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SUPPORTING-H
HAZARD MAP AND RISK MAP BY GIS

1. INTRODUCTION

Hazard map and risk maps are one of the most important outputs of the Study. In order to
make these maps, Geographic Information System (GIS) has been introduced. GIS was also
employed for the Study to analyze the present conditions, to formulate a Master Plan for the
Study and to conduct a Feasibility Study on the Priority Project.

In the Study, basic spatia data of topographic and geological conditions, land use, hydrological
data and metrological data, the other relevant data have been collected.

GISis apowerful and useful tool for the Study to collect and store the data, and to organize and
identify related data. It is also used to support to wake a conclusion.

In the Study, GIS data has been developed using the software ArcView3 from ESRI Inc,.
ArcView3 is a very sophisticate software and has data capability with Arclnfo and many other
GISand CAD systems.

In this Supporting Report-H, the structure of the hazard map, the risk maps and other GIS
database made by the Study Team is described.

<Meritsand Demerits of GI S are described asfollows: >

(D)Merit

o Quick query o Print out o Paperless

o Digita datais not worn out o Data can be used for another system ete.
(2) Demerit
o Initial Cost o Data maintenance etc.

It’snecessary to maintain GI S data continuously after the Study!
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2. STRUCTURE OF GIS

2.1 GIS DATA MADE IN THE STUDY

The datainput in the GISin the Study are shown in the table below.

Table H.2.1 GIS Data List (1/2)

Gl S Data (feature type)

Sour ce and method to make data

Corresponding
Supporting Report

1.Target
Area

1/5000

1/10000

11  Digita
Mapping

01.All data mosaic (polygon, line)
Contour, Road, River

Capital building ,Water tank, Fence,
Dike etc

02.Contour 2001 line

03.Road (polygon, line)

04.River (polygon, line)

05.Annotation (symbol)

Airplane picture survey
( Orthophoto )

Supporting-A

1.2 Project

01.Project (line)

Supporting-F

1.3 Flood area

01.Cross Section (line)

river survey

Supporting-A

02.Flood area (polygon)
Without project
(5y.10y,15y,25y,50y, Mitch)

02.Flood area (polygon)
With P/P (Priority Project)
(10y,15y,50y,Mitch)

02.Flood area (polygon)
With M/P (Master Plan)
(15y,50y,Mitch)

plot flood area by the result of flood
analysis and contour

*1

03.Flood area and depth (grid)
Without project
(5y.10y,15y,25y,50y, Mitch)

03.Flood area and depth (grid)
With P/P (Priority Project)
(10y,15y,50y,Mitch)

03.Flood area and depth (grid)
With M/P (Master Plan)
(15y,50y,Mitch)

translate vector to grid
cell size 10m*10m

Supporting-C

1.4 Geology

01.Geology (polygon)

02.Landslide map (polygon)

03.Slope failure map (polygon)

04.Detrius (polygon)

05.0ther (polygon, line)

1.grond survey
2.map drawing
3.digitizing

06.Geology (grid)

07.Elevation (grid)

08.Slope (grid)

09.Aspect (grid)

10.Slope failure analyzed map (grid)

ltrandate vector (contour) to
grid(DTM)
2.caculate slope and aspect *2

3.caculate slope falure rank by
using geology and slope

11.Landslide damage area (polygon)

12.Slope failure damage area (polygon)

1.map drawing
2.digitizing

13.Landslide damage area (grid)

14.Sope failure damage area (grid)

trandate vector to grid
cell size 10m*10m

Supporting-B
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Table H.2.1 GIS Data List (2/2)

