc_fujixerox C:¥Program Files (x86)¥Common Files¥SafeNet Sentinel¥Senti...
NUMBER_OF_PROCESSORS 4

oS Windows_NT

%INTEL_DEV_REDIST%redist¥intel64¥mpirt;%INTEL_DEV_REDI...
PATHEXT .COM;.EXE;.BAT,.CMD;.VBS;.VBE;JS; JSE,WSF, WSH; MSC
PROCESSOR_ARCHITECTU.. AMD64 v
FRW).. =EQD.. HIERL)
OK Feotl
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3) In the Edit windows, modify PATH by adding “;C:/RRI/RRI-CUl/bin/” (for 64 bit) or
“,C:/RRI/RRI-CUI/bin32/” (for 32 bit) at the end of line. If “/ is not accepted by your computer,
it needs to be “¥” instead of “/””. Note: Don’t delete existing PATH settings. Only add the above
item to the existing line. Also do not forget to add “‘;” to separate it from the existing path folders
(If “line break” is accepted, not necessary to add at the end of line nor *;”, like as below [For
User’s Variables]. For “System Environment Variables”, you need to add at the end of line with

[T3%2) J

RERZURDEE X
%USERPROFILE%¥AppData¥Local¥Microsoft¥WindowsApps F#3(N)
C:¥RRI¥RRI-CUI¥bin¥

=mEE
ZEB([B)..
HIER(D)
EANU)
™D
T¥ALDRED..
OK ol
YATLEHDRE X
EHAN): Path
EHAE(V): bmmon¥;C:¥Program Files¥Microsoft SQL Server¥120¥Tools¥Binn £,C:¥RRI¥RRI-CUI¥bin
FALINOSED.. | IHIOSEE. £l
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4) Now. Run the sample model. Open Command Prompt and type in “cd C:/RRI/RRI-
CUI/Project/solo30s/” (“cd” means “Change Directory”, so, you need to move to the directory /
folder you put the RRI model folder).

5) Torunthe model, typein “0_rri_1 4 2.exe” and enter to execute RRI Model with “RRI.Input.txt”.
Running the RRI model takes time, depending on the model / basin size or number of grids. It
could take a couple of hours to finish the calculation.

6) After you finish the calculation, move to “Post Analysis”. It’s better to run some programs before
you close the command prompt. First, type in “calcHydro.exe” to compute time series data from
RRI output files. Second, type in “calcPeak.exe” to compute peak inundation depth.
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24

Run the RRI Model (GUI)

How to Run RRI-GUI is explained hereafter. You can also refer to the
RRI Manual.pdf (It should be in your “RRI” folder).

Major steps are as shown below. The detailed instruction of each step is shown in the following
sections.

1)
2)

3)

4)

5)

6)

7)

8)

“Open “RRI BUILDER.exe” [RRI BUILDER v4-64.exe (for 64-bit-OS)]

“New project or Load project” [Select DEM, ACC and DIR files (ASCII format) for
New project. Select “RRI_Input.txt” for Load Project]

“Extract Land cover and Soil” [Just click on the button. Then, Soil.txt and Cover.txt
files will be appeared in “topo” folder]

“Move to “Data” tab, then Set river” [Adjust the river threshold and parameters, if
needed. Click on “Make file”, then “Set river parameter”. You can directly / manually modify the
river conditions in “Edit” tab later]

“Set <Rain> Start time and End time” [Order in time needs to be “yyyy / m / d
h.mm”. After setting the time, click on “Use ground gauged rainfall”]

“Move to “Edit” tab, then check the model condition” [You can directly /
manually modify the river conditions, if needed]

“Run RRI” [If everything is set and ready, click on Run RRI. Calculation will start. Calcula-
tion time depends on the number of cells, number of rivers and number of date and so on. It might
take several tens of minutes to a few hours. * DO NOT close the command prompt window. While
the widow is on the screen, the calculation procedure is ongoing.]

“Check the calculation result with the RRI VIEWER.exe” [refer to the next

section]
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241 Detailed steps of RRI-GUI

1) Open “RRI_BUILDER v4-64.exe (for 64-bit operating system, -32 is for 32-bit operating sys-
tem). Then, chose “New project (if you create a new RRI model)” or “Load project (if you already
have a created RRI model and need to modify or run the model)”.

=N B == RRI-GUI = O X
heh #E O RR PIUT-vav -l 7]
1 o YIYERY ] z B HLWPATA - L omEEe - HHIRTER
E¢ ) 1= [ v
'E—] _‘——3 w1 /AL~ xg;;t = ﬁ 5 by ] va-tawh - j% a= EiRER
T6- BEUMT oo BEEOE-R BB RO 0 o/lo 2 ol | == SRS
[#] 3—FhyOISYH =E I BEE O EROTVER
Sy Tk =23 FiE B< EiR
« « 4 1 > PC> Windows(C) > RRL1423 > RRI > RRI-GUI > v | U P RREGUIDER
BHRIEAY ~ o E B ExaE e #4%
B 7AThyT Obsdata I7A N TANA -
B Fraivk Project 74 JAIA~
=l EoFe RRICONTENTS 2 T4 TAN -
HHOBRILAY TOOLS 2 I74 N I F-
;S RRI_BUILDER v4-32.exe 2016/05/12 8:22 PIVT-33y 510 KB
b ! RRI_BUILDER_v4-64.exe 2016/05/12 8:21 PITVT-y3y 604 KB
3 PC RRI_VIEWER 32 v140.exe RRI GUI )5 TIVT-33y 311KB
FII v # ) VFULEEY 351KE
B30 A7 B RRI_VIEWER 64_v140.exe 4 FIU-y3y 351KB
& 79v0-F
W FAThyT
B FEuivk
&= EoFe
8 vy
b z-gws
& Windows (C)
"
SEOER 1 EOEETER 603 KB =
Initialize Project X
Mew pro e ct |
Load project ‘ Exit

2) If you create a new project, you need to put “Project Name” and choose “Use DEM, ACC, DIR
files (LATLON, Latitude-Longitude). Then select DEM (Filled DEM), ACC (Flow accumula-
tion) and DIR (Flow direction) files (ASCII format), which you created by the GIS in 2.1.1.
You might put those ASCII data (DEM, ACC, DIR) in the “topo” folder in the “Project” folder.

Create New Project x
Progct MName Test_Test
" Use HydraSHEDS [Asia30 | =
® ise DEM ACC,DIR filesi ® LATLOM ( Latitude—Longitude )
 UTM

Select DEM file

Select ACC file

Select DIR file
\§ J

Ok Cancel |
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B =< X

— v 1 « RRI-GUI * Project > Bal5s 2022Feb > topo v O L2 topoDigsE
EE-  #mLLIALS- =~ O @
EHOBRICAY ~ &5 a EiAE (e PEP
RF .J acc.txt 2021/05/19 14:42 THFAF FFIAVE 485
= pC El covertxt 2022/03/21 12:28 FEAR FE1AVE 651
B 3D ATVIHF ,J dem.txt 2022/03/02 6:20 THEAR FFIAVE 671
§ F9v0-F J dirtxt 2022/03/02 6:20 THEAL FR2AVE 653
B 52k T =l Soil.txt 2022/03/21 12:29 TEAR FFIAVE 650

3) Once you select the relevant ASCII files, the window will be like as below. Then, click “OK”.
Pop-up window will appear, but just click “Yes (Y)”.

eate Ne e X
Projct Name Test_ Test
(" Use HydroSHEDS Asiadl J
i® lse DEMACC,DIR files ® LATLOM ( Latitude—Longitude )
O LUTH
¥RRI1 4.2 3¥RRI¥RRI-GLUI¥Project¥Bal 55 2022 Feb¥topo¥dem t
¥FRI1 4 2 3¥RRI¥RRI-GLUI¥Proect¥Bal s 2022 Feb¥too¥acc t
§:¥RRI_1 A 2 3¥RRI¥RRI-GUI¥Pro pct¥Bal 5s5_2022 Feb¥to m¥dir.t§
OK | Cancel
ask

I - Project Folder is created at following folder...OK 7
[ C:/RRI_1_4_2_3/RRI/RRI-GUI/Project/Test_Test ]

4) If you load the project, open the “RRI_Input.txt” of your target model (it should be in your “Pro-
ject” folder).

45




5) DEM, Flow accumulation and Flow direction data are read in the RRI model. And the screen
shows the target watershed and water channel (based on the flow accumulation). FAO’s land
cover and soil data can be read by clicking on “Extract Land cover and Soil”. Soil.txt and
Cover.txt files will be automatically appeared in the “topo” folder.

B RRIBUILDER [version v4.645 Release 2016/ 4]

ESDN ona | eon |

2ject name Test Test

s | ot ]
7 [ 5
[77 7 [i5 | seone [778 2[5
el e
ncols 353 nrows 242

Celisize 15" ( =1/240 degree)

Soale up DEM ‘
Adjust DEM |

Bxtract Land cover and Soil |

Map data (0) OpenStreetMap contributors

6) Move to “Data” tab. Firstly, “Set river”. Default river parameters are already set. You can adjust
the “River threshold”, River width and depth and bank height depending on the actual situation
of the river (you can refer to the actual river survey result, river width and depth at the certain
cross sections). Same parameters will be applied for entire river system. You can manually
modify the river width, depth and bank height by directly modifying the river files, if
needed. You can use the default river parameters.

A RRIBUILDER  [version v4.645 Release 2016/4]

e (KR |

s[0-0] R[0-0] damO, divO

o]

< Rain > .
sattme [ [ [ [ o0
edime [ /[ /[ [ :o0

Time difference UTG (+/- h) [00
Use GSMaP [ Hourly J
Use GSMaP [ Daily ]

Use 3B42RT

< Evaporation >

Use ground evaporation data

Map data (c) OpenStreetMap contributors
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River gSmaller value: Many streams are considered as a river ol

Bigger value: Only the highly flow accumulated streams are considered as a river

RqurThreshDIdI 20

—River width
| ow]| 5 Sw | 035
—River depth

- ca | 095 o | 02 = Make Fie |

—Bank height

[ n [ o Acc> [ 20 = Make Fie |

~ Smaller value: Narrower, shallower river condition. “Bank height = 07 means no embankment

Set river marameter cel | |
Bigger value: Wider, deeper river condition.<*Acc > 20> should be the threshold to have embankment

7) Following river parameter shows the example of the changes in the model [refer to the next page].
In any cases, after setting the river parameter, you should click “Make file” and make sure the
blank boxes turns to green. Then, click “Set river parameter”.

