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Surface windvalidation for wave climate modellingin the Western North Pacific

Mochamad Riam Badriaha

1Graduate School for International Development and Cooperation, Hirokhmiversity 1-5-1 Kagamiyama,
HigashiHiroshima 7398592, Hiroshima, Japan

Abstract

Validation is necessary to be sure of wind data utilization for model and analysist. CMIP5 consist ensembles data
which beneficial for predicting future wave climate and oestamospheric phenomenon. Wind data is processed
using simple statistical approath observe the uncertainty of ensemble and wind distribution. Seasonal wind
distribution is contrast due to obstacle, coarse grid, and ensemble setting. Ensemble data near Wakkanai and
Hachijojima have a good correlation with-836% correlation using mawg average method. Standard deviation
range is between1.6 m. Wind measurement need to be corrected by factor 1.45 due to its underestimate value than
ensemble data.

Keywords: wind surface, CMIP5, ensemble data

1. Introduction

Future changes in surface wind have implication for oegamwsphere phenomenon, particularly wind waves,
storm surges and typhoons. The increasing trend of emission dedale#se is evidence for a possibility of different
wind behavior in the followig decades. CMIP5 provides several scenarios for historical and future condition adopted
by IPCC Assessment Report (AR5).

CMIP5 data have more comprehensive and better documentation other than previous phases. Through gateways
to modeling and data centevsrldwide, the dataset could be archived freely (Taylor et al., 2012). Many researchers
dealing CMIP5 data for oceaaimospheric modeling. Shimura et al. (2013) used CMIP5 to predict wave climate
pattern and compare with teleconnection pattern index, Hetra. (2013) calculated wave parameter in summer
and winter use mukiodel ensemble, Bennet et al. (2016) observed future wave climate in UK sea, and Shimura et
al (2016) found the future decreases in wave heights correspond to positive changé&Pmpéteern using CMIP5
scenario.

The reliability of ocearatmospheric modeling depends on the quality of wind data itself. Since wind is the source
which generates wind waves, the improper wind data will produce low quality of output model. Furthenwitbre, it
lead to incorrect analysis and comprehension in using provided CMIP5 data. A good agreement in validation is
necessary to convince the utility of ensemble data, otherwise it will be just random model with more uncertainty.

2. Objectives

CMIP5 data onsist many kind data that can be useful for environmental modeling and analysist. However due to
uncertainty of many ensemble models provided, validation is necessary. There is increasing study in term of wind
wave. Some study done by Hemer et al. (2GiR®) Bennet et al. (2016) which correlated significant wave height
between ensembles and satellite data or observation measurement. Those study applied wind from coupled genera
circulation model (GCMs) to ocean model to obtain the wave height. In othds vibe quality of produced wind
wave depends on wind input. Consequently, each ensemble wind needs to be observed further.

This study seeks the uncertainty of each ensemble through surface wind validation for each ensemble. To narrow
the vast possibilityof future condition, the uncertainty must be avoided as many as possible. Thereupon, it is
important to verified first the past ensemble data then future dataset can be implemented. Therefore, we derive
historical data of wind surface which is obtainedasetn 1979 and 2008. This study stands as preliminary study
before using CMIP5 wind surface data for wind wave, cyclone, and another atmesgkaricevent. Ensemble data
will be observed using simple statistical approach and be compared with obseratgion d

3. Data and methodology
3.1 Data

The National Climatic Data Center (NCD@gveloped integrated global database of hourly land surface
climatological data. Approximately 20,000 stations has data from early 1900 to the latest data can be used by varied
applications (Lott, 2004). Numerous stations appear in Western Northern Pacific, however in this study only the



station located near the coast or open sea is chosen among other. The reason of avoiding some obstacle / building i
reasonable since the enddenmodel is coarse in term of topography. Three station ID of 450070, 474010, 476780

is Hongkong Airport, Wakkanai, and Hachijojima, respectively. NCDC provideduBly data in general and the

time space become finer nowadaysh(urly in several pointfHowever, data absence cannot be avoided and most

data are missing in early 1980.
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Figure 1. Location of observation station

Ensemble data (Table 1) has similar length of data (around 30 years) but the resolution of each ensembile is different
The Experiment of AMIP is chosen. Historical data in CMIP5 database includes changing conditions of atmospheric
composition (anthropogeniand volcanic influence), solar forcing, emission, and land use. In AMIP experiment, sea
surface temperature & sea ice (from observations) are imposed in addition to historical experiment (Taylor et al.,
2009). Ensemble variances in one GCM model indsciée different initial condition, parameterization, and physical
parameter. Most of the data do not overlap with observation point, thus nearest data is elected as the representative
ensemble. The-Bourly u andv component of surface wind, the finest paral resolution, is retrieved.

Table 1. Model ensemble resolution. Number inside bracket indicates the total model ensemble

Resolution

Model ensemble Latitude Longitude
ACCESS1.0 1.29 1.87%
ACCESSL1.3 (ii)
INM-CM4 1.9 20
GFDL-CMS3 (ii) 20 2.5
CNRM-CM5 1.4008 1.40628
CanAM4 (iv) 1.7906 2.8128
MIROC-ESM
IPSL-CM5A-LR 1.8947 3.79
IPSL-CM5A-MR 1.2676 2.5
MRI-CGCM3 1.127 1.12%
GISSE2-R (ii) 20 2.5



3.2 Methodology

Observation windlata consists wind speed and wind direction in degree, while CMIP5 generally produce wind as
wind component ofl andv (above surfaceati® hei ght ). To be compared wel |,
is simply calculated to find

Wind magnitude. Using isiple statistical approach as maximum, minimum, and mean can discovered the
uncertainty of ensemble data. Thus, correlation and standard deviation of each ensemble can be obtained. Wind rose
is used to inspect wind distribution and wind direction. ReanhJysis, and comparison have been made to be able
answer the aim of preliminary study so we can keep going for future projection (CMIP5 scenario) and make sure the
wind input for ocearatmospheric field.

Ensemble data is taken only the nearest data betiteeglobal data and the observation point. There is no
ensemble which intersect the measurement location. Even though, the location is surrounding by dxshatsed
of each CMIP5 ensemble, we avoid the interpolation between due to uncertaintgroewt many interpolation
method. Missing wind data at certain time and on a leap year is treated as blank data so it can be compared.

Wind Data

Hindcast _,,, Verification and
{30 years) " Statistical Approach

Result, Analysis,
Comparison

k 3 L 4 L 2

Future Projection Preliminary study of CMIPS Input for ocean /
wind data atmospheric modelling

[H:&in'{* y&m]

Figure 2. Research methodology structure

Moving Average

Wind pattern in the field commonig not trivial to be observed. Many aspects influence wind in term of local
wind, typhoon, and variance frequency of wind. However, it is likely to have sinusoidal pattern if the high frequency
is withdrawn. Model (ensemble) use some limitation and sfizgion in their simulation setting so the model could
not yet reconstruct wind as real wind which occurred in field. Therefore, moving average (m.a.) method is taken to
inspect the pattern lies on real wind data. Moving average (eq.1) calculates destdyporeating series of averages
of different subsets of the full dataset. This subset will be averaged by shifting forward to the end of data. Smoother
wind data is produced then longerm trends/cycle can be highlighted. For this study, monthly eembsal simple
m.a. is applied.
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with ¢ as data and for total data.

Wind correction

Common wind data can be underestimated or overestimated compare to data measurement. The differences
betweenthem caused by several factor, particularly different surface height, existed obstacle, quality of data,
measurement instruments and surface roughness due to terrain type. Correcting the wind use log wind profile or wind
power law could solve the lower vdrivalue matter. Estimated mean wind sp&efidt height z (m) above the ground



can be written in eq.2. Holmes (2015), rearranged the formula into eq.3.

Wind speed [m/s]
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Figure 3. Monthly m.a. time series of observation (green) and mean ensemble (purple) in station 3. Blue dashed line
indicates uncertainty (maximum and minimum) of ensemble. (B#sonal wind rose for observation, average
ensemble, MRICGCM3 (finest reslution), and CanAM4 (highest resolution) in station 3 (right)
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where 0. is the friction velocity (m/s),l is the Von Karman constant (~0.4dl)is zero displacement which is the
height above ground at which zero wind speed is archived and can be approxim%xtgdowls0 - Roughness
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length €@ ) is an effect of surface roughness of surface and wind flow. The roughness value depends on the terrain
and each type has each own value which is described by Holmes (2015). Since the global area is consist of forest anc
urban, thed of 1 is arbitrary chosen.

4. Results

Wind time seriedor whole 30 years of CMIP5 data tends to have similar pattern wiaradtiontime series
particularly in station 2 and 3 while station 1 does not. Without m.a. method, it is hardly to see the relation since
measurement have more fluctuation compare to ensemble. The correlation increases as long the increases subset tinr
in those method. However, if yearly m.a. is taken, the correlation become less. There is no correlation changing in
station 1, almost no relation at all due to unordinary pattern. Correlation in station 2 (station 3) are 0.05 (0.07), 0.56
(0.57), and 0.690.72) for no m.a., monthly m.a., and seasonal m.a. respectively. Standard deviation is calculated
separately due to mean observation and mean ensemble. Clearly, standard deviation due to mean ensemble is lowe
compare to mean observation. Standard deviatinge is betweenill.6 meter (with m.a. method). Result both
from time seriesand deviation show the ensemble overestimate measurement. However, the measurement is still
inside ensemblebdbs uncertainty area.
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Figure 4. Validation of monthly m.&aetween each CMIP5 ensemble and NCDC NOAA wind speed. The left fic
is validation without any correction while in the right figure wind has been corrected by factor 1.45.

Wind direction and wind distribution shows from wind rose has different regulebe ensemble and observation.
Generally, each station has majority of wind which blow from slightly east and west while in ensemble wind comes
from northeast, southwest, and strong wind from northwest direction. To see further this peculiarity, wisd rose
plotted seasonally. Wind distribution from observation, average ensemble, finest resolution ensemble, and highest
correlation ensemble are compared. The pattern can be recognized differently, but still the pattern is not identical.
Wind commonly blow fom east direction in station 1 in each season. For station 2, majority wind comes from west
and northwest in winter while in summer wind come from southwest and east. In station 3, the wind direction is
relative stable with constant direction from nortitend southwest for entire season, only difference in term of speed
and frequency of distribution.

Wind correction is shown in Figure 4. Wind measurement have been modified using log wind profile. Ensemble
wind surface stated as wind in 10 m height atmwuéace while there is no detail information from NCDC source.
Therefore, we assume wind observation is measured slightly below (around 2.5 m) the ensemble wind height. Wind
observation then multiplied by factor 1.45 as obtained from calculation of dwp:0frelation is not changing, but
the distribution between ensemble and measurement become closer to middle line. This factor can be applied in
station 2 and 3, but in station 1 the ensemble still overestimates.

The index of DPO and WP pattern had beemgared with ensemble time series. However, it is not trivial to see
the index relation with monthly and seasonal m.a.. However, if the DPO index is adjusted with yearly ntisevind
series there are certain periods which have relation with the indexa fhoment, we cannot pronounce the relation
between index and wind surface time series.
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5. Discussion and Limitation

The calculation of ensembile is still limited due to matter of time and huge data to be archived and kept in storage.
Dealing huge data means consume much computer memory and sometimes it is problematic when the machine stor:
function properly. Ensemblime seriesneeds to be inspected carefully since some of ensemble do not include leap
year. Thus, the value of one day in a leap year is blanked manually in some ensemble. Some ensemble cannot be
archived due to protection and an ensemble does not havattlodly for wind parameter. To be considered that
ensemble is done by many institutions then it is not trivial to ensure one by one.
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Figure5. Annual wind rose of observation (left) and ensemble (right) in station 3.