GlS Data (feature type) Sour ce and method to make data Corresponding
Supporting Report
1.Target | 1.5 Land use | 01.Colonia (polygon) 1.digitizing polygon Supporting-J
Area planning 2input  census data  (Pop,
Household etc)
1/5000 02.Build up area (polygon) ground survey and reading airplane
picture
1/10000 03.Present land use (grid) ground survey and reading airplane
Commercial, Forest etc picture
04.Land use planning (grid) grid overlay
cell size 10m*10m
2.Study 2.1 Watershed | 1-01Rain Station (point) 1.digitaizing rain station Supporting-I
Area 2.inputing rain bservation data
1-02.R Value map (polygon) 1.rain observation station
1/50000 : 2.make contour data.
1-03.R Vaue map (grid) translate vector to grid
cell size 100m* 100m
2-01.K point map (point) 1.digitaizing
2.inputing K data
2-02.K Value map (polygon) 1.rain observation station
2.make contour data
2-03.K Value map (grid) translate vector to grid
cell size 100m* 100m
3-01.Contour (line)
3-02.DTM (grid) translate vector to grid
cell size 100m* 100m
3-03.LS Value map (grid) 1.caliculation
4-01.Land use map (polygon) landuse map (1984)
4-02.C Value map (grid) translate vector to grid
cell size 100m*100m
5-01.Erosion map (grid) Overlay grid data
5-02.Micro basin (polygon) Digitizing
5-03.Micro basin (grid) trandate vector to grid
cell size 100m*100m
3.0ther 3.1 Bambu 01.Contour (line) 1/500 Ground survey Supporting-A
3.2 Reparto 01.Contour (line) 1/500 Ground survey
3.3 Pescado | 01.Contour (line) 1/500 Ground survey
Lake
3.4 Chortica | 01.Contour (line) 1/500 Ground survey
river
35 Water | 01.Water pipe (line) Digitizing Supporting-D
pipe
36 Drain | 01.Drain (line) Digitizing
network
3.7 Orthophto | 01.Orthophto  1/10,000 Airplane picture survey Supporting-A
Orthophto mosaic mosaic Orthophtos  1/10000

All data made in the Study is shown in Appendix H.
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*1 The method to make flood area map
Step1>Using water level by flood analysis
in every cross section, to plot flood boundary point.

Cross section No Water Level
C119 100
C120 105
C121 110

Step2>Using contour line, to connect flood boundaries.

Step3>Make polygon of the flood area.

Step2

Stepl
C119
120
C121
100
110 100 =
QO Flood boundary point
Step3

120

C121

120

C121

*2 The method to make slope and aspect map

(1)Slope map

The slope degree of 8 directions are calculated and the maximum slope is

selected for all cells.

(2)Aspect map
The direction of maximum slope is selected.

eight derections for
slope calculation
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2.2 STRUCTURE OF GIS DATABASE
2.2.1 STRUCTURE DIRECTORY

Structure of GIS Database made in the Study is shown in atable below.