River parameter *

River Threshold | 200

— River width 1
)
Blow|[ 2 sw| o025 - Make Fle || After setting the parame-

ters, click on “Make file”

—Riveridepth

. cog | 085 sq4 | 02 -> Make File |

—Bank height
. ho| 4 Acc > 100 C Make Flle
~—————
Set river parameter Cancel

CP N

Then;click'on “Set river parameter
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Example of the river condition using the above river parameters.

- Since the river threshold was set as higher value, only the major streams as considered as a river
- Since the bigger value for width was set, river width is wide.

- Since the bigger value for depth was set, river depth is deep.

- Bank height was set as 4m for the river, which flow accumulation is more than 100.

River,Depth

Bank height

*Especially for “Bank height”, it seems the "Acc threshold" for bank height is different from
the river threshold. Therefore,
1) Go to "Edit"-tab and change the current data as "Bank height"
2) Go back to "Data"-tab and "Set river"
3) Change the "Acc threshold" on bank height (Trial & error) *You should set the "h (=height)", too.
(*It seems Flow accumulation = Acc threshold * approximately 30)
4) Make file for bank height and set river parameter

For Navua River, if you set Acc threshold as 900 - 980, embankment will be created only for the down-
stream / along the low-lying area.
e [ECEHN e
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8) Set a starting time and an end time of the rain / flood event. It is considered as a calculation period.
The order needs to be “year / month / date, and hour”. After setting the time, click on “Use ground
gauged rainfall” > Select > Choose the CSV file > Yes (pop-up window) > OK > OK (pop-up
window). *End time needs to be at least one day earlier than the input rainfall data. If your
rainfall input data (CSV) has the data up to 29 February, the end time should be earlier
than 28 February. Otherwise, error message will be appeared.

B RRIBUILDER [version v4.645 Release 2016/4]

BASIN e |

Set river

Boundary Conditions ——— -

§[0-0]1R[0-0] dam O, divO

[ol
< Rain >

e e IRYYYYA YLD M

T

Input: file (osv) [ ‘ Select

Ertime B2 /(7 /(5 18 :00 -

o Wl |VFTZATEOC pnegle Cellsiza 1/ | 2400 °
Time difference UTC (+/- h) | 00 I
| eerRimmd | : il [TEZTEET nrows

Use GSMaP [ Daily ]

Use ground gauged rainfall

Use 3B42RT

< Evaporation >

Use ground evaporation data
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9) If the rain gauges are properly set in the model, rain condition will be something like below (it is
based on the Thiessen Method. Colored areas show the coverage area of each rain gauge).

10) Move to “Edit” tab. You can check the current data / model conditions.

B RRIBUILDER  [version v4.645 Release 2016/4] - o X

e | oaTa

Current Dat [Rain >

Edit legend
Trarsgarency 0% —— [— 1007
Location ] o I
Feient W] [fem] [ € |
Aco JE e
Surrent data

e |

Armow invisible Display Arrow

[V Fill color [¥ Display leganc

[¥ Backimags | Change Back Image
ok Transparency 0% [——— 1007

[V Display extent ||
[ Display cell

sopecel [ s Il o [
Riercel [ll = Il o M
Location [l Dam JIN ohversion I

[V Display zoom button
I¥ Display ground oteervatories [l

Exiit RRLINPUT TXT
Run RRI

Map data (¢) OpenStreetMap contributors

11) Some of the conditions, such as River width, depth and bank height can be modified manually
and directly by double-clicking on the map, and directly input the value in the table.

5]
oSN | DATA

Current Dat [River width (m)

Edit legend

L]

Transparency 0% |——— 1007
Location  [11877 0] 10| i | | S NamaE
Height (14000 /| =
Aco 278 sw| s | [sE|
Surrent data | 9842
River
Arrow Invisibla Display Arrow
[ Fill color [V Display leganc I nan - e EEEERREE

IV Back image | Changs Back Image
Jaok Transparency 0% |——— 1007

[¥ Display extent |
[ Display cell

sopecel I hs I o [

riercel ll = Il o«

Location [l pam [N Siversion I @ I W EEEEE
I I Il o

[V Display zoom button
[V Display ground obeenvatories [l

Edit RRLINPUT.TXT
Run RRI Import (csv) Export (csv)

enStreetMap contributors

21:10
7 2022/07/03

5

H P ZUAHLTHESR

oi

12) Some of the conditions, such as River width, depth and bank height can be modified manually
and directly by double-clicking on the map, and directly input the value in the table.

50



13) If everything is set and ready, click on Run RRI. Calculation will start. Calculation time depends
on the number of cells, number of rivers and number of date and so on. It might take several tens
of minutes to a few hours. * DO NOT close the command prompt window. While the widow
is on the screen, the calculation procedure is ongoing.

14) Once the calculation completed, the command prompt will be automatically disappeared.
ERRLBU}LDER [version v4.645 Release 2016/4] - a X

BrsiN | DATA

Current Dat [Bank height(m) ~l
Edit legend

e o DO NORCLOSESTHEAWINDOW,

Location 133,86 7‘ 7‘ 7‘
Height [86000 W | [Term] E | S¥system32¥cmd.exe
Aco 2224 =] = | o | [ -V AN E E
Surrent data | 400 || cancel .
River _Undo |
Arrow invisible Display Arrow

¥ Fill color ¥ Display legen:
[ Back image | Change Back Image
Jaok Transparency 0% |——— 1007

¥ Display extent I
¥ Display cell

e ol [ e | el [ ax h ‘ i B
Rwercel [ o [ o [
Location | Dam | Owersion|

[¥ Display zoom button
[¥ Display ground observatories

Exiit RRLINPUT TXT

144
Run RRI ‘ A B

0.346E-03

Map data (<) OpenStreetMap contributors

Capture completed....!

2125

P ZUAHLTHESR il LECHEL ~ T K W @) A 200703 Y

15) After the calculation is properly done, check the result with the “RRI_VIEWER” (refer to the
following section).
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2.5 Check the Result / Output of the RRI Model

1) Open“RRI_VIEWER v4-64.exe (for 64-bit operating system, -32 is for 32-bit operating system).
Then, read “RRI_input.txt” in your calculated project holder.

2) You can check the calculation results, such as spatial distribution of inundation, changes in water
depth and discharge in chronological order / time series data. Spatial distribution of maximum
inundation depth is also available.

RRIVIEWER v140.64 Release 2016/3

ClicKTon the result you want to check¥then click on the play,button

2022/ 2/ 6 09:00

[¥ Display results
[Femdaton [
[heRverWDY [

[ | [
[oeres [ g
[ R

T out hsmax|
| [ [ ] ol e
— ‘ -

2022/2/86 9:00

* River Profile

Set River Path

* Mesh Profile — Shift+Left Drs

Anim Speed L [ —

GChange Back Image

v [ Display Date&Time
~ M Display Logerd

[¥' Display Mesh Frame

[V Display BackGround Image

[Detail Option (Dauble Click)

Map data (c) Opens p contributors

End Animation.

3) Moreover, you can check the animation / time series of a longitudinal profile of the river (water
level) by setting a river path. You can compare the water level and the ground level so that you
can confirm when the water level exceeds the ground level and overflow occurs.

RRLVIEWER v140.64 Release 2016/3

[¥ Display results

[elrundator)

Tl — j 23 3 Set river. path
— 2022/ 2/ 6 08:00 / P

[[orRver Dise)

[ eametd

’7 ’W
T out hsmax|
e & o dre gh
—— ‘ -
[2022/276 [ 8:00 I5o
on upstream-end "
* River Profile . p mEn =
BREBDE
Delete Path | Show Profile I B
downstreamsend ot gk the] '
* Mesh Profile == Shift+Left Dre Profile Window
n
AnimSpeed | — |— o ‘
H-Axis Scale min,max -50 100 Redraw
H(m) 2022/2/6 9:00
Che Back I e
[Romnts B River water level
¥ [ Display Date&Time
¥ [ Display Legend

[V Display Mesh Frame

[V Display BackGround Image

|Detail Option (Double Click) = i/ '\

2 4 6 8 12 14
Upstream Total Length 14 (km) Downstream

Map data (c) OpenStreetMap contributors

Ready.
H D CZEANLTRR Pyl @ © © m « W vV - 2xc wosHEn A & % W o @ R
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4) Spatial distribution of maximum inundation can be overlaid on the GIS. Click on “out hsmax”.
“hsmax.txt” (maximum inundation) will be produced in your project folder.

* River Prafile

Set River Path

* Mesh Prafile — ShifttLeft Drs
AnimSpeed L — [— y

file name

9 Is save name [
C¥RRI_1_4_2_3¥RRI¥RRI-GUI¥Project¥Test_Test¥hsmaxtxt ] 7

Ghange Back Image :L]
=00) LU

[ Display Dats&Time

[ Display Legend
[V Display Mesh Frame

[V Display BackGround Image

|Detail Option (Double Click)

Map data (c) OpenStreetMap contributors

Succeeded

i = > 1856
L ZUAHLTESR i, iy 2022/07/04

= | Test_Test = O X

kb | #E ER ®

& 'J?LE’EL‘ % ;'_%LI.\jffﬂa‘ o dam-
Wl AAO3E- 1] ¥a-khwbk~ = TEs
7 B5Y T e bhuhpisiy | BBk JE-E 7071 -
il =L o EE
HyyTH-F 2E ey
«— I > PC > Windows (C) > RRIL14.23 > RRI > RRI-GUI * Project > Test_Test > v O
BRLAY A &m ) $4%
B 7RIy T bound
= FEIAVE init
&= EoFe out
HFHOLRILAY rain
4B v
" topo
2 Bl 0_rri_1_4 2.exe
¥ 3D AJUHE &) Hard Copy 0bmp
B FAoyT RRI_Input.txt 74
=S F¥1AVE | time.dat DAT
Sldrad

£ 9 Windows (C)

NEEHEE 18
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2.6 Convert and Overlay on the GIS

1) Copy the “hsmax.txt” to your GIS folder. It is better to rename the file, so add the basin name and
date on “hsmax.txt”. On the GIS, “ASCII to Raster” and set the “hsmax.txt” as an input ASCII
file. Data type should be “Float” since the inundation depth is not an integer.

=l i)l o cR s

3D Analyst~ -

@

Q —
IPAUF) RWEE BRV) TyIV-I(B) WA ERES IATOEYVNG NRFVAXQ HMUFOW)  ALTH)
DeEds Lo &[]
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2) Added raster data’s geo-reference / coordinate is set as “unknown”. Therefore, right-click on the
raster data in the catalog, and change the coordinate to “GCS_WGS 1984,
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3) Adjust the symbol / color range like as below. Because each grid of the watershed has precipita-
tion, if we put color even for the slight inundation depth, entire watershed will be painted. To
avoid such a situation, small inundation depth such as less than 0.2m is set as solid color / blank.