It is assumed that obstacle around observation point, such as mountain and tall building, affect the distribution of
wind rose. The wind distributes in every direction in station 2. Concerning the station 2 is almost no obstacle, except
in southwest part hich is mainland. Ensemble also have less wind come from southeast. In station 3, the wind
distributes mainly in northeast, east, and southeast direction. The mountain actually exist in north and southwest part
of Hachijojimalsland On other hand, enserebinodel does not include this condition due to coarse grid or even the
island is neglected. Also, to be considered that averaging all of ensemble can reduce speed and distribution (see
Figure 3). This can be seen in seasonal wind rose Thus, it reasorseertat wind model cannot precisely identical
with observation in term of direction.

Even wind correction has succeeded in increasing wind speed, however the assumption need more convincing.
The height of wind measuremeqt ( x®d ) and height displaceent Q 9 1) Is chosen without basis foundation.

After the multiplied factor is obtained, then other wind data is simply multiplied by this number. Certainly, it worked

for station 2 and 3, but station 1 still underestimate, meaning that factor havendiffelue concerning to height.
This study still lacks information due to measurement height and the reason behind low value of wind speed.

6. Things to be done further

CMIP5 AMIP wind surface data provided 57 ensembles in the source, it shaxdddidering all of the ensemble
to observed total uncertainty in wind study. More than a hundred stations are available around WNP region. However,
it should be investigated more which one is representative enough for study, examined observation area due t
mountain or any obstacle, and certainly checked the quality of data. Many indexes have been made, thus can be
compared with monthly or seasonal wind and see the relation and observed what is going on in certain period. Linear
trend can be inspected alssing many method, thus for further study, EDM, EEDM, etc. method will be applied.

Carry out the future scenario of CMIP5 and wind input modeling is not part of this study but it can be next step
for upcoming research.
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Evaluation of optimal location of wastewater treatment plant in Ger areas of
Ulaanbaatar city using multi-criteria decision making (MCDM) analysis.
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2Property Relations Department, Ulaanbaatar City, Mongolia

ABSTRACT

The objective of this research was to assess the willingness to pay(WTP) for improvements in the water supply
and wastewatdr r e at ment syst e mbs &mmanmagement of Waanbdataraity desidemiseanddand o n
suitability for Decentralized Wastewater Treatment plant in Ger area of Ulaanbaatadrcigdditionto define
decentralized wastewater treatment plant W) locations in target area (Damba Planning Unit) and prioritize
defined DWWTPs. The results of this research can encourage public participation in the urban-mekisign
process and assist various planners and authorities to formulate a suitafide géatrarea development.

To assess household WTP of residents for improved domestic water service, a random sampling process was run
in Damba area to select households to be interviewed. The survey team contacted 300 households. A total of 298
guestiomaire were completed with a response rate of 99 %. Among the 298 observations, 14 outliers were excluded
from the analyses; the remaining 285 observations were kept in the sample. The questionnaire included five sections:
(1) respondent's identification2) Household information; (3) household water supply and consumption; (4)
wastewater sanitation; (5) Willingness to pay. Of the 285 responses included in analysis, 101(35.4%) indicate a zero
WTP for water supply and waste water treatment.

In this study wo main analysis was done: 1. WTP for Wastewater treatment condition in Ulaanbaatar city is
analyzed by Contingent valuation method (CVM): Tobit model, 2. land Suitability for Decentralized Wastewater
treatment plant (DWWTP), High potential area for DWWaiRI priority of DWWTP locations are analyzed by
Multi-Criteria Decision Making (MCDM ) method with GIS analysis. In MCDM analysis 1. Geographically weighted
regression (GWR) used for analyzing WTP, 2. Weighted overlay analysis used for Suitability msg\iarP, 3.

GIS analysis used for creating population density map. 4. Grouping analysis used for define DWWTP locations by
using GWR analysis result. 5. Weighted sum analysis done in high potential map analyze by using WTP map,
Population density Suitabilitymap for DWWTP. 6. TOPSIS and Fuzzy TOPSIS method used for to rank the selected
location of DWWTP.

Visualization of the WTP surfaces clearly indicates that the relative magnitudes of the WTP for maintenance (F2)
values appear to be higher in the close afesewer system and new settlement areas. In the main, highest values
are found in center of Damba area and wielkt WTP for O&M (F8) values appear to be higher in the close area of
city center and new settlement areas. In the main, highest valdesisden south of Damba area and esde
An average total WTP for water supply and wastewater treatment facility installation was 1000.0 (thous.MNT), An
average total WTP for operation and management was 6.0 (thous.MNT). People who lives in ovaubeijltigher
than high school educated people willing to pay more.

In the suitability result , 0.05% very high suitable, 4% high suitable for DWWTP for ger area in Ulaanbaatar city
but in the Damba study area 4% very high suitable, 69% was high sutabDl/fiVTP for ger area.

Grouping analysis used for defining 40 DWWTP locations by predicted WTP and Slope data. Analysis done by
Grouping analysis toolnethod with 200 neighbors. The lowest elevation location from each group selected for
DWWTP location.

AHP TOPSIS analysis result shows, WWTP location number 12, 39, 25, 26 was high priority and Fuzzy TOPSIS
analysis, WWTP location number 6, 35, 2, 32 was high priority. The potential value of Location 12 which defined
first rank by Topsis was 10, Locationmich defined first rank by Fuzzy Topsis was 11.

1. Introduction

Ulaanbaatar is the capital of Mongolia, and also as its largest city serves as the economic and cultural center
of the country. Ulaanbaatar is experiencing many environmental, health @oeéconomic problems. Sixty
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percent of the total population of Ulaanbaatar reside inygban informal settlements, called Ger areas. A lack
of safe water supply and unimproved sanitation have been found to be the key issues in the Ger areas of
Mongolia Simple, unimproved and unventilated pit latrines and soak pits are generally usedsit on
sanitation and household greywater, resulting in unhygienic living condit@ersarea sanitation practice has
significant and cumulative impacts on thelsamd groundwater. Although pathogens from human waste
eventually degrade in the ground, these processes are slowed by the cold climate and the large amounts of wast
going into the soil can be transported by ground water and by surface water duringtewiragnd summer
rains. Other impacts are to the health of the residents due to the lack of hygienic sanitation, likely contributing
directly to higher disease rates. The lack of adequate wastewater disposal systems is one barrier to increasing
the quanty of water supplied to the residents. The lack of basic urban services and infrastructure in Ger area
settlements has become a source of urban environmental issues such as air, water and soil pollution.

In this study 4ype ofliterature review was done. Wlaanbaatar city development aWdstewater treatment study
in Mongolia, 2. Analysis oWwillingness to pay\WTP), Tobit model, 3. MCDM, Suitability analysis, AHP, TOPSIS,
FuzzyAHP, FuzzyTOPSIS studies, 4. Geographical aatwelation and geographically weighted regression study,

1. Several studies in decentralized Wastewater treatment plant done in Mongolia whiérground (UG,
greenhouse (GH and icehole greywater treatment unit (@WTU) for graywater reus€Uddin, Li, Mang, et al.,
2014) Laboratory analysis showed a high chemical oxygen demaddON , 0 0 and total suspended solids
values exceeding the WHO guidelines and much higher than in any other country: low water consumption combined
with traditional diet might be major reasons. Odorless and colorless water after treatment-B\WTUGlead to
more acceptance than a WTU.

City Environment and Development Revi@uN-Habitat, 2010g)Service Distribution and Infrastructure Review
(UN-Habitat, 2010¢)Citywide PrePoor Ger Area Upgrading Strategy of Ulaanbaatar (Cily-Habitat, 2010bgare
the reviews of reportsgpared for the development of Ger Area Upgrading Strategy of Ulaanbaatar City. The review
assessing growth prospects, land requirements, environmental issues and development constraints, profiling
opportunities and constraints in all service and infratire areas (water supply, sanitation, solid waste management,
heating, electricity, street lighting, roads and footpaths, transportation services, flood control and drainage, health
services, emergency services, education, and greening), assesses thefthev areas, sets out the legal and
institutional structure of land management and planning, and identifies the specific issues related to the Ger areas.

2. Contingent valuation method used broadly used to assess public @@oddwin, Offenbach, Cable, &
Cook, 1993) Goodwin, Offenbale, Cable, & Cook used Tobit model to estimate WTRpforate hunting access in
Kansas.

3. The problems of MultCriteria Decision Making (MCDM) appear and are intensely applied in many
domains, such as Economics, Social Sciences, Medical SciendedNetcd ban, Dzi t aN,d &b ®azj t ¢
Dzitac, & Dzitac offerech general view of the developments of fuzzy TOPSIS methods. They explored different
fuzzy models that have been applied to the decisiaking field.Seker, Dursun Zafer, Yucel, UdBeker & Yucel,

2017) Mansouri, Zeinab, Hafezi Moghaddas, Naser, Dahrazma, Béaasouri, Héezi Moghaddas, & Dahrazma,
2013)are used MCDM method to find optimal site for Waste water treatment plant.

4, Geographically weighted regression (GWR) has been established as a flexible framework
for modelling spatially varying relationships between predictor variables and an outcome
variable. Campbell, Danny, Hutchinson, W George (Campbell & Hutchinson, 2009) , Zhang,
Honglei, Zhang, Jie, Lu, Shaoji ng, Cheng, Shaowen, Zhang, Jinhe, (Zhang, Zhang, Lu, Cheng, &
Zhang, 2011), Dong, Guanpeng, Nakaya, Tomoki, Brunsdon, Chris  (Dong, Nakaya, & Brunsdon,
2018) are used geographically weighted regression to estimate WTP, hotel room price and life
satisfaction. The researchers used kriging to interpolate GWR map.

2. Objectives

The objective of this researchas/to assess the willingness to pay for improvements in the water supply and
wastewater treatment S y s& rmamayemert of piaanizahtar city residents ardl lamdp e r
suitability for Decentralized Wastewater Treatment plant in Ger dréHaanbaatar city. In additionto define
decentralized wastewater treatment pl@WNVTP) locations in target area (Damba Planning Unit) and prioritize
defined DWWTPs.
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The results of this research can encourage public participation in the urban eleiking process and assist
various planners and authorities to formulate a suitable plan for ger area development.

3. Data and methodology

3.1 Data3.1.1Field survey

To estimate the willingness to pay for improving water supply and wastewater treatment system, a field survey
conducted in Damba planning unit which is defined by Urban Development Trend 2030 (Fig. 1). It is locating in
north east part of the Ulaanbaatdy and residents all live in ger and owslrilt house housing. The population of
the Damba area w&@2.1 thousand and household number was 8.7 thousand in(2@&ti&n Development Trend
2030, 2013)

To assess household willingness to pay of residents for improved domeisticsesvice, a random sampling
process was run in Damba area to select households to be interviewed. The survey team contacted 300 household:
A total of 298 questionnaire were completed with a response rate of 99 %. Among the 298 observations, 14 outliers
were excluded from the analyses; the remaining 285 observations were kept in the sample. The questionnaire included
five sections: (1) respondent's identification; (2) Household information; (3) household water supply and
consumption; (4) wastewater sation; (5) Willingness to pay. Of the 285 responses included in analysis,
101(35.4%) indicate a zero willingness to pay for water supply and waste water treatment.

The consumer 6s willingness t o -pa#guestionisframmeworici t ed t hr c

a) Would you be willing to pay an fee to access WS WWT facilities? (Yes or No)

b) If yes, how much would you be willing to pay for installation (capital co€}®,(1=less than 1000.0,
2=1000.01500.0, 3=1500-2000.0, 4=higher than 2000(thousand MNT).