Table H.2.2 Structure Directory

¥Shape ¥Target ¥DM.DWG 1-1-01
¥Contour.shp 1-1-02
¥Road.shp 1-1-03
¥River.shp 1-1-04
¥Annotation.shp 1-1-05
¥Project.shp 2-1-01
¥CrossSection.shp 1-3-01
¥without [¥5y.shp 10y.shp 15y.shp 25y.shp 50y.shp Mitch.shp 1-3-02
MwithPP  [¥10y.shp 15y.shp 50y.shp Mitch.shp
¥withMP [¥15y.shp 50y.shp Mitch.shp
¥geology.shp 1-4-01
¥L andslide.shp 1-4-02
¥SlopeFailure.shp 1-4-03
¥Detrius.shp 1-4-04
¥Fault.shp Bank.shp Anticline.shp 1-4-05
¥l andslide_damage.shp 1-4-11
¥SlopeFailure_damage.shp 1-4-12
¥Colonia.shp 1-5-01
¥BuildupArea.shp 1-5-02
¥Study ¥RainStation.shp 2-1-01
¥Kpoint.shp 2-2-01
¥Contour_100m.shp 2-3-01
¥L anduse.shp 2-4-01
¥MicroBasin.shp 2-1-04
¥Other ¥Bamboo.DWG 3-1-01
¥Reparto.DWG 3-2-01
¥Choluteca DWG 3-3-01
¥Pescado.DWG 3-4-01
¥WaterPipe.DWG 3-5-01
¥Drain.shp 3-6-01
¥GRID ¥Target [¥without |¥5y.grid 10y.grid 15y.grid 25y.grid 50y.grid Mitch.grid 1-3-03
¥withPP_ [¥10y.grid 15y.grid 50y.grid Mitch.grid
¥withMP [¥15y.grid 50y.grid Mitch.grid
¥without [¥5y d.grid 10y d.grid 15y_d.grid 25y d.grid 50y_d.grid Mitch_d.grid 1-3-04
¥withPP [¥10y d.grid 15y d.grid 50y_d.grid Mitch d.grid
¥withMP [¥15y d.grid 50y_d.grid Mitch_d.grid
¥Geology.grid 1-4-06
¥Elevation.grid 1-4-07
¥Slope.grid 1-4-08
¥Aspect.grid 1-4-09
¥SlopeFailure_analyzed.grid 1-4-10
¥l andslide Damage.grid 1-4-13
¥SlopeFailure Damage.grid 1-4-14
¥Forest.grid Commercial.grid 1-5-03
¥L andUsePlanning.GRID 1-5-04
¥Study ¥R Vauegrid 2-1-02
¥K_valuegrid 2-2-02
¥DTM.grid 2-3-02
¥Slope LS valuegrid 2-3-03
¥LS valuegrid 2-3-04
¥C value.GRID 2-4-02
¥Erosion.grid Erosion_Rank.grid 2-5-01
¥MicroBasin.grid 2-5-03
¥lmage ¥Other ¥Ortophoto ALtiff  Ortophoto A2.tiff  Ortophoto A3.tiff 3-7-01
Ortophoto_B1.tiff ~ Ortophoto_B2.tiff ~ Ortophoto_B3.tiff
Ortophoto_C1.tiff ~ Ortophoto_C2.tiff ~ Ortophoto_C3.tiff
Ortophoto_D1.tiff ~ Ortophoto_D2.tiff ~ Ortophoto_D3.tiff
Ortophoto E *OrtophotoM osaic.tiff
¥COMMON_AVL
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2.2.2 DIRECTORY OF SHAPE FILE

All of the shape files are saved in the directory “Shape’. Shape file contains spatial data
contains attribute data.

The directory “Common_AVL" is prepared for shape file that is commonly used in severa
thematic maps. The directory “Common_AVL”" is prepared for the legend file that is
commonly used in several maps.

2.2.3 DIRECTORY OF GRID FILE

Thedirectory “Grids’ is prepared for Grid datafiles.

2.2.4 DIRECTORY OF IMAGE FILE

Other directories are prepared for image files such as orthophoto image.

2.3 STRUCTURE OF GIS FILES

2.3.1 STRUCTURE OF SHAPE FILES
(1) Datatype

There are two types of datain GIS. One is the spatial map data and the other is the text base
attribute. The spatial map data keep location of features such as line, polygon, point and grid
with their XY coordinates. Spatial maps have only information on location, area or length.
These spatial data are saved in a shape file format in the world of ArcView3. Shape files
should have a single type of feature.

Another type of data is text base attribute such as name of river, the observation data of the
monitoring station and statistical figures etc. Any kinds of text data which explain the spatial
data can be added to the attribute table. These are saved dbf file format (attribute table) in
ArcView3.

Each shape file is dynamically linked with its attribute table. For example, the color of a
feature of shape file will automatically changes based on the specified legend when attribute
data is modified. Specific feature of shape file are automatically selected when some data is
queried in the attribute table. On the other hand, the attribute will be automatically queried
when the features on the map are selected by the mouse. The relationship between shape file
and attribute tables is shown below. A shape file corresponds to a attribute table one by one.
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Feature Attribute
Polygon .
ID name | population | House humber
1
2
3
4
. ID name | Vol
Line 1
2
3
4
Point ID name
1
2
3
4

Figure H.2.1 Shape File Structure

(2) Relationship between Shape and Attribute

A shape file is a single theme that has only one group of features such as river system or road
network etc.  On the other hand, several shape files are necessary to make a thematic map. It
is possible for ArcView3 to combine several shape files to make specific thematic map. Same
shape file becomes a component of plural thematic maps. In this way, the modification of
particular shape file can be automatically reflect to many thematic maps that include one. The
figureslist in Main Report and thematic map, which is composed of several files.