Also “transparency” in the “view” tag should be adjusted, such as 50%.
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4) IMPORTANT: For risk assessment, it is preferable to convert the raster data to a shape
file. So, create a grid (polygon) shape file by “Grid Index Features” command. You should set
any rectangle shape files such as “Fill” as an input feature (option). Width and height of a polygon
is depending on the grid / cell size of your calculation model (You need to set the same grid / cell
size as your model). If you aggregated the cell / grid as 3- or 5-arc second, grid index feature to
be created here should be the same size [refer to the below figure and table]. If you set an input
feature (option), “origin point” and “number of column and row” will be automatically set de-
pends on the width and height you set.
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5)

If you find the inconsistent grid as below, it must be due to the inconsistence of coordination of
each shape file. In the below case, the coordinate of the created Grid Index Feature is Fiji Map
Grid, and the coordinate of the “hsmax” raster is GCS_ WGS_1984. In this case, you should work
on the new map document, put any shape file with “GCS_ WGS 1984”, and do “Grid Index Fea-
tures” command.
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6) Now convert the “hsmax” raster to point [Raster to Point command] (you cannot convert raster

to polygon directly, therefore we create the Grid Index Feature above). If you find any error, you
should work on the new map document as well.
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7) Right-click on the created “Grid Index Feature” > “Joins and relates” > “Join”. On the pop-up
window, you should choose spatial join, and above converted point data will be used. Make sure
that the counting method should be set as “Mean / Average”. This procedure might take time
depending on the number of grids. It might take several tens of minutes.
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8) Adjust the symbol / color range and transparency. Even though it looks the shape file is the same
as raster data, you can use it to count people, households, buildings in the inundated area
and so on by the combination of the “attribution search” and “spatial search”.
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Chapter 3. Probable Rainfall

3.1 Introduction

In order to formulate countermeasures against heavy rainfall, the degree of rare heavy rainfall,
such as once in 50 or 100 years, is statistically estimated from past precipitation observation
data. The period during which the phenomenon can occur once during the period is called the return
period (for example, if rainfall of 500 mm in one day occurs once in 50 years / 100 years, the return
period is called 50 years / 100 years). Based on the analytical results, it is possible to formulate flood
control measures, urban plans and so on that can minimize damage even in the event of large-scale
heavy rains and floods, such as the 1-in-50-year flood event and so on.

Climate information, such as how heavy rainfall occurs in which areas and how often, can be used as
a basis for various plans and measures. It is also thought to be useful for disseminating disaster pre-
vention knowledge, such as knowing the characteristics of the region regarding heavy rainfall.

It should be noted that heavy rainfall that occurs 1-in-100-year (heavy rain with a return period of 100
years) does not necessarily occur once every 100 years. Return period of 100 years means “heavy
rainfall that occurs once in 100 years when averaging over a long period of time”. It can happen twice
or more in 100 years, or it can happen not even once. If you compare it to a dice, if you roll the dice
six times, you may not get a single "six" roll, or you may get six times in a row. However, if you roll
it hundreds of times, the "six" will appear on average 1 in 6 times.

3.2 Methodology

In Thiessen Method, the river basin is divided into small areas where each Point Rainfall (or Rainfall
observation station) can be a representative, and then, Average Depth of Rainfall over Area is calcu-
lated by weighted averaging.

Shown as below, every Rainfall observation stations (near from the river basin) including the station
located outside of the basin must be plotted on the map. Then, draw the perpendicular bisector of each
station. These areas which divided by each perpendicular bisector represent the coverage area of each
station in Thiessen Method.

_an +112V2 +...+aNrN
r= @ Same length
A Thiessen Line Rainfall observation

; . Polygon line i
= asin station @ Right angle
A=a +ay+...ay Rainfall observation divide line /
station

. ey Y /W N 95 o2 /L fpomeemeemmeee 9 03
r: Averagerainfall(mm) \ --------
A: AllBasin areas(km®) .?6 <
N : Number of rainfall _
observation points 02 ce;-rt]irt?i; i;;l(tg1022pgg)90n

a2 km2 -02~

a, : Polygonal area(km’) >

7, : Rainfallin each

. . Perpendicular bisector
observation point(mm) P

If Thiessen coefficient (a; / A) is calculated in advance, it is easy to calculate Average Depth of
Rainfall over Area.
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@. Dividing the river basin and plotting the all rainfall observation stations
(including the station located outside of the basin)

. Connect adjacent stations with a straight line
®@. Draw the perpendicular bisector of each station

@. Counting each polygonal area and calculate Thiessen Coefficient
(If necessary, divide polygonal area into small areas based on each watershed)

®. Summing of “Each Thiessen Coefficient” x “Rainfall in each observation point (mm)”
equals “Average Depth of Rainfall Over Area (mm)”
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If necessary...
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3.2.1 Drawing Thiessen Polygons Manually

1) Draw a middle point between 2 rainfall stations. Start the editor, create features. Click on the
“middle point”.

@ vitiLevu_Ume2.mxd - ArcMap - o 5%
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2) Now draw an orthogonal line from the middle point. Click on the “square / right angle”. The line
should cross the border of the watershed.
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3) Now the orthogonal line shall be extended to the opposite side of the border of the watershed. To
extend the line, you need to draw a line outside of the watershed.

@ vitiLevu_Ume2.mxd - ArcMap - (=] X
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4) Extend the orthogonal line towards the target line using “extension tool”. First select the target
line, then click on the orthogonal line to extend.
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5) After drawing the complete orthogonal line over the watershed, you can delete the unnecessary
lines. And then, make sure to save the edit.
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6) Now draw Thiessen polygons. Create a new shape file (polygon).
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7)  Start the editor and trace the orthogonal line and the border of the watershed.
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8) Finish editing and create 2 fields on the attribute table, “Station” and “Area”. Start editing again
and input the name of stations for each coverage areas. Then, save editing.
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9) Coverage areas are calculated using “Geometry Calculation”. Right click on the field name,
“Area”, on the attribution table. Then, select “Geometry Calculation”. Select area as property and
chose the right unit. Thiessen coefficient will be “each coverage area / total catchment area” (cal-
culate on the Excel and so on).
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10) Symbol shall be arranged, too.
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11) Thiessen coefficient of the each polygon will be calculated on the Excel based on the area of each
Thiessen polygon.
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3.2.2 Preparing Input Rainfall Data for Statistical Analysis

1) As mentioned in the introduction, “Average Depth of Rainfall over Area” will be used. Therefore,
Thiessen coefficients were calculated in the previous section. Now, calculate the “Average Depth
of Rainfall over Area” based on the recorded / observed rainfall data and the Thiessen coefficients.
Here, the Thiessen coefficients are calculated on the Excel of the rainfall inventory.

2) Inthe case of the Ba River basin, there are observed rainfall data (at least daily rainfall data) since
1905. However, the only one gauging station, the Rarawai Mill, is available from 1905 to 2010.
Therefore, only the Rarawai Mill’s observed data is used as a representative rainfall over the
catchment area from 1905 to 2010.

3) Here, we use the “maximum annual rainfall” for the statistical analysis. However, the statistical
analysis / hydrologic frequency analysis can be analyzed both with “annual maximum series” and
“partial duration series'” of rainfall.

4) Therefore, maximum annual rainfall will be prepared using the rainfall inventory. The maximum,
the 2™ and the 3™ maximum rainfall event are extracted using “MAX” and “LARGE” formulae
of the Excel.

Daily_Rainfall_Inventory_Ba_20220805_rev.xlsx - Excel
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516216

13 1905110900
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O Here. the maximum rainfall, the 2"¢ and the 3™ maximum rainfall
e events will be extracted (including the date of heavy rain occurrence)

How to Use |IEENDEI MVl BRIVl . Original | AnnualDailyMax | &) < y
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5) The Thiessen coefficients differs depending on the combination of the available observation sta-
tion. Therefore, the procedure described in the previous section must be implemented for all the
combinations. In case of the Ba River basin, basic combination of the available station are show
as below. The Thiessen coefficients were calculated for all the combination.

Thiessen Coefficient

Navala Nanoko Toge Rarawai Mill Bukuya Navunitawa
0.254 0.134 0.205 0.290 0.042 0.075 6
0.247 0.341 0.290 0.045 0.077 5
0.427 0.290 0.206 0.077 4
0.532 0.321 0.147 3
0.547 0.453 2
Thiessen Polygon Area Total
239.994 126.558 193.045 273.788 39.402 70.473 6 943.260
232.738 321.824 273.788 42.692 72.218 5 943.260
402.888 273.788 194.366 72.218 4 943.260
501.750 302.666 138.843 3 943.260
516.246 427.014 2 943.260

! PARTIAL DURATION SERIES (PDS) - Time series that includes all precipitation amounts for a specified duration at a given
station above a pre-defined threshold regardless of year; it can include more than one event in any particular year.
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6) Daily average rainfall over area shall be calculated everyday based on the Thiessen coefficient
calculated above. As mentioned above, the Thiessen coefficient to be used differs depending on
the number of the available observation station / the combination of the observed stations.
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2015/9/1 \ — 0.0 0.0 0.0 0.0
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2015/9/20 9: . . 0.3 1.8 1.0 3.0
sousem so L NE available stations were 4, o 4o | ss
2015/9/22 9:00 \ 0.0 0.3 0.1 0.5
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eesso this Thiessen coefficients were used 2 2 2o lm
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2015/9/29 9:00 0.0 0.6 36 04 4.6
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2015/10/6 9:00 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 oy
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7) After calculating the average rainfall over basin for all the days, annual maximum rainfall shall
be identified for all the year.
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|C0nsideration: Error / Missing observation data

IMPORTANT: It seems that some / many of the observed data have error value or missing data.
Especially the below cases are extracted as the maximum annual rainfall, however it seems the
values are accumulated for a couple of days’ (by the day before) precipitation. This kind of error
value shall be checked manually... (Automatic judgement might be difficult).

H 1 J K I J K
Date Rarawai Mill Manyal Date Rarawai ) ‘Rerawai, Mill Mansl Date Raravai Mill AWS I
2008/12/27 35.7 0
2008/12/28 04 0
2008/12/29 25 0
2008/12/30 6.8
g 427
03 592
324 0
16.5
0 16.5
224 0 b
77.3 0
2835 0
185.5 41
0 Susspicious data, but it 0
60 Susspicious data, it might be previous
140 400-5'?3 days accumulated value
90 203
41 g
54 0
196 0
110 1
0 /
1.9 1984/3/25 142

In case the maximum annual rainfall seems wrong / error, the 2" and the 3™ maximum rainfall were
also extracted as a reference.

8) After identifying the annual maximum rainfall, it must be organized / listed in the other excel
sheet shown as below (in chronological order and in descending order). Some of the abnormal
maximum rainfalls shall be rejected as mentioned in the above consideration.