A ANoOO response to part (a) implied a zero willing

3.1.2Dataset
Table3.1 shows the data set list used in this study.
Table 3.1. Datsetused in the analysis

Data Type Data type Figure
1 Land use plan .shp Polygon Figure 3.2
2  Elevation Raster 30m resolution Figure 3.3
3 Population density Table Text Figure 3.4
4  Soil .shp Polygon Figure 3.5
5 River .shp Polygon Figure 3.5
6 Road .shp Polygon Figure 3.6
7  Power station .shp polygon Figure 3.7
8 Sewerage .shp Line Figure 3.8
9 Drainage .shp Line Figure 3.9
10 Ger area settlement .shp Polygon Figure 3.10
11 Land evaluation zone .shp Polygon Figure 3.11
12 Planned DWWTP location .shp Point Figure 3.12

3.2 Methodology

In this study two main analysis wedene: 1. Willingness to pay (WTP) for Wastewater treatment condition
in Ulaanbaatar city is analyzed by Contingent valuation method (CVM): Tobit model, 2. land Suitability for
Decentralized Wastewater treatment plant (DWWTP), High potential area for DVedTitiority of DWWTP
locations are analyzed by Muffiriteria Decision Making (MCDM ) method with GIS analysis. In MCDM
analysis 1. Geographically weighted regression (GWR) used for analyzing WTP, 2. Weighted overlay analysis
used for Suitability map fobDWWTP, 3. GIS analysis used for creating population density map. 4. Grouping
analysis used for define DWWTP locations by using GWR analysis result. 5. Weighted sum analysis done in
high potential map analyze by using WTP map, Population density Suitabéjtyfor DWWTP. 6. TOPSIS
and Fuzzy TOPSIS method used for to rank the selected location of DWWTP.

16



1. Tobit

——WTP Survey Data— analysis

2. MCDM
Priority
analyze

Figurel: Analyze main flow chart

2.2. Grouping
analysis

WTP survey data——

2.1.Geographicall
y weighted
regression

Predicted value WTP for maintenance-
Predicted value WTP for O&M
—

—Ger area House hold location

District boundary——»

2.5. MCDM
analysis for
priority of WWTP

Slop!
Population density—
S

Soil
River —{ 2.3. MCDM analysis
Road
Power station——
Land u
Drainag

Suitable location value:

B

2.6. GIS analysis
for high potential
area for WWTP

—Ger area House hold location+

District boundary.

2.4. GIS analysis Population in 1600 m2———

Land evaluation zone——

I
I
I
I
L

Figure 2: MCDM analyze flow chart.

This work aims at identifying potential sites for DWWTP for ger area of Ulaanbaatar city blyaSé8 multi
criteria analysis. GIS (ArcGIS) techniques were used and integrated in ecritefia analysis to benefit of its
capacity to elaborate and to ayrad spatial data. A GIS flowchart of the entire process is shown in Figure 4.3.

First of all, process OLS and Morané6s | arnahHeyedi s d«
rectangle shows WTP prediction map analysis flow ckémdt step was data preparation by connecting survey data
to house hold location by address and 400mx400m grid was prepared for next step. After data preparation
Geographical weighted regression used for predicting WTP (point map) by house hold sefpitrindntistance
from water supply station and population density. Then predicted point map joined by average value with 400x400
grid. Then it is converted to point. To interpolating WTP prediction map Kriging was used.

In the greerrectangle shows landiigability map analysis flow chart. It is staring from defining criteria weight.
Weighted overlay tool used for suitable location analysis. For detailed explanation research accomplished in this
analysis is found in next chapter.

Suitability map generaled from 10m to 100m by average value and converted to point. Point map joined by
average value of suitability value with 400x400 grid. To interpolating aggregated suitability map kriging was used.

In the bluerectangle shows population density map anafi@ischart. In this analysis ger area house hold location
266280 sample point joined and counted with 400x400 grid. To interpolating population density map kriging was
used.

After these 3analysis weighted sum tool used for analysing high potential areBWWTP in ger area of
Ulaanbaatar city.
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For defining 40 DWWTP locations Grouping analysis used by predicted WTP and Slope.

area map

I
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Figure 3.Analyze flow chart

3. Results

Survey result showsAverage Household irefce 1.5, Average Household memb8&c72 Average income
700.0thousMNT, 88% of respondents could access improved Water supply s@ii¢eo f r espondent
have improved wastewater, sanitation facil@2% of respondents was Willingness to improve Water supply
and wastewater discharge coiatit 71% of respondents willing to pay monthly for fee for O&M, An average
WTP for maintenance 5000.0(thous.MNT), An average WTP for maintenance is O&M (thous.MNT).

Tablel. Summary statistics of variable relevant to willingness to pay for Wap@hsand wastewater treatment.
Willingness to pay maintenance  Willingness to pay Operation and

management
Total sample Yes No Yes No
Mean Std Mean Std Mean Std Mean Std Mean Std
Dev Dev Dev Dev Dev

Agreement of WS and WWT 0.639 0.481 - - - - 0.840 0.367 0.208 0.408
facility improvement (installation)
payment
Willingness to pay WS and WWT 0.827 0.785 1.206 0.663 - - 1.044 0.766 0.258 0.510
facility installation (thousand
MNT)
Agreement of WS and WWT 0.708 0.456 0.908 0.290 0.330 0.473 - - - -
facility operation and

management (monthly)fee

Willingness to pay WS and WWT 1.708 1.546 2.260 1.432 0.728 1.241 2437 1.286 - -
facility operation and

management fee (monthly)

(thousand MNT)

Education 0599 0491 0.634 0483 0.525 0.502 0.661 0475 0.434 0.499
Family size 3489 1586 3598 1.691 3.343 1.379 3587 1.617 3.224 1.457
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Income level 1 (thousand MNT in  0.151 0.359 0.089 0.286 0.257 0439 0.116 0.322 0.231 0424
Month)
Income level 2 (thousand MNT in  0.372 0.484 0.408 0.493 0.307 0464 0365 0.483 0.372 0.486
Month)
Income level 3 (thousand MNT in  0.067 0.250 0.084 0.278 0.040 0.196 0.079 0.271 0.038 0.194
Month)

Income level 4 (thousand MNT in  0.021 0.144 0.034 0.180 0 0 0.026 0.161 0.013 0.113
I\HAC()JS;?%g 0.668 0.472 0.713 0453 0590 0494 0.690 0.464 0.590 0.495
Time for water access 0.853 0.355 0.886 0.319 0.810 0.394 0.866 0.342 0.813 0.392
Water consumption (HH) 298 276 301 283 290 262 306 297 281 231
Person who bring water 0.192 0.395 0.158 0.366 0.250 0435 0.160 0.367 0.276 0.450

Current monthly payment of 1.919 1.215 2.096 1.173 1.554 1189 1978 1156 1.795 1.354
water supply (thousand MNT)

Table2. Result of Tobit model

WTP installation WTP operation and
management
Tobit coefficient Tobit coefficient

(Intercept) -3.496e01 -0.1418798
Education 2.698e01 . 0.4087174
Family size 3.544e02 0.2996797 ***
Income level 1 (thousand MNT in Month) -6.862e01 * -1.0849575 **
Income level 2 (thousand MNT in Month) -1.322e0 -0.7623613 **
Income level 3 (thousand MNT in Month) -1.384e02 -0.2187766
Income level 4 (thousand MNT in Month) 3.942e01 -0.4980350
Housing 4.075e01 * 0.4015222
Time for water access 2.856e01 0.5543989
Water consumption (HH) -7.242e05 -0.0003210
Person who bring water -3.518e01 . -0.4455065
Current monthly payment of water supply 1.848e01 ** 0.0932675
Logsigma 3.017e02 0.5807389 ***
Log-likelihood: -277.96530n 13 Df -398.37120n12DF

Signif.codes: 06 * *0:0@6 * 0.6 *0®56 0.5661

Tobit result showsEducation was statistically positive significant in Family size was positivetatistically
strongsignificant in F8 Income levell, Income level 2 statistically negagisignificant in both F2 and 8
Housing who lives in detached house statistically positively significant jnCE&rent monthly payment
statistically positively strong significanfo elucidate the geographical dimension of WTP, the individual 219
house bld WTP estimates
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Figure4. Correlation matrix

Prediction of WTP by geographical weighted regression for 10210 sampling points across the Damba
planning unit. Visualization of the kriged surfaces clearly indicates that the relative magnitudes of tfee WTP
maintenance (F2) values appear to be higher in the close area of sewer system and new settlement areas. |
the main, highest values are found in center of Damba area ansidee®¥ TP for O&M (F8) values appear to
be higher in the close area of cignter and new settlement areas. In the main, highest values are found in
south of Damba area and eagle An average total willingness to pay for water supply and wastewater
treatment facility installation was 1000.0 (thous.MNT), An average totahgiless to pay for operation and
management was 6.0 (thous.MNT). People who lives in own build house, higher than high school educated
people willing to pay more.

Multi-Criteria Evaluation technique used to evaluate the land suitability of Decentraliastwster
Treatment Plant (DWWTP). The individual class weights and map scores were determined through AHP
technique. A pairwise comparison matrix was prepared for the nine criteria (Slope, population density, soll, river,
road, sewerage, land use plaraidage) for the study area of Ulaanbaatar city. The final suitability for DWWTP
map weregproduced by overlapping the 9 data layers in GIS system. The final scores vary from 1 to 9 and they
are classified into five classes of very suitable (scores of B)asditable (scores of 5 and 6), medium suitable
(score 4), low suitable (scores of 2 and 3) anduitable ¢core 1). Based on the final map, 0.05% very high
suitable, 4% high suitable for DWWTP for ger area in Ulaanbaatar city but in the Damba stud{eavery
high suitable, 69% was high suitable for DWWTP for ger area.

Grouping analysis used for defining 40 DWWTP locations by predicted WTP and Slope data. Analysis done
by Grouping analysis toamethod with 200 neighbors. The lowest elevation locdtimm each group selected
for DWWTP location.

According to high ptential map27% of total area was very high, 69% of total area was high potential for
decentralized wastewater treatment plaribamba planning unit
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Fourparametersvhichis WTP maintenance (F2), WTP Q& (F8), Suitability value, Population density are
used in TOPSIS analysis. Based on the AHP TOPSIS analysis, WWTP location number 12, 39, 25, 26 was high
priority and Fuzzy TOPSIS analysis, WWTP location number 6, 35, 2, 32 was high priority. The peadunial
of Location 12 which defined first rank by Topsis was 10, Location 6 which defined first rank by Fuzzy Topsis
was 11.
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Figure 6.23. Fuzz§ OPSIS Rank of DWWTP
According to estimation WTP by using highiority locations of DWWTP, WTP for maintenance (F2) will

increase 1.14%, WTP O&M will 0.33% by Fuzzy TOPSIS analysis and F2 will 0.0079%, F8 will 1.43% increase
by AHP-TOPSIS analysis.
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5 Conclusion

This study aims to estimate the willingness to payrf@rovements in the water supply and wastewater treatment
systembs capit &managte memd opgerUdtaiammbaatar city resid
find high potential location for DWWTP.

An average total willingness to pay for water supply and wastewater treatment facility installation was 1000.0
(thous.MNT), An average total willingness to pay for operation and management was 6.0 (thous.MNT). People who
lives in own build house, higherah high school educated people willing to pay more.

Population density, Settlement period, distance from water supply station used by criteria In Geographically
weighted regression(GWR and result interpolated by kriging. Visualization of the krigedeswfearly indicates
that the relative magnitudes of the WTP for maintenance (F2) values appear to be higher in the close area of sewer
system and new settlement areas. In the main, highest values are found in center of Damba areadmiMlest
for O&M (F8) values appear to be higher in the close area of city center and new settlement areas. In the main,
highest values are found in south of Damba area andidast

In the present study, 9 criteria were used as main and exclusive parameters li@ lgision analysis. Each
criterion has been converted to numerical values and weighted using AHP method.