2.3.2 STRUCTURE OF GRID FILES

In the Study, grid data was used to make hazard map. Grid data structure is shown in the
image below. Inthe Study, cell size is 10m square for hazard map building.
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10m

10[20[10[10[20[20[30[30[ 40|50 || 10m
10/20(10|10|20|20| 30|30 40|50
10101010 20| 20| 30|30 |40|40
10101010 20| 20| 30|30 |40|40
10/10(10|10|20| 20| 30|30 | 40|40
10/10(10|10|20|( 20| 30|30 40|50
10/10{10|10|20| 20| 30| 30|40 T the grid data
1010|1010 20| 20| 20| 30 | 40 |(50 (for example the slope value)
10/10(10| 10|10 20| 20|30 | 40| 40

10/10|10|10|10|20|20|30| 30|30

Figure H.2.2 Image of GRID File Structure

2.4 OTHER GIS ANALYSIS IN THE STUDY

In the Study, GIS Data is made in vector type at first and trandates from vector to grid to
calculate. Cell sizeisdefined 10 10m in the Study.

2.4.1 COUNTING OF PoPULATION, HOUSEHOLD IN FLOOD AREA

Vector type data was made at first. Vector type data was trandated to grid type data.
Merging flood area data and Colonia data etc is counted population in flood area. Counting
dataisused for project estimate.  The method to make flood hazard map is shown below.

Cell size
10m* 10m
|
| Zz 4
pd 4
Flood area /> ' '!/
Flood depth 2y e
Colonia /A trandate
Coloniat+Buildup area ——{ 1 |
Colonia+Commercial aea—{
etc
Merge

Counting of Population

Figure H.2.3 Counting of Population, Household in Flood Area
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*V/R trand ate !

Vector type dataistrandated to grid type data.  Grid cell is defined by 10 * 10m.5

2.4.2 COUNTING OF POPULATION, HOUSEHOLD IN LANDSLIDE AND SLOPE FAILURE AREA

Vector type data was made at first. Vector type data was trandated to grid type data.
Merging landslide area data, slope failure area data and Colonia data etc is counted population
inarea. Counting datais used for project estimate. The method to make land slide and slope
failure hazard map is shown below.

Cell size
10m*10m
| |
) A It
Landslide area / | g
Damage area A
Colonia VIR .
T — . trandate
Colonia+Buildup area __| A ,
Colonia+Commercia  —_| '
area etc T
Merge

Counting of Population

Figure H.2.4 Counting of Population, Household in Landslide Area

Cell size
10m*10m
| |
A i S
Slopefailure area { | T
Damage area \ -
Colonia — | VIR v
Colonia+Builduparea — || A ransiae ,
. . \

Colonia +Commercia +— t
area etc

Merge

Counting of Population

Figure H.2.5 Counting of Population, Household in Slope Failure Area
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2.4.3 WATERSHED MANAGEMENT

Vector type data was made at first. Vector type data was trandated to grid type data.
Merging data is counted for population in Study Area. The method to make erosion map is
shown below.

Cell size
100m*100m
| |

Rvauemap —— | /

K value map —_ | ] &

LS value map — ] VIR /

C value map / trandate

P value map I A

\\

Merge

Figure H.2.6 Erosion analyze

2.5 OPERATION OF GIS

The functions of GIS used are shown in the table below. And options of ArcView that needed
to use function are shown. The details are explained in the operation manual.

Table H.2.3 Functions of GIS used in the Study

Items Function ArcView Option
1.Start Quit (1) | How to start GIS database system
(2) | How to quit GIS database system
2.Display (3) | How to display vector data
(4) | How to display grid data Spatia Analyst
(5) | How to display image data ImageAnalyst
3.Data Transfer (6) | How to transfer vector to grid Spatia Analyst
(7) | How to transfer grid to vector Spatial Analyst
4.Overlay (8) | How to overlay vector data Spatia Analyst
(9) | How to overlay grid data (GRID Merge) Spatia Analyst
(10) | How to query vector data
(11) | How to query grid data Spatia Analyst
5.0ther (12) | How to make contour line by using point data Spatia Analyst
(13) | How to calculate slope and aspect Spatia Analyst
(14) | How to calculate flood depth 3DAnayst

3. HAZARD MAP AND RISK MAP

Hazard maps and risk maps were prepared by GIS. The definition of a hazard map and a risk

map is asfollows:

“Hazard map” isamap showing only natural phenomena.