Dail
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18 1964/1/1 1964 2715 1920/3/15 9:00 117.: 1964/3/21 9:00 271.5) 1964/3/21 900 271.5

19| 2018/1/1 2018 256.6 1921/1/7 9:00 179.8} 2012/3/29 9:00 264.0| 2012/3/29 9:00 264.0

20 1918/1/1 1918 2517 1922/11/11 9:00 166.4] 1918/2/7 900 251.7] 1918/2/7 900 251.7

21 1923111 1923 2515 1923/3/29 9:00 251. 1923/3/29 9:00 251.5) 1923/3/29 9:00 251.5
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32 1927/1/1 1927 207.0 1934/1/15 9:00 135.4f 1909/2/7 9:00 213 4] 1909/2/7 9:00 213.4
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34 19721111 1972 2014 1936/3/14 9:00 144.8] 2016/4/3 9:00 208.8| 2016/4/3 9:00 208.8

35 1954/1/1 1954 200.7 1937/2/15 9:00 100.1} 1975/10/28 9:00 207.8] 1975/10/28 9:00 207.8 -

EETEEYV= " Ga_Daily_Inventory | Ba.DailyMax | Or ‘AnnuaiDalyMax | BaMIl Historicalt WL | @ i y
T49: 11823.50969 F—HDME: 237 |MAfHE: 44570.375 SEt: 2766701.268 i @ @ - 1 5 + 85%
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3.23 Statistical Analysis using the Software (Hydrological Statistics Utility)

1) The software can be downloaded freely. The software is very simplified and there are mainly 3
steps, 1. Data Input, 2. Run Calculation and 3. Result Display. As for the detailed manual, please
refer to the appendix, “Hydrological Statistics Utility User’s Manual”.

https://www.jice.or.jp/tech/software/rivers/hydrology/programdl

Run Result
Data Input Calculation Display

[# Aosesta-To74 X

" stga@in | 1. Inputting calculation condition
SRS E— i and run calculation
SEERERT

3. Result display

Excelrh~pizgh  |4- Launching the Excel to
} prepare the input data

Excel#a®—MLEh

RT }

2) The Excel to prepare the input data will be launched by clicking the above blue highlighted button.
Basically, you just need to copy and paste the rainfall data (date and rainfall) prepared in the
previous section.
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3) After pasting the data, select a range of cells of date and rainfall. Then, move to “Add-ons” and
click “Creating a data file”. The window to save a file will open, so input a proper file name with
the extension and save the file.
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4)

5)

6)

7)

The window to set the calculation condition will be launched by clicking the above red highlighted
button in the 1).

~ Condition for the “Annual Condition for the “Partial

SHREASE Maximum Series” Duration Series”
HEAH (@= (3HEE
FFERETREE. SIS0, FTRIAE. pAls Vv Expi vV LExp
)a. ‘i].l v Gumbel v GP
v SQRTET |v GPExp
[T Jackknifei [~ BootStrapif 4
ack Knife Dototrap ¥ GEV FATIRE Slelect all
=TS (2000 I LFIRs g Dhtelect all
TIEAE v LogP3 +ATERRR l"ese ecta
[JackEnife BootStraptE s o W Iwai 5HE#E2E Type of the input data
0 0 0 b JehiTeka @ fi# Rainfall | |
0 0 0 M LNSQ _ . :
% LNIPM " & Discharge |
¥ LN2ZLM |
¥ LN2PM Calculation File Setting
TOFF =
™ 3HBFCUTOFF  [200 WV LN4PM &7 BT
Select all ~ FTERE I ;.g.ﬁﬁﬁggR i I] L
Deselect all FTATRERR : == a| culation
[ 5‘!]‘-1 |

_ 5 ~Close the window
I7-0Y:

The “Jack Knife method” and the “Boot Strap method” are the simulations for the purpose of
assessing the reliability of obtained estimates. You might tick the box of the Jack Knife method,
however the Boot Strap method takes time to calculate (several hours), depending on the data /
samples used, therefore it is not recommended to tick the box of the Boot Strap.

If the input data is the Annual Maximum Series, the conditions (tick boxes) of the Partial Duration
Series can be deselected (vice versa for the calculation using the partial duration series).

Click on “Select” and set the input data prepared. The directory to load the input data will be
automatically changed. You can copy & paste the same directory to the directory to save the
output data. As for the output data, you need to fill / write the name of the file to be created (the
extension will be “ .ans”). Click “Set / Ok” button and then, “Run Calculation”.

SEEEE Directories to load the input data (upper) / save the output data (lower)

sRIAT 1R [oupmgram Files (x86)¥ROGys¥7KITakat¥
SHiwi77 (UM [C¥Program Files (x86)¥ROSys¥ICTiRETY

Input data 7712 Sell ‘;;:R EEL{IE_Output data
v [testdatadat testdataans —
: Input the file name to be saved
3 #iR
[} IR
5 AR
6 AR
7 AR
8 AR
] IR
i0 AR
11 iR
12 AR
13 AR
i IR
15 #iR
16 IR
77 AR
\E AR
i BWR|
AL R | Set / OK

|
3= | 4w Cancel

Clear Hr
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8) After the calculation, click the above green highlighted button in the 1) to open the result display.
Please refer to the appendix for the further explanation.
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9) The Excel to show the calculation result will be launched by clicking the above orange highlighted
button in the 1). Move to “Add-ons” and click “Load the output file”, then set the output file
created above. Template 2 might be used for organizing the calculation result.
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10) Basically there are 2 steps to check the goodness-of-fit, “1) if the value of SLSC is less than 0.04,
it is evaluated as compliant (smaller value is better)” and “2) the smallest Jack Knife estimated
error” will be adopted.

The smallest Jack

SLSC =0.04 Knife estimated error
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Select the probability distribution model with the smallest Jack Knife estimated error

11) Based on the calculation result, you can identify the degree of rare heavy rainfall and the return
period of the past observed rainfall and so on.
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Chapter 1. Introduction
1.1 Introduction

Fiji is located in disaster prone area due to its geographical, geological and demographic conditions.
Flood occurs almost every year due to cyclone and front. There is also a risk of tsunami due to earth-
quake frequently occurring in the surrounding ocean. In addition to these hazards, vulnerabilities
brought about by living in small, reclusive and remote island countries increase the disaster risk in Fiji.
According to the World Risk Index 2018 released by UN University, Fiji is the 10th high-risk country
among 171 countries in the world.

Fiji has a certain level of capacity for disaster response based on its experience with past disasters by
coordinating related agencies from national to local levels. Furthermore, some efforts have been taken
already for mainstreaming DRR and promoting the pre-investment for DRR by developing the “Fiji
National Disaster Risk Reduction Plan (NDRRP) 2018-2019” based on international framework such
as the Sendai Framework.

However, there are several challenges in the institutional framework for the development of national
and local DRR plans, and for the implementation of DRR projects, in the hazard assessment, etc.

Based on this situation, the followings from the “Sendai Framework for Disaster Risk Reduction /
SFDRR” are very important in Fiji.

1) Understanding disaster risk
2) Strengthening disaster risk governance to manage disaster risk
3) Investing in disaster risk reduction for resilience

4) Enhancing disaster preparedness for effective response, and to “Build Back Better” in recovery,
rehabilitation and reconstruction

As mentioned above, it is necessary to clarify the sediment related hazards in order to understand the
actual situation of the disasters and to implement appropriate measures against disasters that are caus-
ing great damage.



1.2 Major Types of Sediment Disaster

Sediment disaster is defined as the movement causes damage to human lives and properties and so on
directly and indirectly'. It is classified into three types (refer to Figure 1-1)>°.

Sediment (soil and rock) produced by hill-slope collapse or from riverbed travelled
downward under the influence of water from continuous rain or torrential rain. Alt-
hough the flow velocity differs by the scale of debris flow, it sometimes reaches 20-
40 km/hour.

Steep slope Abrupt collapse of a steep slope. Steep slope collapse often occurs on slope of >30°,
collapse very rapid (>10 mm/day), and no signs prior to the collapse.

Downward movement of a slope or part of slope due to groundwater and gravity.
Landslide mostly occurs on gentle slope (5-30°), moves very slow (0.01-100
mm/day), and many signs prior to movement. These signs include occurrence of

crack, depression, uplift, fluctuation of groundwater, etc.
debris flow steep slope collapse landslide

Debris flow

Landslide

Source: NPO Sediment Disaster Prevention Publicity Center

Figure 1-1 Schematic diagram of outbreak mechanism of flood

Sediment disaster hazard can be expressed / evaluated as “Hazard area of sediment disaster, Reaching
area / distance of soil mass / sediment, Areas where serious danger can occur (designated dangerous
area, yellow / red zones)” and so on.

Sediment disasters in Japan occur in various parts of the country almost every year, and the number of
dangerous areas where sediment disasters may occur has been increasing due to new residential land
developments. It requires a lot of time and cost to implement structural measures at all those areas.
Therefore, it is important to clarify dangerous areas by hazard assessment, and to enhance non-struc-
tural measures, such as the development of a warning and evacuation system and restrictions on certain
development actions, along with structural measures®.

' Guidelines for Development of Warning and Evacuation System Against Sediment Disasters in Developing Countries — Basis of Sediment
Disaster, 2004, https://www.mlit.go.jp/sogoseisaku/inter/keizai/gijyutu/pdf/sediment e 02.pdf

2 https://www ktr.mlit.go.jp/river/bousai/river_bousai00000078.html

3 Sediment disaster warning area based on the Sediment Disaster Prevention Law, nd, https://www.mlit.go.jp/river/sabo/sinpoupdf/gai-
you.pdf

4 http://www.sabo.pref.fukuoka.lg.jp/shiryou/images/4.pdf



1.3 Methodology of Sediment Disaster Hazard Assessment

There are many hazard / risk assessment methods for each type of disaster, from simplified methods
based on past disaster records to advanced methods based on simulations and individual field survey
(refer to Figure 1-2). Detailed characteristics of each methods are also explained in the appendix,
“Study on Simplified Hazard / Risk Assessment Methods”.

The purpose of the project is to promote disaster prevention projects to reduce disaster risk and to
formulate local disaster prevention plans, so a method that can express the disaster risk reduction
(DRR) quantitatively through implementation of countermeasures will be determined. On the other
hand, it is preferable that the simplified method will be applied for Fiji considering the current C/Ps’
experiences and capabilities regarding disaster hazard / risk assessment since the methods based on
advanced method requires a lot of efforts and expertise and it is not realistic at the earlier stage of
implementation of hazard / risk assessment.

There are various definitions of disaster risk, such as the disaster risk is determined by the “interaction
of hazards, vulnerabilities, and exposures”, but disaster hazard / risk assessments in the project is de-
fined as follows.