The suitability map was prepared and classified by reclassify tool and Weighted overlay method. 28% of total area
was very high, 68% of total areaw/high potential for decentralized wastewater treatment plant in Damba planning
unit.

High potential area map was prepared by weighted sum method. 27% of total area was very high, 69% of total
area was high potential for decentralized wastewater treapiaet

Based on the AHP TOPSIS analysis, WWTP location number 12, 39, 25, 26 was high priority and Fuzzy TOPSIS
analysis, WWTP location number 6, 35, 2, 32 was high pridrtig. potential value of Location 12 which defined
first rank by Topsis was 10pkcation 6 which defined first rank by Fuzzy Topsis was 11.

According to estimation WTP by using high priority locations of DWWTP, WTP for maintenance (F2) will increase
1.14%, WTP O&M will 0.33% by Fuzzy TOPSIS analysis and F2 will 0.0079%, F8 will 1id88#ase by AHP
TOPSIS analysis.
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Abstract
The impact of climate change shown by the ecosystem changing such as in aquatic, land and the forest area. Fores
as the larger terrestrial ecosystem senses the impact of climate due to the changes in temperature and precipitatior
The changes in climatend land use and land cover affected the suitable area for the tree to distribute in the specific
condition. TheStyrax sumatranas one of the tree species that has a higher value in North Sumatra region has
threatened by the changes of climate as walhasiuman activities. The objectives are to identify the environment
variable that contributed t8tyrax sumatrandistribution in North Sumatra region and forecast the future potential
distribution by considering the climate changes scenario and larmhdd$and cover changes. Four models and two
scenarios from CMIP5 implemented in this research followed by the model of land use and land cover changes to
predict the distribution oBtyrax sumatranan the year of 2050 and 2070. Maximum Entropy (MaxEntpeho
produced present and future potential distribution with 63 presenc8¢yi@x sumatranas the sample and
bioclimatic, biophysical, and anthropogenic as environmental data. The result shows the mean temperature of the
coldest quarter give the highartribution to the model followed by elevation and land use and land cover changes.
The suitable area in the year 2050 reduces to 3.87% and decline to 3.54% in 2070 by 4.5 scenario. The 8.5 scenaric
shows the suitable area below 3.04% and drops to 1.368 yrear 2050 and 2070 respectively. The changes in land
use and land cover shows that tree distribution in forest and crop classification will reduce while nearest with shrub
and garden and rice field increase the probabilitysfgrax sumatranéo distibute with small changes

Keywords: Climate change, CMIP5, land use land co$tyrax sumatranaNorth Sumatra, SDMs, MaxEnt

1. Introduction

Climate change is the important issue that influences human activities in the world. This condition haacthe imp
not only on the human, but also for the nature such as plant, animal, and microbiological species over the whole earth.
The impact of this condition can be seen in the aquatic enviror(ideme-Thompson et al. 2011)n agriculture
plant(Dait 2015) and also irforestry as well by fluctuating the intensity, frequency, timing or duration any kind of
disaster such as fire, drought and many noede 2001) In another place, it may occur in pathogen outbréaiy
et al. 2008)

Recently the impact of climate change directly or indirectly affected the tree species. In term of tree growths, the
climate change impact notes significantly. The research shows that the ciraylaf the tree in Thailand decrease
as the result of lonterm climate chang@/lam et al. 2014)In China, tropical acacias that have been planeg w
destroyed by cold damage in inland areas and typhoon damage in coastéBan#asJovanovic, and Harwood
2014) The pines species in Southeast Asia will face the threat from the increasing temperature in the lowland area
(Zonneveld et al. 2009)This fact gives the preliminary sight that climate change will give the impact to the tree
species that spreadingoand the tropical area such as Indonesia with the vast biodiversity threatened.

Indonesia as one of the tropical country experience the climate change for centuries. Mostly in the developed area
where many trees have been cutting and land conversicgagerapidly. After a decade, the climate change in
Indonesia gives the significant impact in every sector such as the economy, poor population, human health, and the
environment and biodiversity. In environment and biodiversity aspect, the forest ficethias as El Nino create 2
million hectares of peat swamp forests were burned, warming temperatures and precipitation changes will affect the
phenology of fruit trees, and treat the orangutan live as the (bdsey 2010)North Sumatra was known as one
of the province in Indonesia that has ém®rmous amount of forest area. Based on Ministry Decree No. 579/Menhut
[1/2014 the total area of Terrestrial Forest Area in North Sumatra is 3,055,794Ha in 2014. However, the cover
decreasing for the year. Nowadays, the total amount of forest coves arép 26.1% of the total of land area. Most
of the area converted into plantation and crop area. This condition leads to biodiversity lost especially the indigenous
one. One of the valuable trees that has a traditional identity for North Sumatra ethBatdk tribe isStyrax
sumatranaThis tree has a long history for indigenous people in North Sumatra.
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Styrax sumatranas one of the valuable trees in North Sumatra has known sificerittiry. The Sumatra benzoin
mostly uses in many aspects such aglacy, food, industry and also traditional ceren(dayusman 2014; Gareia
Fernandez, Casado, and Ruiz Pérez 2003; Silalahi and SunandaiTP@laea oftis species distributed along the
North Sumatra mostly founded around Lake Toba Catchment Area (L{SEpndar 2012However, this species
be threatened by the land use changes and the climate condition that might shift the distribution of the species in the
future as well as the reducing the quality of its gidmas and Kholibrina 2017; Kholibrina, Anas, and Susilowati
2018; Anas and Kholibrina 2018)

Although many activities that have been conducted by the government, local people, an eyevenument
organization to rehabilitate this area, the degradation of biodiversity and land still exists and increase gfadtially
of the rehabilitation trees are not suitable due to the land use and community interest. The income value for the trees
not matched compare with the other crop plantafifandi and Harianja 2008Moreover, the climate change
involves this condition by affected the tree growth in the rehabilitation prodvist of the trees are burned by the
fire and drought by the loagrm dry seaso(itomo, Dalimunthe, and Hutagalung 2015)

Many research have been done to analyze the impact of climate change to species distribution that show the
changes in future conditidq@onneveld et al. 2009; Sohel et al. 2017; Rodrigues et al. 2B8d6%her research using
the GIS model to predict the suitable area for species distribution in current condition by considering the climate
condition(Sunandar 2012; Nimasow et al. B)dHowever, the anthropogenic factor still limited in those research.
One of the research try to include the land use land cover (LULC) changes as the anthropogenic factors in the species
distribution mode(BenitezBadillo et al. 2018)Yet, this research limited in the future and climate model.

Regardhg the condition oStyrax sumatranan North Sumatra and previous research, the understanding about
species distribution dbtyrax sumatranaas one of the valuable trees and ecologically beneficial for rehabilitation
and reforestation, and the threafuture condition need to consider. This information will be used to formulate the
best management to protect the species and at the same time plan the future scenario that will suit regarding the
rehabilitation and reforestation of the North Sumatra regio

2. Objectives

The problem that faced by Indonesia as the country with huge biodiversity is the shifting of tree suitability that
occurs as the result of climate change. This impact will be affected the important speSggdikesumatranéhat
need to notice in the future. Considering the background, several questions that need to be answered:

1. What variable that contributed to the distributiorSofrax sumatrana North Sumatra?

2. How the climate change impact the distributiorsofrax simatranain the future scenario?

The objective conducted as the result of research problems which systematically address the issue into some
research activities. According to several problems that are noticed in this research several objectives et to ach
This research aims

1. To Identify the variable that contributed$tyrax sumatrandistribution in North Sumatra

2. To predict the distribution dBtyrax sumatranan future scenario due to the climate change

3. Data and methodology
3.1 Data

Species Digibution models were used to predict the distributioBtyfax sumatranform the presence data that
collected from observation as primary and literature for secondary data. The presence r&igreX@umatrana
in North Sumatrana collected from two regencies which are Humbanghasundutan and Tapanuli Utara, meanwhile the
others were collected from book with title #fAHFHeora S
Indonesian Institute of Sciencas Lembaga llmu Pengetahuan Indonesia (LIBHartini and Dwi Murti
Puspitaningtyas 2005Jotal occurrence data that collected are 63 data (34 observation and 29 secondary data) that
consists of the name and geographical latitude and longitude coorditlagetafes. Several data that important to
predict the species distribution using maximum entropy modeling is presented in table 1.

Table 1. Datasets for MaxEnt modeling approach

No Data source Year Type
1 Elevation www.earthexplorer.usgs.gov 2017 tif
2 Aspect spatial analysis from DEM data 2017 tif
3 Slope spatial analysis from DEM data 2017 tif
4 Land use and land cove www.appgis.dephut.go.id 1990,2000,2010, 2050, 207( kml
5 Presence data of trees Primary data and literature 2012 .csv
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6 Climate package www.worldclime.org 1990,2050,2070 il
7 Soil Type http://www.fao.org/soilgoortal 2000 .asc

The aspect and slope raster map were developed from elevation data using Spatial Analysis Tools in ArcGIS
program. Elevation was generated from Aster Global Digital Elevation Model (DEM) as 18 tiles in total by 30 arc
second resolutions to cover North Stirma&Region. Furthermore, soil type was downloaded as the global map with
30 arcresolution in raster data. The soil type refers to the Food and Agriculture Organization (FAO) soil type
classification.

Climate package consists of 19 fgilimate data thatelivered from the monthly temperature and rainfall values.

It is used to generate more biologically meaningful variables. The bioclimatic variables represent annual trends (e.g.,
the mean annual temperature, annual precipitation) seasonality (e.g., td eamge in temperature and
precipitation) and extreme or limiting environmental factors (e.g., the temperature of the coldest and warmest month,
and precipitation of the wet and dry quarters). The climate data that was use consists of present dedafidelive

the year 1990 arranged from 196890, 2050 arranged from 202060 and 2070 that provided 208@80 climate

data. This data was included in the Bioclimate explanation provided in the appe@dixDonnel | and | gn

Land use land cover data are collected from three different years which are @@®@n2 2010. The data was
presented by Ministry of Environment and Forestry of Indonesia and converted to raster data using ArcGIS program.
The resolution in 30 arsecond with 25 categories of land cover. According to the purpose of this researcluose red
the number of class by regrouping several categories into 12 classifications.

In term of future prediction, we used four models to forecast the future climate condition in 2050 and 2070. Four
models that we used are CCSM4, CNRN5, MIROC5 and MRICGCOM3 model which are presented as the
bioclimate package. Every model has the bioclimate data that different with other models. Every bioclimate packages
will be used separately in the MaxEnt input for projection analysis. The result will combine the firls mesult
for each year and scenarios using the overlay process in ArcGIS after the MaxEnt modeling applied. Moreover, for
the future scenario of LULC changes, we generated the cellular automata model by using Artificial Neuron Network
(ANN) that instaled in open source program QGIS called MOLUSCE. The program used 2 different year input data
from 1990 as a started year and 2000 for an ended year followed by two variables in raster data which are road
distance and elevation as variable factors. Afterpidael ANN model was chosen to produce the land use changes
followed by run the cellulaautomata simulation to project the changes in LULC for 2010, 2050 and 2070. Those
data were used as the environmental input layer in the projection folder in Maxgiatnpro
3.2 Methodology

In this research, we used 3 software to produce the appropriate data for analyzing procedures. They are ArcGIS
version 10.3.1, QGIS version 2.18.21 with the plugin which is MOLUSGEIGIS 2018and Maximum Entropy
(MaxEnt) for Species Distribution Modeling version 3.4 J. Phillips, Dudik, and Schapire. 201&)ycGIS
purpose to convert and adjust the data for the same extension and domain for MaxEnt modeling process. QGIS was
installed by add MOLUSCE plugin to produce the prediction LULC map for futurasoemalysis.