“Risk map” is amap showing both phenomena and damage.
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The table below shows the list of hazard maps and risk maps created in the Study.

Table H.3.1 Hazard Map and Risk Map

(1)Food (2) Landdlide (3) Slope failure
Hazard map o Digital Mapping o Digital Mapping o Digital Mapping
(Contour, Road, River etc) (Contour, Road, River etc) (Contour, Road, River etc)
o Flood area o Landsdlide area map o Geology map
without Project o Landslide damage area o Elevation map
with project (Slope/Aspect map)
o Slopefailure area map
o Slope failure damage area
disaster area can be displayed.
Risk map Hazard map Hazard map Hazard map
o Colonia o Colonia o Colonia
Population Population Population
Housshold Housshold Housshold
Income etc Income etc Income etc

both disaster area and estimated economic and social damage can be displayed.
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GIS DATA List

1. Digita) Napping and Geography
Vector GRID {10%10m Cell)
{tems Shape Tile Name Tteas Grid File Name
h'] 2001 DM Reads Final_data¥shapes¥digital_mapping_roads - -
{Except Rivers Final_data¥shapes¥digital_mapping rivers - -
Contour) Annotations Final_data¥shapesVdigital mapping_anno -
Geography 1998 bM {1 = interval Final. data¥shapes¥curvas_ig_ L5468 - Final_data¥grids¥ig_96_dem
{Contour)
2001 DM |25 o interval | Final_data¥shapesYaerocarta_Aftar_Junest | — | Elevation {1 m grid cell siza) Final .data¥grids¥Aerocarta_
(Contour) with elevation | h¥aero_contours_with_ele_points Aftor_June8th¥ aercdem p
points —
2,5 o interval | Final_data¥shapes¥Aerocarta After_JuneSt Elevation (1l m. grid cell size} Final_data¥grids¥Aerocarta,_
without elevation | h¥aero.contours_without_ele_points After.June8th¥ aeroden
points
- - Slope Final _data¥erids¥slope_L0u
- - Aspect Final_data¥grids¥aspect_10a
k] 2.5 m. interval with elevation 3ds¥ Aerocarta_After_JuneSth¥TIN. sipoint
Elevation paints L
Nodsls 2.5 m. interval without elevation | 3ds¥ Aerocarta After_June8th¥TIN_nopoint
TIN Format points s
{Spot Heights)
2. Gealagy
Vector GRID (10%10a Cell)
Ttems Shape File Nawe Itexs Grid File Name
Geology | Geology Classes Geo_fY gea classes -+ Geo f¥grids¥ges.clas
Faults Geo_{¥ faults
Dip & Strike of Beds. Joints and Faults | Geo_f¥dips and strikes
Detritus Geo_fY¥detritus — Geo_ f¥prids¥detri
Land Slides Geo_f¥landslide classes - Geo. . f¥grids¥ lands_abe
Existing Slope Failure Location Geo_f¥slope fajlure Gea_F¥grids¥ slo.fail
Banks Geo_f¥ banks Geo_ f¥grids¥ banks
anticline / Syncline Gao_f¥ anti syncline
Landslide Direction Geo_f¥ landslide direction
Land 51ide{U365) Geo. f¥ usgs_landslides Geo_fY¥grids¥ usgs_lands
Slepe Landslide Affected Areas Geo_f¥dangerous_area Geo_f¥grids¥ lands_dan
Failure | Slope Failure Dangerous Areas Geo_f¥slepe_failure_danger {Rank 1 & 2) Geo_f¥grids¥ slo_fail {Rank |
Analysi & 2)
s Slope Failure Affected Areas Geo_f¥slope_failure_danger {Rank 3) Geo_ f¥gridsY slo_fail {(Rank
3
Waikeku § Contours 20m 25 m Contour | Geo_f¥maikoku¥contours maikoku _20m Maikoku Grid size 20 @ Geo_fYmaikoku¥dtm_20m
from cells Interval
Maikoku 50z 25 m Contour | Geo_f¥maikoku¥contours_maikoku_50s Grid size 60w Geo_f¥aaikoku¥dtn_S0m
Analysis | celis Interval
100 25 = Contour | Geo_f¥maikoku¥contours_maikeku_100m Grid size 100 a Geo_f¥maikoku¥dim_100m
cells Interval
200m 25 w Contour | Geo_f¥maikekuYeontours_maikeku_200m Grid size 200 @ Geo_f¥maikoku¥dim_200m
cells Interval
500w 25 m Contour | Geo_f¥maikoku¥contours_maikoku_ 500m Grid size 500 a Geo_f¥maikoku¥dtn_ 300m
cells Interval