Disaster Hazard Assessment : Assessment of potentially harmful natural phenomena that may cause
damage to human life, assets, society, economy, etc.

Disaster Risk Assessment : Assessment of damage to human life, assets, etc. that disaster hazards
can cause
High
A

[ @Further Elaboration of Assessment

Later Phase

® Individual field investigation, Cross-
section analysis with high resolution DEM
(Detailed field survey, geological data, high
resolution DEM etc.)

Middle Phase

@ simplified judgment / Simulation using topographic
data oraerial photograph

Early Ph
(DEM, Satellite data/ Global data) ar ase

Current
Situation
in Fiji

@ Actual Disaster Record

(If thereis no disaster records, assume a hazard area based on
the disaster records of similar river basins, terrain / river
gradients, distance from the river and so on)

Accuracy of Hazard Assessment

Project-based X X X i
Hazard Maps (@ Assessment by interview with residents / Self-check by the

community
{ J J

P High
Executing rate / Adoption rate

Figure 1-2 Image of Stepwise Hazard Assessment (in case of sediment related disaster)

Basically, analyses based on scientific evidence are implemented by using information including to-
pography, geography, hydrometeorology and hydrography and so on. The fundamental ideas behind
hazard assessment methods in any disaster are common: hazards will be assessed based on impact and
extent of the disaster, which entities will suffer. Other factors such as geographical characteristics,
landform conditions, and land use are taken into consideration when conducting these assessments.



“Visual judgment with topographic map”,

9% C¢

Interpretation of aerial photographs” and “Field investiga-

tion / Cross-section analysis with high resolution DEM and GIS” are the major methods for sediment
disaster hazard assessment. Characteristics of each method are shown in Table 1-1 and Figure 1-3.

Table 1-1 Methods of Sediment Disaster Hazard Assessment

Sediment Disas-

ter Hazard Simplified - Detailed
(1) Visual judgment with (2) Interpretation of aerial (3) Field investigation /
Method topographic map photographs Cross-section analysis with

high resolution DEM and GIS

Narrowing / screening of hazard ar-

Same as left-mentioned method,

Assessment result will be more ac-

eas for detailed (3) Field investiga-|narrowing / screening of hazard ar-|curate than the left-mentioned
tion eas for detailed (3) Field investiga-|methods
» Hazard area of sediment disas-|tion » Hazard area of sediment disas-
ter » Hazard area of sediment disas- ter
i i Lo 2t » Reaching area / distance of soil ter » Reaching area / distance of soil
sessed mass / sediment » Reaching area / distance of soil mass / sediment
» (Areas where serious danger mass / sediment » Yellow / red zones (designated
can occur [i.e. assumed yellow|> (Areas where serious danger dangerous area)
/ red zones]) can occur [i.e. assumed yellow
/ red zones])
Major » Topographic map (1/2,500 -|> Ae:ria! photograph (Optical sat- | > $urvey results by the left men-
Necessary 1:25000) ellite image) or DEM tioned methods
» Geological map » Stereoscope (equipment) » High resolution DEM (Such as
Data » Past disasters record 5m-DEM)
® Simple method only by basic|® Simple method only by easily|® Field investigation contributes
data (topographic map) and dis- obtainable simple aerial images detailed / precious assessment
aster record ® |t can read/ extract a lot of dan- for various scales
® Inexpensive gerous spots spread through a|® High resolution DEM enables to
X Local-scale visual judgment is wide area interpret  dangerous  spots,
required X It requires some experience / which cannot be detected by
X Credibility and accuracy of the expertise and assessment re-|  topographic map
data affect the assessment re- sult depends on interpretation| X It requires actual field investiga-
. g sult skill tion
Cha;‘f;trirslstlcs X Field investigation is required| < Field investigation is required| X Since filed investigation shall
XConsi for accurate evaluation / setting for accurate evaluation / setting be basically conducted at the
of dangerous spot (yellow and of dangerous spot (yellow and extracted sites by the left-hand
red zones) red zones) methods, there is a risk to be
exempt from the target site de-
pending on the accuracy of the
extraction (Field investigation)
X Even though 5m-DEM is used
for the analysis, it is not always
the actual dangerous sites can
be detected
» This approach is used for ex-|>» Same as the left method, this|> Filed survey is conducted to
Deference from tracting the dangerous sites es- approach is used for extracting designate the Yellow / Red
Japanese meth- pecially for (3) Filed investiga- the dangerous sites especially zones
tion. Also, it has been adopted for (3) Filed investigation.
ods by World Meteorological Or-
ganization
» Japan » Japan » Japan
Exampl(.a/Coun- » Indonesia (Central Sulawesi) |» Mexico, ltaly and etc. » China
tries » USA (Washington) etc. » All over the world

“Visual judgment / field investigation by expert / specialist” is the fundamental and major methods to
conduct hazard assessment for sediment disaster, and it takes “steady work”. However, there is a pri-
mary method of sediment disaster hazard assessment using DEM data, especially for “debris
flow” and “steep slope collapse’ (Hazard assessment for landslide requires a professional judgement
by expert / specialist). Therefore, Chapter 3 and Chapter 4 explain how to conduct the primary hazard
assessment for debris flow and steep slope collapse.

The simplified hazard assessment conducted in this project is based on topographical data, and
geological conditions are not used. Therefore, the locations assessed for hazards will require valida-
tion through field surveys in the future, as well as re-evaluation / review considering items not included
in the assessment conditions of this simplified method, such as geological conditions.




Sediment Disaster

Simplified

-

Detailed

Methods of Hazard

Assessment

(1) Visual judgment with topo-graphic map

(2) Interpretation of aerial photographs
(Sabo foundation map)

(3) Field investigation / Cross-section analysis with high
resolution DEM and GIS
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Planning of countermeasures and Evaluation of its effects

Hazard area
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Adequate / Sort of accurate

Adequate / Relatively accurate

Sediment foot

Conditions &
Characteristics of the methods

Required data

Not many (Basic information)

Not Many (Utilization of aerial imagery / DEM)

1
S
g g print Adequate / Less accurate Adequate / Sort of accurate Adequate / Relatively accurate
@ 2 |Designation of
@ hazard area ) ) Adequate
<« Other basic i i [A] Adequate
information [Land use, building / household info., detailed landform, past sediment movement]

Not many (High resolution data)

[Majordatel [Topographic / Geological map and Past disasters records] [Aerial photograph (Optical satellite image) or DEM, Stereoscope (equipment)] [Survey results by the left mentioned methods, High resolution DEM (5m-grid)]

Required
techniques Not difficult — Need some experience / expertise Little difficult — Need some experience / expertise Not difficult — Need some experience / expertise

Cost: [A], Work: Cost: [B], Work: Cost: [C], Work:
Cost/ y . = . :
Effort(Work) Cost: Not much Cost: Depends on the aerial imagery Cost: Needs survey to confirm hazard areas
Work: Takes time and effort Work: Takes time and effort Work: Needs survey to confirm hazard areas
Accuracy Relatively inaccurate Sort of accurate

(Depends on the accuracy of the topographic map and interpretation skill)

(Mostly depends on interpretation skill)

Relatively accurate

Other major
characteristics

x  Credibility and accuracy of the data affect the assessment result

® It can read / extract a lot of dangerous spots spread through a wide area

Since filed investigation shall be conducted at the extracted sites by the left-hand
methods, there is a risk to be exempt from the target site depending on the
accuracy of the extraction. Also, even though DEM is used for the analysis, it is
not always the actual dangerous sites can be detected.

A:

O
=]

od,

B: Average,

C: Poor

Figure 1-3 Summary of the major methods on sediment disaster hazard assessment




Chapter 2. Preparation of a Fundamental Data

DEM data is used to calculate a flow direction, flow accumulation and slope and so on. There are
many options of free DEM data, such as ASTER GDEM, HydroSHEDS, SRTM3 and the GTOPO30
as mentioned below (refer to 2.1 4)). If you already have a DEM data, you can also use it.

How to download and prepare a DEM, flow direction / accumulation
and slope using ASTER GDEM (section 2.1) is explained hereafter. if you

have some available DEM data, you can skip some of the instructions below.

Major preparation steps are as shown below. The detailed instruction of each step is shown in the
following sections, especially “With ASTER GDEM?” and “With HydroSHEDS” (depending on the

data).

1)
2)

3)
4)

5)

6)

7)

“Mosaic” [Merge the downloaded DEMs]

“Create a rectangle polygon to ‘Extract / Clip’ the above mosaic DEM”
[Rectangle polygon to cover all the area, Viti Levu Island / each river basin, including the river
mouths and alluvial fans based on the HydroSHEDS’ watersheds or any shape files]

“Extract / Clip by mask” [Extract “1) Mosaic DEM” by mask, “rectangle polygon”]

“Fill” [Fill (“ArcHydro > Fill”) the above extracted DEM]

[In case of the QGIS, “Click on Processing > Toolbox > SAGA > Terrain Analysis > prepro-
cessing > Fill Sinks™]

“Flow direction” [Make a Flow direction (“ArcHydro > Flow direction”) using the above
filled DEM]

“Flow accumulation” [Make a Flow accumulation (“ArcHydro > Flow accumulation”)
using the above filled DEM and flow direction]

“Con” [Convert Flow accumulation to stream (“Spatial analyst > condition > con”) using the
above flow accumulation]



|C0nsiderati0n: DEM / Calculation Grid Size{

Calculation grid size shall be set appropriately in order to reproduce the actual phenomenon con-
sidering gradient in the flood plain. Figure 2-1 shows the difference in the calculation results with
250 m-grid and 50 m-grid.

)

: o O g 2 Y N
alculation result with 50 m-grid in flatland

i

B <0.5m R B <0.5m

0.5m - 2.0m 0.5m - 2.0m

B 20m< r B 20m<

- = N ; § it
= i

i == . Ay ot v
- " / -

Calculation result with 250 m-gfid in steep stream
Source: http://www.hrr.mlit.go.jp/river/gsiryo/

o

Calculation result with 50 m-grid in steep stream

Figure 2-1 Comparison of the difference in the calculation results with 250 m and 50 m-grids

Finer grid size shall be applied in case that the flood plain is steep, since elevation difference among

adjacent grids will be higher if the grid size is wide. Advisable elevation difference among adjacent
grids is less than 50 cm.

n500m
250m

Figure 2-2 Schematic diagram of relation between grid size and elevation difference



2.1 Preparation of DEM (ASTER GDEM), Flow Direction / Accumulation and Stream
1) Free digital elevation model (DEM) data is available on the website below.

https://ssl.jspacesystems.or.jp/ersdac/GDEM/E/index.html

/ lon Mo(ie] (GDEM\
et fnﬂg -y
Overview Features Notes Information
Japanese

Distribution web site is renewed.