3.2.1. Cellular Automata and Artificial Neural Network for LULC changes

Simulation of LULC changes provide the baseline scenario to show future scenario and the pattern in future
development. It can provide the anthropogenic impact, identify the land use problem such as the degradation and
deforestation, and the prepare thedaise planninglLi and Yeh 2002)Cellular Automata (CA) is used to modeling
the LULC changes by applying the Artificial Neural Network (ANN). AKX\ aim to determine the transition
probability using multiple output neurons for simulating multiple LULC changes. The structure ofo\i¥ovided
by the figure 1.

Learning procedure

Input data, _..t\weights

Input data, .. weights
ULC Input data, N Highest probability
changes
— LULC classification,
no

yes — LULC classification,
A .
Final
. @ LULC classification,
Input data, — ..;,_, . transition probability
I i
| - ¥ |

Input layer Hidden layer Qutput layer

Figure 1. ANN-CA model for simulating the LULC modify from Li and Ye(2002)
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Neural Network structure consists of three layers namely input, hidden and output layers that showed in figure 5.
The neurons that represented as the black circle and weight as the line between neurons. The neuron is the basic un
to process the signal dmveight use to address the strengths of network between neurons. Each neuron is associated
with classification of LULC. The weights use the training data to obtain the optimum weights based on learning
procedure that called as bggtopagation learning gbrithm. The LULC cell changes take a place if the highest
transition probability above the threshold value and LULC cell unchanged when the threshold value higher than the
maximum transition probability. The threshold used to prevent the LULC changest&bbpin each iteration to
obtain the fine patterns of simulati@ld and Yeh 2002)

The LULC changes was provided using the ARBMW model that lying in MOLUSCE program. The procedure
was followed to obtain the LULC prediction in the year 2050 and 2070. The procedure presented in figure 2.
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Figure 2. Procedure on land use changes analysis
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The LULC changes was produced from the projection on LULC in the year 1990 and 2000. We calculate the changes
from 1990 to 2000 and make a validation from the result of LULC at the year 2010 by comparing it with LULC in
real condition in the same year. dioalyze this procedure we use modules and simulation in QGIS prigeat®|S

2018. The result from the LULC changes was used to simulate the prediction of LULC in future scenario.

3.2.2. Maximum Entropy Approach

Maximum entropy uses the probability distribution to enhance the maximum entropy or area with the highest
similarity. MaxEnt idea estimates a target probability distribution by finding the probability distribution of maximum
entropy (the individual preseathat is most spreaulit), constrained by the data relating presence to the environment

(S. J. Phillips, Dudik, an&chapire 2004)The program starts with a uniform distribution, and perform several
iterations, each of which increases the probability of the sample locations for the species. The algorithm stops when
the number of iterations has been performed or viieigchange in log loss in an iteration falls below a convergence
threshold(S. Phillips 2008)

MaxEnt programs use presermaly data and collect the information related to the environment condition at the
exact point where the location of sample ei&tJ. Phillips, Dudik, and Schapire 200fvo input which is the

sample point oStyrax sumatranaccurrence and the sets of environmental data for the layer for each thenstic rast
map. Each of environmental variable required to be in the same extension, resolution, and projection.
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Due to MaxEnt idea is to estimate the probability of presence by maximum entropy we include the formula that
delivered from Information theory by Shan@ J. Phillips and Dudik 2008)

where:

H is maximum entropy

0

n _ol m_e

g_(x) is a MaxEnt distribution from (2) formula

e

MaxEnt use the probability as the output of species distribution in raster map. The range from 0 to 1 represented the
probability by considered the percentage of contribution for each variable input. The probability is displayed as gain
which is started atexo (the gain of the uniform distribution) and increases as the program increase the probabilities

of the sample locatio¢s. J. Phillips, Anderson, and Schapire. 2006; S. Phillips 2008)

MaxEnt use receiver operating characteristic (ROC) to compares model performance evaluation by-threshold
independent evaluation. The nedgerformance provides by the Area under the ROC curve (AUC) were ranged from

0-1%. This ROC plotting sensitivity andspecificity. The higher AUC mean the model perform béged. Phillips,
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3.2.3. Analysis procedures

The procedures start with the data collection from presence data and environmental datasets. Then, we analyze the
Species distribution of thBtyrax sumatrandorm three function which is bioclimate that consists of present and
future climate datasets; Bpghysic consists of altitude, slope, aspect and soil type that not changes from present to
future; and the last is anthropogenic that represented by the LULC which are consists of present LULC and future
prediction of LULC. The Maximum Entropy Approachuised to predict the species distribution at current condition

and predict the future condition to produce the future scenario that might occur as the result of Climate Change impact.
The overall procedure presented in figure 4.

Multi-source datasets: i { Climatic factor 7
1. Srvrax sumatrana spatial
distribution
2. Altitude Maximum . .
3. Slope ] Anthropogenic factor L Entropy el
scenario
4. Aspect Approach v
3. Soil type
6. Land use & cover ) o
\\ 7. Bioclimate packages / L Biophysical factor
Data collection Species Distribution Model Output

Figure 4. Procedure ahe research

The MaxEnt analysis procedures start with the presence data. The pf&tyeaxcsumatranbcation will be placed

into an administrative map of North Sumatra as the base map that will be used to standardize the extent of domain
area for eaclof environmental layers in data sets. Next, we divide those data into three main variables namely
Bioclimate, Bio physic, and Anthropogenic. Bio physic consists of altitude, aspect, slope, and soil. Those data
considered as the same data for future ptiedicMeanwhile, Bioclimate which is consists of 19 bioclimate data that
representing precipitation and temperature condition for every monthly, seasonally and annually information have
two future scenarios which are RCP4.5 where the temperature estioratse around 1.4 to 38and RCP8.5 by
estimation 2 to 39C temperature increments globally. Moreover, the LULC changes in the future presented
anthropogenic activities will be used to coincide with both climate changes future scenarios. The dulygut wil
interpreted by estimate the changes from current to the future scenario wh&wyrthe sumatrangotential
distribution occurs.

3.2.4. Future scenarios

We use the climate and anthropogenic variables in the future scenario which are applied in MaxEnt modeling. The
19 Bioclimate represent the climate variable. The scenario was chosen from RCP4.5 and 8.5. The data collected from
4 models namely: CCSM4, CNREM5, MIROCS5, and MRICGCM3. The future scenario was presented by
Hijmans (2005) by interpolated climate surfaces for global land areas at a spatial resoflu®rarc second that

produce a higher spatial resolution data. This data availablennworldclime.org(Hijmans, Cameron, and Parra
2005)website for version 1.4 thatwer historical, present and future climate packages. Another future scenario was
LULC that represented the anthropogenic factor.

We use the raster map of LULC from the year 1990, 2000, and 2010 as the input in the program. The program uses
the Artificial Neural Network to analyze the changes and modeling the future scenario of LULC. The Cellular
Automata model was used to run the simulation of the projection map. Finally, the validation was made for the LULC
map in the year 2010 with the real map in thary@910. Thus, we apply the simulation for the projection in the year
2050 and 2070 as the same year as climate changes scenario. LULC changes scenario in each year was installed |
the same file with both scenarios on climate changes which are RCP 4% almithis research, we did not divide

the LULC scenario into a low and high scenario that represented by RCP 4.5 and 8.5 respectively

4. Results

4.1. LULC prediction

The LULC prediction was calculated using the AIIM model. The percentage of area changes was presented by a
transformation matrix that used as the input for the neural network to learn the transition probability for every input
to produce the LULC outplaiyer. The LULC changes matrix produced by comparing the percentage of LULC area
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between LULC in the year 1990 with the year 2000. AGIN model shows the prediction of LULC for the year

2010 by calculating the transition probability of every cell in tiyedahanges between two different LULC raster

map by considered the altitude and distance from the road as the explanatory variables. The validation was
implemented by comparing the factual LULC in the year 2010 with the prediction LULC in the samehgear. T
simulation shows the percentages of correctness 87.82% with a kappa value of 0.83. The percentages of correctnes:
show the percentage of predicted area that precisely same as the real area in the same year. The kappa value shov
thedegree of accuracynd reliability in a statistical classification. The value 0.83 show the high agreement between
two LULC different maps in the same yg€handis and Koch 2016)

LULC prediction shows the land use changes of the suitable LULC classification for Styrax sumatrana. To underline
the impact of LULC on Styrasumatrana distribution in MaxEnt, the changes of land use classification need to
consider. The percentages of changes presented in table 2.

Table 2. Percentage of land use land cover changes
Percentage (%) of land use changes

Classification

20702050 20762000 20502000 20162000 200061990
Crop -0.0012 -1.2860 -1.2848 -0.9777 1.3730
Forest and Plantatic ~ -0.0477 -1.7256 -1.6779 -1.5164 -1.9777
Garden and rice fiel 0.0073 0.3606 0.3532 0.6102 0.0485
Shrub 0.0220 0.1768 0.1547 0.0471 -1.2761

They are 12 classifications that used in the analysis where four classifications were chosen as the potential distribution
area forStyrax sumatranaviaxEnt provides the information for categorical data to underline the category that has
presence record data information and the suitable probabilByyoix sumatranin every category. The MaxEnt

result for LULC variable show crop; forest and plaiotatgarden and rice field and shrub have the highest probability

for Styrax sumatrandistribution. The changes of those areas shifted the potential distribuBiprak sumatrana

in the future scenario. Table 8 revealed the percentage of shrub aed gaddrice field will higher around 0.1547%

and 0.3532% between 2000 to 2050 and 0.0220 and 0.0073% between 2050 to 2070 respectively. However, the cror
and forest and plantation area will decrease by 1.24848% and 1.6779% betwe205D0tllowed by 0.012%

and 0.0477% between 2050 to 2070 respectively. The changes trend followed the changes from 2000 to 2010.

FoON

100N

000"

- Others
l—] Crop

o :I Forest and Plantation
I Garden &Rice Field
- Shrub

Figure 5. The LULC classification based on the suitable land us&fprax sumatianay mvaxeri
model (a) the LULC at the present year 2000, (b) the LULC prediction in the year 2050, (c) the LULC
prediction in the year 2070
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4.2. Species distribution ofStyrax sumatrana

Based on the species occurrence they are 63 individual trees ldbatidvas been recorded. From this number, 34
presence records used for training. The number decrease because of thedokition that used at raster map.
However, the omission on the training sample close enough with the predicted omission thahehoaisirg

sample represented the area well.

Maximum entropy program output gives the result of Area Under Curve (AUC) for validated the performance of the
model. The result showed the AUC number is 0.949. The highest value in AUC describes the bedstymod
considered all variable that used in the model and the lower than 0.5 show the model not even good rather than
random prediction.

The probability potential area f@tyrax sumatrandistributed in the region based on the variable that includes in
the model. The probability values ranging from 0 to 1 where the higher values show the highest probability for the
species to distribution in the site. The color in figure 8 represent the potential distributgipréor sumatranand

the white plot show # occurrence tree that being use as a sample.

Figure 6. The presence suitability 8tyrax sumatranaising MaxEnt program

The result in the Maximum Entropy model shows the probability of area that suitable distributiStyrfmx
sumatranan North Sumatra region spreading around LTCA. The warm color (yellow to red) cover the area in small
percentages. The suitable area represented by the probability values that show besides the colors that ranged fron
0.4to 1.