3. Fleod Modeling

Flood Prevention Arsa
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Major Vactor GRID (10*10m Cell}
Tteas Shape File Name Polygon Shape Grid Water Depth Grid
Flood With Master Plan | |3 Years Flood mudel ing¥Cases¥ 15 years vith master plan | — | Flood_wodel ing¥Cases¥arids¥ 15 mp | Flood_modsling¥Cases¥wdepthY »d_i5mp
30 Years | Flood_scdeling¥CasesY 50 years with master plan | — | Flacd_asdeling¥Cases¥gridsY 50 mp | Flood model ing¥CasesYwdepthY wd_50ap
Witch Flood_aodeling¥Cases¥ mitch with master plan | = | Fleod_modeling¥CasesVerids¥ Mitch | Flood_modeling¥Cases¥wdepth¥ wd mitchn
.S »
Fith Project | 10 Years | Flood.modeling¥Cases¥ 10 years with priority | — | Flood_medeling¥Cases¥aridsY 10_pp | Flood_modeling¥Cases¥wdepth¥ »d_10pp
Prioricies projects
15 Years Flood.modeling¥Cases¥ 15 years with priarity | — | Flood_wodeling¥Cases¥grids¥ 15_pp | Flosd_model ing¥Cases¥wdepth¥ wd_15pp
projects
30 Years Flood_modeling¥Cases¥ 50 ysars with priority | — | Fleod_modeling¥CasesYgridsY 50_pp | Flood_modeling¥Cases¥wdepth¥ wd_E0pp
projects
Mitch Flood_medeling¥Cases¥ mitch with priority | — | Flood_modeling¥Cases¥grids¥ Mitch | Flood_model ing¥Cases¥wdepth¥ wd_mitchp
projects -PP E
Rithout Project | § Years Flood_modeling¥Cases¥ 5 years without projest | — [ Flood, modeling¥Cases¥grids¥ 5 _out | Flood modeling¥Cases¥wdepth¥ wd_bout
10 Years Flood_medeling¥Cases¥ 10 years without project | — | Flood modeling¥Cases¥grids¥ L0 _ou | Flood_modeling¥Cases¥wdepth¥ wd_l0out
t
15 Years Flood modeling¥Cases¥15 years without project | = [ Flood_modeling¥Cases¥grids¥ L5_ou | Flood_sodeling¥CasesVudenth¥ wd_lBout
t
29 Years Flood_medeling¥Cases¥25 years without project | — { Flood modeling¥Cases¥grids¥ 25_ou | Flood_wodeling¥CasesYwdepth¥ wd_25out
t
50 Years Flood_modeling¥Cases¥ 50 years without project | — | Flood_modeling¥Cases¥grids¥ 50_cu | Flood. modeling¥Cases¥wdepth¥ wd_500ut
t
Miteh Finod_madeling¥Cases¥ Mitch without praject | — [ Flood_sodeling¥Cases¥grids¥ Mitch | Flood _modeling¥Cases¥wdepthV wd_mitcho
~out ut
Protection Facility for | Final.data¥shapes¥proposed.rivedment alignme - -
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Supporting-H : Hazard Map and Risk Map by GIS
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