Distribution of ASTER GDEM ver.3 is started.
ASTER Water Body Database (ASTWEBD) is released.
Data policy change to Public Domain.

ASTER Global Digital Elevation Model (ASTER GDEM)
~ Easy-to-use topographic information of the global terrain~

The Ministry of Economy, Trade and Industry of Japan (METI) and the National Aeronautics and Space
Administration (NASA) are collaborating on a project to develop ASTER Global Digital Elevation Model (ASTER
GDEM), a DEM data which is acquired by a satellite-borne sensor "ASTER" to cover all the land on earth.

What's New

2020/03/25  About Out of Service of ASTE GDEM Distribution Site.
Because of moving the server room, the operation of ASTE GDEM Distribution Site is difficult.
Announcement about re-open will be noticed in the middle of April 2020. We are sorry about
inconvenience.

2019/08/06  Distribution of ASTER GDEM ver.3 is started.
ASTER Water Body Database (ASTWBD) is released.
Data policy change to Public Domain.




2) You’ll find the world map as below. Then, zoom in on Fiji.

STER GDEM (=

ASTER Global Digital Elevation Model

Map Coordinate

% 1 [ AreaSelect / Deselect Enlarge Selection x Shrink Selection [ Display Tiles = &) World Map
1. click [§

button and move the cursor to
your download area.

2. Select the area by dragging
from the upper left to lower
right on the map.

Selected tiles in the area will be
highlighted in yellow.

3. Selected tiles can be

download using the

button.

Tiles for download 0
. B
Cursor coordinate N43E030 ‘4_5

ASTER GDEM

ASTER Global Digital Elevation Model
Map Coordinate : : : Enlarge Selection : : Shrink Selection Hide Tiles \g World Map

Download_S19E177
Download_S18E177

Download_S19E178
Vonua
Levu

Download_S18E178

Tiles for download 4

Cursor coordinate S20E177




4) Unzip the downloaded DEM data. DEM data has 2 types of data, “ASTGTM (Aster GDEM) and
ASTWBD (ASTER Water Body Database)”.

| M = | Download_S18E178 — ] X
h-bh | #E BT @
e ¥ gIYERY 1 T UNFA T - T a5 AT EE
» u p EUE x i B HLWFATL @ E¢ - HHIneER
il JSADTE- 1 va-rhyk~ S & 10 R
DAYTFIUR - YR w o o BESE Pk HB EED B Wt S T | e
Al [ ¥3—thy boBEY gl i) b EE 2B ERoyYER
HUvTH-K =B g 14 =R
1T > Download_S18E178 v | D O Download _S18E178Mi&%
£ ARl ExHeE ZEE H4X
s 91yh FPoER
e —— " &5 ASTGTMV003_S18E178.2ip 2019/07/23 2233 ZIP 7741 10,150 KB
. &5 ASTWBDVOD1_S18E178.2ip 2019/07/23 2233 ZIP 7741l 125 KB
¥ F9v0-F » )
G Download S18E178.1 2021/05/18 14:58 ZIP 7741l 10,274 KB
B ture 5 ASTGTMVO003_S18E178 2021/05/18 14:59 740 AT~
WRETTI.QR * ASTWBDVOO1 S18E178 2021/05/18 14:59 I74 ) AT~

Both ASTGTM and ASTWBD consist 2 files. Formats of both data are as follows. Basically, we
will use “ASTGTM.... dem.tif” data.

Format of ASTER DEM
File Name(Example of ¢ ASTGTMVO003_ N35E135_dem.tif ) ASTGTMV003_ N35E135_num.tif
e R DEM data QA plane data
135E 136E 135E 136E
36N N 36N N
W W
(o)) (o)}
o o
— —
T, o
X P
o ®
35N | 35N |
3601pixel - 3601pixel
Output format GeoTIFF, signed 16 bits GeoTIFF, unsigned 8 bits
Geogfaphlc Geographic latitude and longitude
coordinates
Tile Size 3601-by-3601 pixels (1-by-1 degree)
Posting interval 1 arc-second
1m/DN referenced to the WGS84/EGM96 .
: s i Stacking number or reference DEM
DN values geoid-9999 for void pixels, and 0 for sea p 2
(Refer to Table3 in User Guide)
g/vater body /
North 83 degrees to south 83 degrees, 22,912 tiles
Coverage

(1-by-1 degree) without tile shows ocean area

*The detail is described in User Guide.
*Here is the ASTWBD format.
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Outline of ASTWBD

* ASTWBD shows the water area and its elevation with the same area and format as GDEM.
* The water area are classified to sea, lake and river.

Format of ASTWBD
File Name(Example of ASTWBDV001_N35E135_dem.tif ASTWBDV001_N35E135_att.tif
N35~ 135~1
el Elevation of waterbody Classification of waterbody
135E 136E 135E 136E
36N 36N \
w w
D D
o o
= —
© S,
x x
(L ®
35N 35N !
3601pixel ~ 3601pixel
Output format GeoTIFF, signed 16 bits GeoTIFF, unsigned 8 bits
Geographic - .
coaTdinates Geographic latitude and longitude
Tile Size 3601-by-3601 pixels (1-by-1 degree)
Posting interval 1 arc-second
1m/DN referenced to the WGS84/EGM96
DN values geoid-9999 for land and void pixels, and 0 | Land:0, Sea:1, River:2, Lake:3
for sea water body
Coveriae North 83 degrees to south 83 degrees, 22,886 tiles
g (1-by-1 degree) without tile shows ocean area

*The detail is described in User Guide.

Even though there are some other free available DEM data, Aster GDEM is the latest and the
posting interval is finer than other free DEM data, such as SRTM3 and the GTOPO30. *The
DEM data might be updated. SRTM3 provides free 30m-posting-interval data as of 2022.

Comparison with other DEMs
10 m mesh
ASTER GDEM SRTM3" GTOPO30™ agial
elevation
data
Data From organizations 1:25,000
ASTER Space shuttle radar around the world that topographic
source
have DEM data map
Generation
and METI/NASA NASA/USGS USGS GSl
distribution
Release  |2009~ 2003 ~ 1996 ~ 2008~
year
Data
acquisition |2000 ~ ongoing 11 days (in 2000)
period
Posting 35m 90m 1000m about 10m
interval
DEM
accuracy |7~14m 10m 30m 5m
(stdev.)
DEM 83 degrees north ~ 83 degrees 60 degrees north ~ 56 Global Japan only
coverage [south degrees south
Area of Areas with no ASTER data due to |Topographically steep
missing constant cloud cover (supplied by |area (due to radar None None
data other DEM) characteristics)
in 2009

*SRTM3: Shuttle Radar Topography Mission Data at 3 Arc-Seconds
**GTOPO30: Global 30 Arc-Second Elevation Data Set
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5) Now, we will move to the GIS. Place the downloaded DEM data in your GIS folder. And add the
“....dem.tif” data in the ToC (Table of Contents) of the GIS.

@ vitiLevumxd - ArcMap = o X
TR REE 'RV TYIV-7B) BAN) BRE) IATOEIVIG) NAIRAXQ  DMIFIW)  ALT(H)
De8Es B % o o | b ([r280877 V] DR E @O 388 % g ¢ 20Analyst~ z & "
BRARMQ IR -0k e pel . ) ;BIOSE BB N | BRMB ISR B
Y B X ArcToolbox 2 x L P, Pl L L P 7. L P, 10 T, 12, 15, (4, ('S, |15, |7, (16|15 |[;#e0g B x 3
E!.Jvm ] @ ArcToolbox PR Y IE % | = <
5 S Layers @ @ 30 Analyst U-Jl B 8 ASTGTMV003 S18E178 demif miE
@ @ Data Interoperability Tools : =
@ NDMO 2 @G ticol At Took = B T~k - 056_I1IBE¥GIS NDMO =
@ O Infrastructures Affected by Flood = Costatzstical Arolyst Tools 8 B PotaSonc B
i urce
| @ @ Network Analyst Y-Jl o
@ O Province Skl i, . - - @ EJ ShpData ;
@ [] HOT-SPOT DENSITY = °:"";" b =] & B3 74-Aster GDEM b
@ [0 Districts N fescing Arlyst 9 ] “?E;""J (D)E““E" o 3 Download S18€177 =
@ O VitiLevu @ @ N-+7521 91y 2] | ESUDERONE RERS = £ ASTGTMVO003_S18E177 &
5 @ AsterGDEM o = Lo J 5 @ ASTGTMVO003_S18E177_dem.tif
= @ ASTGTMVo03 S18E177_demtif || 2 ® @ ASTGTMV003_S18E177num.tif (@)
P |e® R @ £ ASTWBDVOO1_S18E177 ¥
%:129 | @ @F-5ERY-I = © B Download_S18E178 =1
5 @ K-t 277Y97 v-I ol = £ ASTGTMV003_S18E178 =)
o o @ TWFFORTE 91 = Y |storvocs siseive e RS
o @ @ ASTGTMV003 S18E178num.tif |4y
= ] @ [ ASTWBDVOO1_S18E178
r =
E.. RIS A=V 9N 1 # EJ Download S196178
Nz 5 =l 2 @ § A-GDEM_Mosaic_Viti_Ume.tif
& | = -l ] ® ) AGDEM_Mosa Viti.tif
i ® ] @ 8 MosaicA-GDEM Viti.if
4 #  HotSpotDensity_FloodProneAreasVITILEVU.pr
% [J AGDEM_Mosa_Viti.tif = Q)] vitiLevu.mxd
@ [ ASTGTMV003_S18E177_dem.tif 1 =i} B
@ [ ASTGTMV003_S18E178 dem.tif || = @ E
@ 1 ASTGTMV003 S19E177_dem.tif || L1 5ers¥Q70135¥Desktop¥oo R F X RIS
@ [ ASTGTMV003 S19E178_dem.tif ] cyRis
w0 D:¥
] Dk 8 _20160607/(57 79T
e D:¥kt§5K_20160607/( 7 7 7¥38_F B _160¢
1 £ D:¥530-0651_JEF VT 1)l A E
|
| S

6) Viti Levu are consists of 4 dem.tif data, SI8E177 & 178, SI9E177 & 178. Therefore, now we
combine / merge them into one Raster data set. Search a command, “Mesaic to New Raster” on
the ArcGIS, then set the parameters as below. Pixel type can be “signed 32 bit”.