The other results providae percent contribution of each variable that being use as environmental input in the model.
High contribution shows the value of the variable in decided the potential distribution of each grid in the area. The
percent contribution of the variable in theaMEnt model provided in table 3.
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Table 3. percent contribution for every variable in the MaxEnt model

Variable Description Percent contribution
bio 11_styrax Mean temperature of coldest quarter 28.5
alt_styrax Elevation 26.3
lulc_styarx Land use anthnd cover 15.4
soiltype_styrax type of soil based on FAO classification 7.4
bio2_styrax Annual mean diurnal range temperature 5
biol19_styrax Precipitation of coldest quarter 3.1
aspect_styrax The degree of aspect related compass 2.8
bio3_styrax Iso-thermality 2.7
biol7_styrax Precipitation of driest quarter 2.3
biol6_styrax Precipitation of wettest quarter 2.1
slope_styrx The degree of slope 15
biol8_styrax Precipitation of warmest quarter 0.7
biol5_styrax Precipitation seasonality 0.5
bio5_styrax The Maximum temperature of warmest month 0.4
bio7_styrax Annual temperature range 0.4
bio4_styrax Temperature seasonality 0.3
biol13_styrax precipitation of wettest month 0.2
bio8_styrax Mean temperature of wettest quarter 0.1
bio6_styrax The Minimum temperature of the coldest month 0
biol0_styrax Mean temperature of warmest quarter 0
biol4_styrax Precipitation of driest month 0
bio9_styrax mean temperature of the driest quarter 0
biol2_styrax Annual precipitation 0
biol styrax Annualmean temperature 0

High percent contribution for the model was noticed by bio 11 (the mean temperature of the coldest quarter). This
variable has 28.5% contribution to predicting the potential are&tjoax sumatranalistribution area in North
Sumatra region. While 26.3% by elevation and 15.4% by LULC. The other 2 variables that have more than 5%
contribution are soil type and annual mean diurnal range temperature by 7.4% and 5% respectively. In this research,
we conddered the variable that represents the Bioclimate (temperature and precipitation), Anthropogenic (LULC)
and Bio physic (Altitude and Soil type) that have high percent contribution to be discussed. Even though, the others
variable still have the impact ®stimate the potential distribution area fiyrax sumatranalThe changes in the

future affect the model and total area that suitable for this species to survive and distributed.

4.3. Climate changes impact on Styrax symatrana

The climate change impaatas measured by the future predictiorBofrax sumatrandistribution in two different
times which is 2050 and 2070. As the base distribution modstyoéx sumatranathe result at present year was
produced by implementing the climate package for ptdgan and LULC raster map at the same time. The result
of species distribution modeling presented in figure 7.
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Figure 7. Potential distribution model &tyrax sumatranat present year (2000) (a). The probability

of presence as predicted by the MaxEnt modelljds shown with the percentage of area for each
suitable classification. The green points show the occurrence of trees in site

The figure 7 showed the total arémat highly suitable foStyrax sumatranas 0.5454% of the total area with the
probability between 0.8 to 1. The area becomes wider by the decreased probaBilitsafosumatranto distributed.

The future prediction shows the differences in theablétarea between four models as the input in climatic factor.
The MaxEnt output provides 8 results of the future probability distribution for each prediction year. However, the
differences between models have the same direction of the probability ibfudiistr area foStyrax sumatranal he
comparison of suitability area changes for each scenario provided in figure 8.
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Figure 8. The comparison between 4 models of the climatic factor by the different year for RCP
scenario 4.5 (a) and RCP scenario 8bj.

The result from 4 models per each scenario was overlaying by giving the same weight for each model to produce the
average suitable area f8tyrax sumatrandistribution model. The result was applying in the projection map for two
scenarios which is 4.5 and 8.5 which is presented in figure 9.
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Figure 9. The number presented the percentage of suitable ar&tyficex sumatranalistribution by

equal distribution of probability 20 % which is represented by color. Blue (light and dark) shown the

area that not suitable or probability < 40 % and the others as the suitable area. The projection map by
4.5 scenarios in 2050 (b) and 2070 (c); by 8.5 scenarios in 2050 (d) and in 2070 (e)

The climate change impact fStyrax sumatranhas been calculated using MaxEnt program by added two scenarios
for 2050 and 2070 years. The result was showed in table 4.
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Table 4. Percentage (%) of suitable aresSiyrax sumatrandistribution per year
Percentage (%) of suitable area foStyrax sumatranadistribution per year

Climate Change

Scenario 2000 2050 2070
RCP4.5 8.91 3.87 (2.058.19) 3.54 (0.0313.76)
RCP8.5 8.91 3.04 (0.037.27) 1.36 (03.15)

The percentage that presented in the table is the total suitable area from three probability class highly suitable,
moderately suitable and marginally suitable that probabilities are ranged from 0.4 to 1. During the number of models
that were used in prajgon, the average percentage of the area was used in each year by showing the range from low
to high area that suitable f8tyrax sumatranalhe first scenario shows the potential distribution in 2050 is 3.87%
followed with 3.54% in 2070. The result inet second scenario drops from 3.04% in 2050 to only 1.36% in 2070.
The range in RCP8.5 prevails the extinctiorstyfrax sumatrana 2070 with 0% of the potential distribution in the

North Sumatra region.

5. Discussion and Limitation

5.1. Maximum Entropy result

Maximum entropy provides the result of potential distributionStyrax sumatranén certain areas that sufficient

by environment requiremerstyrax sumatrans the species that rely on the dry soil which mean it cannot survive

in the intndated area. The high porosity on soil is important for this species to s{ilauesman 2014 he result

shows that mean temperature of the coldest quarter acigifation of coldest quarter have a great contribution to

the model. This means that the temperature and precipitation in the coldest quarter is the variable that creates the
limitation for the species to survive. The MaxEnt result present that the ragahility for Styrax sumatrana
distribution located in the area with the temperature beld\® 22d precipitation between 3400 mm/day in the

coldest quarter.

The temperature increase in the future scenario shows the extinction for most of the current location in the North
Sumatra region. The high temperature over the species sufficient threshold can lead to the extinction and drought for
the specie$Sohel etal. 2017) Most of the area that suitable in current condition was distributed on the altitude more
than 600 to 2,000meter asl. However, the future scenario shows that most of the tree in lower altitude will be extinct
and survive in the mountainous are

The future scenario shows that the increase in temperature in 2050 and 2070. This condition shifting the suitable area
for Styrax sumatran&rom the area around LTCA to the northern of LTCA (showed in figure 10). This area has the
high altitude rathethan other places. This shows that the temperature has a linear correlation with the increasing of
elevation. This distribution area has a similar condition with the research that shows the pines tree in Southeast Asia
will increase in highland and reduaelowland area due to the increasing of mean annual temperature, seasonal
temperature and annual precipitat{@onneveld et al. 2009)he research by Rodrigug15)shows the reduction

area for three speci@s Brazilian tropical dry forest and completely lost by 2080. In his research precipitation of
wettest quarter and temperature seasonality have the high percent contribution for the suitability area probability.
The altitude of styrax distribution rangém 600 to 2,000 m above sea leyg@gayusman 2014)This altitude

provides the best condition for tBéyrax sumatranto distributed as the result form MaxEnt pabBity distribution

prediction area. This result supported by the same researtyfax sumatransat being implemented in North
Sumatra region using the GIS analysis that gives the high value for elevation as the important vafynlaxfor
sumatranato distribute in the areg@unandar 2012 his variable followed by the LULC of the area. The jackknife
analysis inérpreted that LULC is the important variable that will decrease the probability of distribution when its
omitted from the modeStyrax sumatrans the species that mostly spread around human settlement as Styrax garden
(GarciaFernandez, Casado, and Ruiz Pérez 20t®&sides in Forest and shrub area where the competition of
nutrition is lesgJayusman 2014)The changes of the LULC give the direct impact on the distributidstysfix
sumatranalue to the decreasing of the forest and crop area where the species occunighestibesides the garden

and rice field and shrub area.

5.2 Impacts of land use changes

The management of Styrax sumatrana has been developed for a decade in the indigenous forest
management systems (Garcia-Fernandez, Casado, and Ruiz Pérez 2003). This management
represents the harmony of the economic, ecological and social objective in forest management.
However, the changes of LULC create the disturbances in this management from the economic,
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ecologic and in the social aspect.

One of the indigenous forest management in North Sumatra is Benzoin garden or known as the Styrax
sumatrana garden. T his species is important for the forest community that depends on the benzoin
from the Styrax sumatrana yield. The research shows that the total area of Styrax sumatrana has a
positive correlation with the production of Styrax sumatrana benzoin (Purba, Budiani, and
Mardhiansyah 2017) . This condition shows that the reduction of area for the Styarx sumatrana to
distributed will decrease the income for th e forest community as also known as the benzoin farmers.
In economic value, Styrax sumatrana benzoin gives the income for the benzoin farmers around 47.64%
to 79.23% from the total income. This sample collected from 3 - 4ha area of benzoin garden which
produces 98 - 554kg/ha benzoin per year (Purba, Budiani, and Mardhiansy ah 2017; Jayusman 2014) .
For the ecological aspect, the reducing of suitable area correlated with the land use change of the
forest and crop area. The research shows this area give the high percentage of the  Styrax sumatrana
to regrowth from the coppic e system which is used to regenerate the trees without cutting the
trees(Garcia-Fernandez, Casado, and Ruiz Pérez 2003) . MaxEnt result shows the high probability of
this species to distribute are in the crop, forest, open area and garden and rice field. Meanwhile, the
scenario from MOLUSCE model shows the deforestation increase by the changes to plantation (5%)
and open area (2%). Even the other suitable area such as garden and rice field and open area increase,
the value is below the deforestation and conversion from crop to other land use. These land use
changes give the impact to the future projection of  Styrax sumatrana distribu tion that will decrease.
In social aspect, the land use change mostly occurs as the intervention of plantation company that
occupied the forest, crop and garden area from the benzoin farmer and other forest
community (Ambarita and Sito rus 2015). The benzoin or styrax garden is an important area that
contributes to forest and green area protection. The yield from the Styrax sumatrana as the non-
timber product is essential in rehabilitation and reforestation program. However, the chang es in
LULC and the impact of climate change in the future will be the challenge for the forest management
authority. In one hand the rehabilitation with the valuable tree species ( Styrax sumatrana ) is
beneficial, on the other hand, the suitable area will d ecrease in the future. When the authority
changes the species, most of the farmers will be shifting from the benzoin farmer to other farmers
such as coffee, vegetable, or migration to the urban area. Furthermore, the forest sustainability will
decrease and change into the plantation, or residential area. While many farmers loss of a job and
income.

The MaxEnt result shows the suitable area for Styrax sumatrana at the present time is 8.91% of the
total area of North Sumatra whichis  71,068.68 km 2. However, t he forest area in LULC classification
will reduce. The scenario shows that in 2050 and 2070 this area will decrease by 2.9% and 3.01 %
respectively. Moreover, the suitable area in the RCP scenario will decrease 3.87% in 2050 and 3.54%

in 2070 by RCP 4.5 an d 3.04% in 2050 and 1.36% in 2070 by 8.5 scenario.

Finally, the land use change will give the impact on economic, ecologic and social aspect for the
benzoin farmers, Styrax sumatrana distribution and forest management system. The Styrax
sumatrana distrib ution in the future will decrease as the impact of climate change that supported by

the land use changes.

5.3 Limitations
This research uses the Maximum entropy model to assess the impact of climate chandgatyoaxteimatrana
distribution and the MOLUSCE program to predict potential changes of LULC for the years of 2050 and 2070.
However, several limitations were raised during the research as follows:
- The input data used in this research still have limitations. The numksnpfesand diversity is low, which give
the drawback to analysis the data using MaxEnt model. The input data for LULC collected from the secondary
data which is needed to produce the more suitable prediction.
- The number of station and climate data nedddrease for better evaluation and validation. The future climate
data used in this research is limited to four models from CMIP5 and two scenarios such as RCP4.5 and RCP8.5.
- The resolution that was used is around Ziemather rough for LULC analysis. &hdetail of LULC area can be
a merge between one classification with another classification.

6. Things to be done further
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The result still has limitations that need to be solved in the future. Regarding to the objectives of this research, further

improved research need to be done.