I., F#E IAF-|CEH 14 (Mosaic To New Raster) = O b4

AhF28- FAR—OTERIERE (47
| < @ EW)|

ENZ28- 7Sy OER
Foo AFELIILVESIE, S HER
FIEEREMERAINE T,

" NDMO¥AsterGDEM¥ASTGTMV002 S18E177_dem tif
NDMO¥AsterGDEM¥ASTGTMW002 S18E178_ demtif
NDMO¥AsterGDEM¥ASTGTMVOD3_S19E177 demtif
NDMO¥AsterGDEM¥ASTGTMV003 S19E178_demtif

B
[CHEERE¥056 7 TBHEHGIS_NDMO¥ 73 —Aster GDEM |

38— 7=ty kg (RF)

[ A-DEM_Mosaic_vititif

-
SAR—(DZERREEE (A 703
\ I
EHEIL 54D (A2
[32_BIT_SIGNED v

b YA @FF30)
|

I Ik I
| 1

YA AAL-8- (FTFa)

[LAsT v
40 H5-397 K (#F3l)

[FIRST -

OK e gL K ANTEIRFT =k AN

*If the ArcGIS shows any errors on processing commands, it is better to do on a new map
(simpler ToC) / simpler directory / file name / coherent coordination.
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7) Extract only the Viti Levu Island from the combined raster. Search a command, “Extract by Mask”
on the ArcGIS, then set the parameters as below. *Caution: Shape files of “Viti Levu” or
“coastal line” might not be suitable to use as a mask, since the some river mouths and
alluvial fans might not be covered. In that case, you might create a rectangle polygon.
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8) Fill the “low-lying depression” points. If there are low-lying depression points, flow direction
gathers towards those points and there is no way out of the flow. It will cause a calculational error.
Search a command, “Fill” on the ArcGIS, then just set the input raster data (in this case, above
extracted DEM raster data) and output raster data.

9) Create “Flow Direction” raster. Search a command, “Flow Direction” on the ArcGIS, then set the
parameters as below using the “filled + extracted DEM raster data” created in 8).
e
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10) Create “Flow Accumulation” raster. Search a command, “Flow Accumulation” on the ArcGIS,
then set the parameters as below using the “Flow Direction raster” created in 9).
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11)

As you can imagine, smaller value of flow accumulation indicates small stream and bigger value
indicates bigger stream. Here, any streams above threshold value / level will be considered as
a stream in order to conduct debris flow hazard assessment. The threshold value is set as
“72” here (in case of the 30m DEM¥). Search a command, “Con” on the ArcGIS or Spatial
analyst > Condition > Con. Set the condition as below. Optional condition expression is used here.
Directly type the formula, such as Value >= 72. Flow accumulation data will be the input raster.

*IMPORTANT: The threshold value shall be changed depending on the value of flow
accumulation. Especially if the finer / much higher resolution DEM is used, it will result many
streams will be identified / created than the ones created using rougher DEM. Along with that,
the values of flow accumulation will increase. So, if 72 is used for the condition expression for
“Con” in this case, so many tiny streams will be created and it won’t be appropriate. Therefore,
bigger value shall be used for the condition expression determining the value by trial-and-
error. In case of the AW3D 0.5m for Suva area, condition expression can be set as “Value
>=30000" based on the trial-and-error calculation.
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Chapter 3. Primary Hazard Assessment of Steep Slope Collapse

1) Asmentioned in the 1.2, steep slope collapse often occurs on slope of >30° and the height of >5m.
Therefore, slope / gradient shall be checked using the GIS. Search a command “Slope” on the
ArcGIS or Spatial analyst > Surface > Slope. Set the condition as below. The symbol of the slope
shall be adjusted as below (classification / gradation, 5 classes). Here, warm colors (orange, dark
orange and red) indicate the more than 30-degree slope and it is considered as a hazardous area

of steep slope collapse.
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2) To do the procedures below, you need to convert the raster data (slope) to the vector data (here,
convert to a polygon). But, the command of “Raster to Polygon” works for the cells whose values
are integer type. Since the slope raster is composed of the real numeric type, you need to convert

the real numeric type raster to integer type one.
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3) Option 1. If you cannot use Spatial Analyst or 3D Analyst — After the decimal point might
be ignored / rounded

Search a command, “Copy Raster” on the ArcGIS or Data Management Tool > Raster > Raster
Data Set > Copy Raster. Set the input raster as the “Slope” raster, and set the place / folder to
output the converted raster data. You need to select the pixel type.

#, FAF-0IE- (Copy Raster) — O X
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4) Option 2. If you can use Spatial Analyst or 3D Analyst — Rounding off the decimal point

Search a command, “Plus” on the ArcGIS or Spatial Analyst > Numerical Operation > Plus.

3
y, Plus

— O X

ANZAS—, FEIEHIE |

|Sediment_Disaster¥Slope_Collapse¥ADEM_Slope_fingle > B
ANZAE-, FHIELE 2

75 s
EHhz25—
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0K Fyotrll IFig.. A IEFT 2>

Then, search a command, “Int” on the ArcGIS or Spatial Analyst > Numerical Operation > Int.
Set an input raster as the one created above by the Plus command.

#, Int - O X
ANS—, HHITEEE 1
|ﬁDEM_SFope_ﬁngle_PIusﬂ_S.tif :J E
WHAH—
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0K et IR AVTEFT >

5) For both options. Now the Slope raster is converted as the Integer type, so you can convert the

Raster to Polygon. Search a command, “Raster to Polygon” on the ArcGIS or Data Conversion
Tool > Conversion from Raster > Raster to Polygon.
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6) Extract the slope of >30° by “Select By Attributes”. Then, right click on the polygon data and
Data > Data Export > Export Selected Features.
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7)  Extract the household / building with in 50m buffer of the slope of >30° by “Select Layer By
Location”. The target layer should be “Population Census” and the source layer should be the
above extracted slope polygon. You need to set the “search distance” as 50m. Then, right click
on the Population Census data and Data > Data Export > Export Selected Features.
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Below mentioned areas can be assessed as sediment disaster hazard and be set / designated as

Yellow / Red zones in Japan. This basic method

of visual judgment for debris flow and steep

slope collapse hazard evaluation is adopted by WMO and published as a guideline’.

Since the assumed affected area (= yellow zone and red zone) of steep slope collapse are consid-

ered as “within 50m at the bottom end of the slope

” and “within 10m at the top end of the slope”,

the above buffer area of the slope as set as 50 m. In the case of a debris flow, the flow direction

of the debris flow will form a fan-shaped area with

an angle of approximately 30 degrees centered

on the valley exit. However, this project does not take that into consideration.
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Example of sediment disaster hazard map in Japan
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8) For making buffer, search a command, “Buffer” on the ArcGIS. Set the input / output features

and the distance of buffer as S0m.
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Integrated Flood Management Tools Series No.12 — Management of Sediment-Related Risks, 2011, World Meteorological Organization,
https://www.floodmanagement.info/publications/tools/APFM_Tool 12.pdf
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9) Now you will check the slope is more than 5Sm in height. You can count how many contour lines
are in the each slope polygon. Here, you can use the “10m Contour line”. First, you need to do
“Select Layer By Location” and search the slopes in the 50m buffer of the households / buildings.
Then, right click on the slope polygon data, which is set as the target layer, and Data > Data
Export > Export Selected Features.
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10) To count the contour lines in the each polygon, you do “Spatial Join”. Right click on the above
extracted / exported slope polygon (within 50m buffer of the households / buildings) > Joint and
Relate > Joint > Spatial Join. Set the joint layer as the 10m contour line, and set the counting
measure as “‘sum”.

11) After the Spatial Join, you can check how many contour lines are in the each polygon by checking
the attribute table. “Count_” shows the number of the contour lines in the polygon. Then, you do
“Select By Attributes” and select the polygons which has less than 1 contour line.
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12) Even though the height of the polygons which have only 1 contour line can be more than Sm, we
will exclude those polygons. Or maybe you can check whether we should exclude the polygon,
which have 1 contour line, one by one. The figures below shows some of the examples of the
polygon which can be excluded.
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13) After selecting the polygons which has less than 1 contour line, “Select Layer By Location” again
and search the slopes which overlap with the slopes selected by “Select By Attributes” on 11).
The target layer should be the polygon created on 7), “Polygons / slopes in 50m buffer of the
building”, and the source layer should be the polygon created on 10), “Spatial Join”. Make sure

to tick the “selected features”.
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14) Open the attribute table of the polygon created on 7), “Polygons / slopes in 50m buffer of the
building”. The polygons selected by “Select Layer By Location” are highlighted. Now click the
“switching the selected set” on the attribute table, then right click on the slope polygon data, and
Data > Data Export > Export Selected Features.
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15) Continue the procedures 7) and 8). Then, now you have the households / buildings within 50m
distance of the slope of >30° and the height of >5m.

16) Same as the household / building, check the major roads or infrastructures within 50m buffer of
the slope. Regarding the major roads, the slope within the 50m buffer of the major roads will be
extracted. Light blue highlighted parts in the below right figure are the steep slope adjacent to the
major roads.
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17) You can do the same procedure to check the slopes near the important infrastructures, such as
health facilities, evacuation centers, and lifeline facilities and so on.
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Chapter 4. Primary Hazard Assessment of Debris Flow

1) Debris flows are phenomena in which sediments on mountain streams and mountainside slopes
become unstable during heavy rains or earthquakes, and flow down as turbid flows. Generation
source of debris flow can be around / more than 10-degree slope (it can be 15 - 20°), even though
it depends on the condition of the sediment.

2) Therefore, more than 10-degree slope will be extracted as a potential generation source of debris
flow utilizing the above prepared data. Add the attribute of slope (prepared in the Chapter 3) to
the stream prepared in “2.1 11)”. Search a command, “Con” on the ArcGIS or Spatial analyst >
Condition > Con. Set the condition as below [replace the indicator of the stream “1” with slope
(prepared in the Chapter 3)]. The symbol of the slope shall be adjusted as below (classification /
gradation, 5 classes).