- The higher resolution (around 30 meters) can be used to produce more detail classification of LULC.

- Providing the primary data for LULC from satellite image to produce better LULC map

- Increasing the sample number and tagato minimize the bias and increase the data to analyze. The comparison
with data in low altitude can be used to improve the analysis.

- Upgrade the number of climate model and station for improve the validation.

- Extent the research area to broaden the probability for species distribution area
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Abstract

Flooding is one of the major desttive natural disasters in Davao Oriental, Philippines, and results primarily
from a high incidence of typhoons and heavy rainfalls. The main objective of this study was to identiprdlo®d
risk areas by mapping them based on the integration of-omitéiria data, including rainfall, slope, elevation,
drainage density, soil type, distance to the main channel and population density. For this purpebasadil8od
risk spatial assessment was conducted by using analytic hierarchy process (AHR} yerank (WR), and ratio
weighting (RW) frameworks in the province of Davao Oriental. The ratiteria analysis using the AHP, WR, and
RW methods allowed the integration of several indicators under two criteria, hazard and vulnerability, fosKlood ri
mapping. The comparison results shows that AHP is the most appropriate method among them to assess flood hazard
The multicriteria analysis using the AHP method allowed the integration of several indicators under two criteria,
hazard and vulnerabilityor flood risk mappingThe resul ting pood risk map show

is presently under the |l ow and moderate pood risk ca
in the future. The hreagtovenapmoximatety 2% ¢f the grovifce ai preseni aackshow

no dramatic change in the future. Presently, 19 out
in the coming years, only one barangay will be added to the very highfisk poods. These barang
category of pood risk are primarily situated on ri Vve

makers are needed to develop a commtivéised disaster risk plan under the future conditions.
Keywords: flood risk, ranking, rating, analytic hierarchy process, ralteria analysis, Davao Oriental, GIS

1. Introduction
1.1Background

Flooding is considered one of the most seriousvaddspreadatural hazards due to its devastating effects that
endanger lives and cause property damage in the affected(@egasnah et al., 2016; Elkhrachy, 2015; Forkuo,
2011; Gigovil et al ., 2017; K aTheckangng dirhateddhaviour @ éxttebne P a
rainfalls and typhos are the primary contributors to this problem. Human activities such as urbanization and the
growth of settlements and assets in flooding areas likewise contribute to the increasing impacts (@dluatsh
et al., 2016; .Gigovil et al., 2017)

Phenomenaommonly contributed to flooding are the limited capacity of river channels, human settlements in
low-lying areas and rapid growth of human settlements without upgrading the drainage infrastiivéypesblems
related to flooding have increased extensively, and there is a need for efficient modelling to help mitigate the worst
effects of flood disastef®tieno, 2004)Effective modelling will help in proper flood risk management planning and
provides various insights into addressing the hazard and disastensoblis necessary to establish and implement
a systematic approach to define areas that may have disastrous flood events.

Hazard mapping is a vital component of flood risk management. A flood hazard map shows the extent of water
level in a flooded are&nother critical element in flood risk management is flood risk mapping, which shows the
potential risk to the population, economy and environment due to flopdeég govi I et al ., 2017)

In the Philippines, the occurrence of natural hazards and disasters is frequent due to the physical environment of
the country, which faces the Pacific Ocean where catastrophic typhoons originate from. Furthieen®diéppines
is located in a part of the Pacific Ring of Fire. The Philippines is vulnerable to typhoons, floods, earthquakes, storm
surges, and tsunami&urenko and Lester, 2004)he primary causes of the disasters in this area are typhoons and
flooding because of their frequent occurrence and their magnitude of impact to the society. Apdsogiéhate
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typhoons per year approach or make landfall, and this is the highest frequency of typhoon events in the entire world
(Otieno, 2004)

On the other hand, Mindanao Island, as described, is known to be rather typhoon free regions with less flood and
storm surge risk in the Philippines. However, disasters due todtgiicm Sendong (international name, Washi) in
2011 and Super Typhoon Pablo (international name, Bopha) in 2012 changed that. Mindanao is now considered to
be in one of the typhoon paths. These two deadly storms killed more than 1,000 persons amupleditoadely
100 missing persons because of heavy rains that triggered the rivers to overflow and that caused flash floods and
landslidegNational Disaster Risk Reduction and Management Council, 2012a, 20Ea)o Orental is located in
the southeast of Mindanao Island, and disasters due to floods and storm surge in this region are anticipated to be more
frequent under global warming. Therefore, Davao Oriental is considered for the study area.

Because of the prevailingccurrences of natural disasters that regularly hit the Philippines, the government
created a law to reinforce preparation for possible calamities. The Republic Act 10121, also known as An Act
Strengthening the Philippine Disaster Risk Reduction and Megneagt (DRRM) System, was implemented,
providing the national disaster risk reduction and management framework and institutionalizing the national disaster
risk reduction and management p(&epublic of the Philippines, 201@espite the enactment of the DRRM law,
the local government units were not ready to face natural calamities such as typhoons and heavy rainfalls that cause
massive flooding. Thusgffective flood risk assessment and strategies should be established, especially at the
barangay (local term for town) level since each barangay area has its own physical and social characteristics.

Even though flooding is a severe hazard in Davao Orighualto the typhoon, heavy rainfalls and storms,
insufficient attention has been paid to flood hazard assessment. Recent scientific work undertaken in the province of
Davao Oriental by Lagmay et gR017)was concentrated on flood mapping in major river basins, which is a
significant esearch gap identified by this study. They used a piecemeal approach because onlyaifandithe
inefficiency of the drainage network were considered to cause river overflow, and their study did not provide further
insight into the entire provincé&nother study on the vulnerability assessment after Typhoon Pablo was conducted
by Ross (2015) using light detection and ranging (LIDAR) as the primary tool. Adsglution DEM was used to
generate twalimensional flood simulations of the floodplaingngsFLO2D. Ross (2015) determined thati128%
of each of the eight municipalities are susceptible to flooding: mostly residential, business and community centers.
Ross (2015) also revealed that a storm surge with a height of approximately 1 m reachedB®d from the
coastline during Typhoon Pablo. Unfortunately, this study focused only on the east coast municipalities, and Typhoon
Pablo affected the entire province.

All the floodingrelated studies in Davao Oriental are beneficial to providing abgpaesentation of the
distribution of the flooded areas. However, no studies have yet to undertake the evaluation and flood risk mapping of
the entire province of Davao Oriental using multiple datasets. Thus, the objective of this study is to idedtify f
prone risk areas and map them based on several factors that are relevant to the study area. For this purpose, a GIS
based process for the spatial assessment of flood hazard was conducted by using the concepts of the analytic hierarch
process (AHP) atio weighting (RW), and weights by rank (WR) frameworks with the ratitééria including rainfall,
slope, elevation, drainage density, soil type, distance to the main channel and population density.

1.2 Literature Reviews
1.2.1Flood risk assessment methodology
There are general three ways of flood susceptibility assessment using; i) hydrological models such(as SWAT
etal., 2017)HEGRAS (Veleda et al., 2017and FLORA2D (Manfreda et al., 2015)) nonlinear machine learning
algorithms such as decision tr@hrany et al., 2013prtificial neutral networkKia et al., 2012) support vector
machine(Hong et al, 2018b) and random foregWang et al., 2015)ii) quantitative approachesich as frequency
ratio (Tehrany et al., 2017)ogistic regressioiiTehrany et al., 2017 weightsof-evidence(Tehrany et al., 2017)
genetic algorithn{Hong et al., 2018a)ifferential evolution(Hong et al., 2018ajnd analytic hierarchy process
(Cabrera and Lee, 2018a; Danwmah et al ., 2016; Gigo\v
The abovementiomemethods successfully provided flood susceptibility assessment, but every method faced
some limitations. In hydrological modelling, the preparation and calibration of parameters are time coft$ongng
et al., 2018aand it needs high requirements of computer resources. While the quantitative modelling like statistical
and datadriven methods increased the subjectivity as it requires an expert to select the flood conditioning factors. In
the nonlinear machine learngalgorithms, it may lead to poor projections due to the large and inconsistent value
ranges in the datas€Bui et al., 2016; Hong et al., 2018&) this study, the quantitative approach, AHP, was used
for flood risk assessment. Furthermore, othemtjtative approaches such as RW, and WR were also applied for
flood risk assessment, and their results were compared with that from AHP. These approaches have the capability to
include multiple datasets and can be used on limited computer resourcegsiiigmultiple data sources potentially
allows for more reliable disaster risk reduction plan, especially in the context of flood management and mitigation.
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For multrdata sources, the muttriteria analysis approach has become widely used to solve copip@omena
andto assess floodrigkDanumah et al ., 20 hgetal, @01l Yahayd, 2080 al ., 201

AHP is a popular and widely used method developed by $4880)to solve a wide rangef multi-criteria
decisioamaking problems, combined with the use of a pairwise comparison matrix that calculates the weights of
every criterion considered. The uniqueness of applying AHP in different studies helps in modelling situations of
uncertainty vithout losing subjectivity and objectivity of any evaluation meagDemumah et al 2016) Recently,
researchers have given considerable attention to using AHP in flood risk assessment. In those case studies, it has bee
shown that AHP can assess and map flood risk areas with reliable accuracy. However, the result is based on expert
opinions and thus may be subjected to intellectual limitations due to uncertainty and subjectivity. In Danumah et al.
(2016) AHP was used to integrate several elements under two criteria, hazard and vulnerability, for flood risk
assessment and mapping. The slope, drainage density, type of soil, and isohyet were the elementsessd to ge
their hazard map. The land use, population density, and drainage system were the elements used to create thei
vulnerability map. Danumah et §016)evidenced the reliability and the powerful role of geoinformation techniques
in natural disaster assessment that requires the contribution osowitie data. In Elkhrach{g015) a flash flood
map was generated by using satellite images and the AHP was used to determine the relative impact or weight of
flood-causative facts: the runoff, soil type, surface slope, surface roughness, drainage density, distance to the main
channel and | an2dl7)can@ucted@ stugydlheihdzare zone andpping of urban flgmdne areas
using a GIS multcriteria methodology by considering six factors relevant to urban flooding: the height, slope,
distance to the sewage network, distance from the water surface, water table, anel @hdiusesults indicated
that the scenario in which the methodology was used provides the highest level of compatibility with historical
flooding data. The case studies of Danumah €Pall6) Gi g o \(2017) aad Elkladchy2015)were highly
accurate in determining flood risk assessments with different causative felctiescer, the result is based on expert
opinions and thus malye subjected to intellectual limitations due to uncertainty and subjectidreover, the
criteria differ in each case study because of the availability of data and the characteristics of the study area.
1.2.2Applications in global scale
A warmer climae would increase the risk of floof®CC, 2012) Floods events account for tvtlairds of the global
population affected by all naturally triggered disaster ev@RSC, 2012) However, only a few types of research
(Alfieri et al., 2017; Hirabayashi et al., 2013, 2008; Milly et al., 20@R)e projected changes in floods on a global
scale. This is primarily because of theitation of spatial coarse resolution in GCMs. Milly et al. (2002) investigated
changes in flood extremes using monthly river discharge data for both gauge observations and GCM simulations.
They found that the risk of great floods increased during the@Bttury, mainly over the high northern latitudes,
and that this increase may continue. Moreover, Milly et al. (2002) and Alfieri @04l7) study results indicate a
clear positive correlation between atmospheric warming and future flood risk on a global scale. Changes in flood risk
are unevenly distrided, with the most substantial increases in Asia, U.S., and Europe. AnothefHitathayashi
et al., 2013) a globalscale flood risk assessment using multiple change models concluded that an ensemble of
projections under a new higloncentration scenario demonstrates a substantial s&cieaflood frequency in
Southeast Asia. Furthermore, Hirabayashi e(28l13) revealed that the global exposure to floods would increase
depending on the degree of warming. As a conclusion, the studlilf et al., 2002) (Alfieri et al., 2017) and
(Hirabayashi et al., 2018¢veals that the Philippines as part of the Southeast Asia is substantialgttoedcountry.
Thus, flooding in the Philippines is the result of extreme rainfall and typhoon occurf€abesra and Lee, 2018a)
The next suksection will discuss the application of the flaedated studies focusing on the Philippines.
1.2.3Applications in the Philippines