#, Con = O X
ANE#SAS- AR
- - - - = =
|Sediment_Disaster¥ ADEM_FlowAcc_Viti Con72if =l | BEIOR BB (e 7013
B e e W E W) false) FRT I HSAH—.
[Value = 1 =
| | I ST ST
ST TRUE QEEQANIAS -, HAEE(E bELERA.
|Sediment_Disaster¥ADEM Slope_Angle ~ &
ST FALSE QEEQANISAR— FTEEE (#7230
[ =
Hh3am-
[C¥ERI¥056_74 JBHE¥GIS NDMO¥ 7.1 —Aster GDEMFADEM FlowAco Viti GonSlope 2 \
OK R IR L ANTEIFRT W=lb AT
@ vitiLevu_Ume2.mxd - ArcMap - X
T7MF) REE BRV) 7'777’715) #wAN BRSO IATOEIVIG) NAFVMAQ  MUFIW)  ALT(H)
NeEs Bxo T vﬂgmgam SO Dy . .
@ QR[N Q355 18- T %0 = nrr ® @0 e 1008 BBy IFO-R- =
Y 2 x 7 =
[&] 808 g
@ O FilliomContour_ume ~
5 O AccConSlope_BufExtDel
grid_code

* 0.000000 - 2.000000
2.000001 - 10.000000
* 10.000001 - 30.000000
* 30.000001 - 45.000000
 45.000001 - 999.000000
@ O AccConSlope BufExt
= O AccConSlope
grid_code
* 0.000000 - 2.000000
2000001 - 10.000000
* 10.000001 - 30.000000
* 30.000001 - 45.000000
® 45.000001 - 999.000000
& [ DebrisFlow_Ume
iz}

2080 [qosu | (3o B[ wrkicesy

@ [ Population_Census_2017_50mBuf
-2
<t &>
0 - 15 degree
[ 15 - 30 degree
[ 30 - 45 degree
I 45 - 60 degree
I 60 - 75 degree
- ADEM_FlowAcc_Viti_Con72.tif
-
= [] ADEM _Slope Angle
0 - 15 degree
[ 15 - 30 degree
[130- 45 degree
[ 45 - 60 degree
I 60 - 75 degree
@ [ WRIAquedect_GlobalFloodMap
@ O NDMO
@ O BaData2012
® 0 FMS
@ O RRIResults
@ [0 FlowPoint WGS
@ [ FlowPoint WGS_35M
© M Mal and

177.553 -17.681 E(10:€)

25



3) Streams with slope-attribute are needed to be converted to a point data to identify the potential
generation source of debris flow. Search a command, “Raster to Point” on the ArcGIS or Conver-
sion Tool > Conversion from Raster > Raster to Point. The symbol of the slope shall be adjusted
as below (classification / gradation, 5 classes) again. You might utilize the layer data,
“AccConSlope.lyr” by importing the layer for adjusting the color (property of the shape
file > Symbol > import).
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4) Streams which are close to houses / residence shall be extracted since there are enormous streams
in the country.
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5) Streams are extracted utilizing the “Population_Census_2017 (GIS point data)”. First of all, make
the S0m-buffer of the population census 2017. Search a command, “buffer” on the ArcGIS and
set the condition as below.
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6) Secondly, conduct spatial search with the above created 50m-buffer. Target layer shall be set as
“AccConSlope” and the source layer shall be set as “Population Census 2017 50mBuf (above
created buffer shape file).
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7) Selected stream points are the streams within SOm-buffer of the residence. Therefore, export the
selected features right-clicking on the “AccConSlope” (right-click > data > data export > export
only the selected features).
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8) It will be like as the figure below after export the selected steam points. *Extracted stream
points just INDICATE “they are the target streams” (some stream points where there is
no resident were eliminated). However, “AccConSlope” shall be still used for identifica-
tion of potential generation sources of debris flow.
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9) You might delete some more stream points by “Editor” especially in the low-lying areas, where
there is less risk of debris flow, before identifying the potential generation sources.
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10) Now we’ll move to a manual identification / judgement. *Once again, the extracted streams
prepared in “Chapter 4 7)” is used only for checking location of the target streams. And
the whole stream points, “AccConSlope”, shall be used for identification of potential gen-
eration sources of debris flow.
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11) We need to identify “potential generation sources, start point of debris flow” and “end point of
debris flow”. There are criteria for both points.

Start point

A) Changing point of the slope / gradient, “More than 10 degree (red points)” to
“Less than 10 degree (green points)”. Starting from the upstream green
point.

End point

A) Changing point of the slope / gradient, “More than 2 degree (green points)”
to “Less than 2 degree (blue points), and it needs to be 3-consecutive blue
points”. And it needs to be Starting from the upstream green point.

“«“

B) End of the community / residence (if there is no more residences in the down-
stream) or at the confluence point of a major river / main river channel

“B) »

End point
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12) Area / polygon to cover the all the stream points starting from the above identified start point to
the end point shall be drawn by “Editor”. “DebrisFlow_Area.shp” is used for drawing the area.
You need to start editing and create features. Save the edit once you finish drawing the debris

flow areas. Save the edit often to avoid lost production time by forced termination.
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13) You will often find unclear areas to identify the debris flow hazardous area like as below. You
should refer to the “Creeks / Streams / Rivers polyline data”, “‘contour lines” and the “base
map / satellite image”, and “topographic condition”. Some streams DO NOT match the
base map / satellite image because the streams are created based on the 30-m DEM data.

It is left to the judgment of the individual.
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IMPORTANT Tips / Point to be checked

1) Check which side will be upstream / downstream (Higher elevation to lower el-
evation).

2) Check whether the source / start point of the debris flow is mountain / hilly or
flat area. When you find the red points in the upstream and if it’s in the flat area,
you should NOT consider those points as the start point.

- : I"hoselareaslarejnotavery mountain-
2 v - - -
Rous'/jhillyfarealconsidering the con-

L—— =
gtour.lines and base map?
Not'inecessm?tﬁcansider as debris
- - .

B flow hazardous

3) Compare / check the slope points and creeks / river polylines with the base map
/ the satellite image.

@ Vietow Ume ot - Ao °
AN S0 A 22T A 8BRS TN/ /AG ARV 2P AN
YEES L8 x - un HEEEED =0y
RAMN0 il e @5 0O/ DALY TDY
I . x
Qo8 U

““Downstream . . .

5P
A

4

Upstream

-

a

andl o

LR Y

There is no slope points but there is a creek. ' \ Creeks.hp"o‘l‘\_"l:lwn‘es
You can refer to the slope gradient to judge the start point of the debris flow,
however you need to draw the area following the creeks polyline and checking
the base map / the satellite image.

Some points (streams) DO NOT match the base map / satellite image or the creeks
polylines because the streams are created based on the 30-m DEM data.
You need to create the area based on the base map / satellite image or the creeks.

4) Check whether the building along the creeks seems a residence building or a
shed.

5) Basically targeting the creeks which the headstream is located in the mountain /
hilly areas.

33




@ vitiLevu_Ume2.mxd - ArcMap - a X
I7MD REO BRY TI-I@ RAD EBRO IAT0EYVNG MRIVAXQ HUEIW  ALTH)

Oeg@s Bxocd-om V| EEESD o 88 B 5 | 20 Analyst~ | ADEM Flowhce Vit ConST] B 9o L B 2112 1@ @ g i1 W1 <l o - 8
QAR QI € -5 K@ ZIAEHR RIg:@DHD = 5 §1% I B TR 1. % | -
5y + x DR 5 b
EER el @I ArcToolbox ~ }
g Layers A]| @ @ 3D Analyst U-JL \
& B Contour tif1 ® & 3D I1-Fr
@ & CityEngine
m § F-IEE

@ O Major Roads_polyline
£ B Sediment Disaster
© @ Landslide_LanLot_rev

m & MSA7VIN$-T12
w & T7YIY3Y $-712
® & 525-%-712

a6l o fl| (i r B[ wcaiy

P @ & 525-0n :
2 & 525 SRR QY O A
& O AccConSiope BufbxDe 0 i channel as well “Also the points are not 10c
grid_code 5 & TR 2 o o T T T e
+ 0000000 2000000 -y : v_slope referring to the contour lines. This area w
* 2000001 - 10.000000 & @ Data Interoperabilty Tools 2 AN S D e i T AN il e
3 acoem - o000 & @ Geostatisical Anayst Tools t be considered as the debris flow hazardous area.
* 30.000001 - 45.000000 >
AN @ @ Network Analyst -l : X ; / A Ay .
00000 & @ Spatial Analyst Y=Jl,
@ O AccConSlope BufExt = ‘ A-K-Lq
@ @ AccConSlope g

& B DebrisFlow_U
g St e o & JTI5T
[ Population_Census_2017_50mBut @ § LIRF-vIsA

= @& V-y
@ [ ADEM_FlowAcc_Viti_ConSlope.ti s
= [0 ADEM_FlowAcc_Viti Con72.tif @& 3’7‘“’“’
- m § SAF-1ER
& & ADEM_Slope_Angle 5 & ”'12”’
I 0- 15 degree a&n
w & B48
{15 - 30 degree o s
[ 30 - 45 degree f:';z;*:
[ 45 - 60 degree “ E!! 4
I 60 - 75 degree 5§
@ [ WRIAquedect GlobalFloodMap
= @ NDMO
& M Riskinfo

] @ Population_Census_2017
O Evacuation_Centres
O Health Facilities
) O Govt Stations
O Faults
O Geology_1
) O SeismicActivities
[0 Hydro_Lines
1 M Hudro Areac N

BB8

EEEE®

178.342 -17.682 EE(10:8)

14) You should delete the stream points where you judged / decided not to set as a hazardous area on
the shape file, “AccConSlope BufExtDel”, by Editor (Editor > select the stream points you’ll
delete, then delete).
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Chapter 5. On-Site Validation

1) As mentioned in the “Chapter 1 Introduction”, since the simplified hazard assessment conducted
in this project is based on topographical data ‘geological conditions are not used), on-site valida-
tion is important. The followings are the examples of the site survey result. You should take
pictures, review the results of the desk study and finally organize the information like the
example.

2) Examples of tips / points to check are followings. You might interview to the residents about the
past landslide situation. It is important to note that just because there have been no disasters
in the past does not mean that disasters will not occur in the future. Also you might give
them a heads-up about landslides.

For Steep Slope Collagsgl

< Geological conditions|<> Ground surface condi-|<> Thickness of surface|<> Passed record of the
tions soil disaster occurrence

<~ Existence of overhang|<- Existence of spring|<- Distance from human

water activity areas
[For Debris Flow
< Trace of the debris,|<- Width of the streams |<- Relative height of the|<> Distance from human
such as stones / rocks adjacent buildings activity areas

/ cobbles, drift woods

Site survey for the debris flow & Steep Slope Collapse in the Ba River Basin

Basin
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Site survey for the debris flow & Steep Slope Collapse in the Rakiraki River Basin
¥ XY

55 Soeep Sone m St e soe s e St S i 0
| oA blfer ol onsabad sesizes 1o sx0zp s

etz _rmaa A

Project Outlir

Project Qut

Project Ou

Project Outfl
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3) After the on-site validation, the reviewed results should be reflected on the GIS information like
below. You can add the fields of “Validation” to distinguish between places that have been con-
firmed and those that have not (Here, the confirmed locations were distinguished by entering
numbers: “1” indicates the confirmed as hazard area, “99” indicates the confirmed as no
/ less risk area*, “0” indicates the area is not validated yet), as well as places that are dan-
gerous and those that are not. You can also add the field for the “Validation date”.

* To distinguish whether it was a previously judged area or an oversight, it would be better to
make the data invisible rather than deleting it.
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