Over the past decades, recurrent flooding associated with typhoons, monsoons, and heavy rains, has proven tc
bea significant issue in the Philippines. Recent laagale floods associated with typhoons Haiyan (Yolanda) in 2013,
Bopha (Pablo) in 2012, Nesat (Pedring) and Washi (Sendong) in 2011 as well as Ketsana (Ondoy) and Parma (Pepenc
in 2010 have all led to assive flooding and thousands of casualties (Cadag et al., 2017; Gilbuena et al., 2013). With
the continued population growth in hazgmbne areas, it is expected that damage to infrastructures, agriculture, and
human losses would persist unless apprépraeasures are immediately implemented by the government. Several
studies conducted to determine the impacts of floods among the population in the poor urban arddafzteleta
2002), transportation (Yu et al., 2013), education (Cadag et al., 201 ggandture (Toda et al., 2017).
The agriculture sector is profoundly affected because of the typhoon that brings extreme rainfall and flooding. Toda
et al. (2017) conducted a LIDARased flood modeling approach for mapping rice cultivation. The sty ais
LIiDAR -based digital elevation model (DEM), river discharge and rainfall data to generate flood inundation maps.
By applying spatial analysis, rice cultivation zone maps were derived. This study is instrumental in avoiding damages
in rice cultivation &en during typhoon season. Thus, a resilient approach to fight against the flooding.

On the aspect of impacts of the flood in the poor urban area, Z¢tdetis (2002) conducted impacts of

flood hazards among street children, the urban poor and resifewtsalthy neighborhoods in Metro Manila,
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Philippines. This study argued that being poor is not the only reason why this sector is more vulnerable to floods, the
lack of participation in decision making intensify their present and future vulnerabilityelasSeveral policy
recommendations on hazard management and disaster mitigation are identified in this study to reduce flood losses in
Metro Manila.Recurrent flooding impacts on educational continuity in the Philippines was conducted by Cadag et
al. (20L7). This study provides an understanding of the impacts of both large andca@floods in the education

sector of Metro Manila, Philippines. Findings suggest that impacts of-so#dl floods to school communities
(students, teacher, and staffs)imhato the most marginalized students were considerable and their cumulative
impacts may be comparable or more important than4segke floods. However, they remain poorly documented

and are not addressed by any disaster risk reduction policies irodinéryc Also, local capacities of school
communities which are more apparent in times of ss@lle floods are also neglected. The study then argues that
meaningful policies and actions which aim to reduce disaster risk and thus address the globgliciésienin the
education sector should fully consider snszidle disasters and floods.

According to Yu et al. (2013), natural disasters cause unexpected disruptions to the flow of goods and
services in an economy. These disruptions may affect produatiansingle sector, but sector interdependence
guarantees that this will trickle down to other sectors, leading to increased damages. This study seeks to provide an
estimate of the impact of a disruption in the transportation sector in the largestrisla@hilippines and its ripple
effects. Aside from inoperability, economic loss is also assessed. Results show that the sectors that were strongly
affected, both regarding inoperability and economic loss are mainly manufacturing, agriculture andemwices.

Flood assessment varies according to its purpose as shown in the abovementioned researches. In this study
the potential impacts of climate change on flood hazards and population risks are investigated using the temperature
and rainfallprojections from the CMIP5 predictions of the IPCC under the RCP4.5 and RCP8.5 scenarios.

2. Objectives

To investigate theainfall projectiongor the region from th€MIP5 prediction®f the IPCC under thRCP4.5and
RCP8.5scenarios.

To identify thepotential impacts of climate change flood hazardsn the province of Davao Oriental based on the
multi-criteria data analysis (MCDA)singAnalytic Hierarchy Process (AHP), Ratio Weighting (RahdWeights

by Rank (WR) approaches.

3. Data and methodolog

3.1 Data

3.1.1. Rainfall Records

The observed rainfall data were obtained from the Hinatuan and BRX$Btations (Figure 1(D)). The
Hinatuan Station has observed daily rainfall data from 1990 to 2015. The-BREStation has observed daily
rainfall data from 2006 to 2015. These twoista are far from the boundary of Davao Oriental. The distances of
the Hinatuan and DOSRXI Stations from the nearest border of the province are 43.9 km and 33.4 km, respectively,
as shown in Figure 1(D). Therefore, using the rainfall data from thesstations would give an unreliable result
because of their geographic locations.

To address the geographic limitation of the weather stations, rainfall data were obtained from the National
Climate Data Center (NCDC) and the Global Precipitation ClimatdBmmtre (GPCC) (Table 1). The NCDC rainfall
data are the global daily forms of precipitation with a spatial grid resolution of 0.5° latitude x 0.5° longitude. In
contrast, the GPCC rainfall data are the global daily forms of precipitation on a regulsitlyadspatial resolution
of 1.0° latitude x 1.0° longitude. The rainfall data from sitktsee coordinates were extracted within the boundary
of Davao Oriental (Figure 1(B)). Additionally, the nearest grid points were compared to the Hinatuan Station and
DOST-RXI Station to evaluate the reliability of the data. Figure 2 reveals that the NCDC rainfall data show good
agreement with the observed rainfalls at the two stations. The GPCC rainfall, however, depicts lower values at
Hinatuan, while the rainfall @OST-RXI shows good agreement with the observed and NCDC rainfalls. Then, the
NCDC rainfall data were interpolated since most of the related studies of flood hazard mapping used an interpolation
method to create the rainfall distribution n{@anumah et al., 2016; Kazakis et al., 2015; Wang et al., 2011; Zhang
et al., 2015)
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Figure 1. Comparisons of the observed annual rainfalls at the (A) Hinatuan and (B)-BRISStations with the
NCDC and GPCC rainfall datasets. The locations of DO20 and DO63 are 7.083°N, 125.95°E, and 8.00°N,
126.33°E, respectively.

Table 1. Summary of the dataset used in this study; rainfall, climate change data, DiaMis&retive map, soil
type, population and soc&conomic data.
Data Location / Description Duration Source Data
Station / Year Format
PhilippineAtmospheric
Geophysical and

DOST Daily observed

RXI rainfallatan 5065015 Astronomical Services  SPreadshe
. elevation of 17.29 . . et file
Station metres Administration
(PAGASA)
Daily observed National Center for
Hlnat.uan ralnfa_ll atan 19732015 Envwonmgntal Text file
Station elevation of 3 Information
metres (www.ncdc.noaa.gov)
Rainfall i
records Gl_ol_oal_dally_ National Climatic Data
precipitation with
NCDC . Center
d a spatial coverage 19792016 NetCDF
ataset of 0.5° lat. & 0.5° (ftp.cpc.ncep.noaa.gov/p
' | ' ' ecip/CPC_UNI_PR)
ong.
Global daily land
GPCC reciSLijtgfilgﬁ with Global Precipitation
dataset  P'eClP . 19882013 Climatology Centre NetCDF
a spatial resolutior (http://gpce. dwd.de)
of 1° lat. & 1° b-figpec. '
long.
Rainfall and Multi-model daily Climate Variability and
temperature SMIPS rainfall and 20062100 PredictabilityProject Text File
A ataset Tl
projections temperature (http://clivar.ouce.ox.ac.L
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predictions k/cmip5)

-Ministry of Economy,
Trade, and Industry of

ASTER GDEM Japan
Davao V2 with a spatial -United States National
DEM Oriental resolution of 30 2011 Aeronautics and Space GeoTIFF
metres Administration (NASA)
(https://asterweb.jpl.nase
gov/gdem.asp)
-Planning and
. Development Office of
Provincial, X
Administratio  Davao  municipaland 010 ool Admimstaive  Shapefit
n map Oriental barangay Areas P
boundaries. (https://gadm.org/index.h
ml)
D Philippine GIS
. avao : . ,
Soil Map . Soil types 2007 Organization Shapefile
Oriental P
(www.philgis.org)
Population Davao Census of 2010 and Philippine Statistics Bookand
and Socie Oriental Population and 2015 Authority spreadshe
economic Housing (http://psa.gov.ph/) et file
data

3.1.2. Rainfall projections: CMIP5 dataset

Many studies on the climate change impacts on floods have used various climate change scenarios to evaluate
the effects on floods. Mohammed et @015) for instance, used the CMIP5 dataset for the RCP4.5 and RCP8.5
scenarios to simulate the climate change impacts on flow regimes within the Lake Champlain Basin. A study on
predicting extreme floods by Wu et &015)employed five GCMs for three emission scenarios (RCP2.6, RCP4.5,
and RCP8.5) with 10 downscaling simulations farreemission scenario and included extreme flood predictions for
two stages of future periods (262050 and 205®080).

In this paper, the temperature and rainfall projections under climate change are utilized from the CMIP5
predictions of IPCC for the R@% and RCP8.5 scenarios. From several GCM models of the CMIP5 dataset, the
thirty-nine GCM models, as shown in Table Al (see Appendix A), are used to obtain the rainfall projections for the
Davao Oriental region. Moreover, the future temperature for the® Oriental region was also obtained from the
same CMIP5 GCMs for the rainfall projections.

3.1.3. Digital Elevation Model (DEM)

The Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model
(ASTER GDEM) is one of thenost widely used DEM datasets. ASTER GDEM has been applied in many fields,
such as soil erosion, topography, geomorphology, and hydrdiggtterjee et al., 2@1 Frey and Paul, 2012)
ASTER GDEM is also widely used in developing flood hazard maps to extract drainage networks, flow
accumulations and directions, basin boundaries, watershed boundaries, slopes and dkatignand Akbari,

2016; Huong and Nagasawa, 2014; Othman et al., 2011; Reddy et al., 2017)

The first version of ASTR GDEM, released in June 2009, was generated using-g@iramages collected by
the ASTER instrument on board the Terra satellite. The ASTER GDEM coverage spans from 83° north latitude to
83° south, encompassing 99% of the landmass of Egatthikawa, 2011)The latest version of the ASTER GDEM
V2 dataset was released in October 2011. The impro@&ER GDEM V2 dataset adds 260,000 additional stereo
pairs, improving coverage and reducing the occurrence of artefacts. The refined production algorithm provides
improved spatial resolution, increased horizontal and vertical accuracy, and superior Wateowerage and
detection(Tachikawa, 2011)Therefore, the ASTER GDEM V2 dataset is of betterityudilan the first version and
has a 3én spatial resolution in the GeoTIFF image format with decimal degrees and WGS84 datum. The ASTER
GDEM V2 dataset for the study site is shown in Figure. 1(D).

3.1.4. Administration Boundaries
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The administrative boundaries of Davao Oriental include provincial, municipal and barangay boundaries. Davao
Oriental is the easternmost province of the country. On the west side of Davao Oriental is the province of Compostela
Valley, and the provinces @urigao del Sur and Agusan del Sur are to the north. The Philippine Sea, part of the
Pacific Ocean, is to the east of Davao Oriental. The administrative boundaries include ten municipal boundaries and
183 barangay boundaries. The ten municipal boundariethair barangay boundaries are displayed in Figures 1(B).

The administrative boundaries were provided as shapefiles from the global administrative areas and Philippine GIS
organization, as indicated in Table 1. These shapefiles are in decimal degreeseandNVGS84 datum. The data

were then projected to the UTM coordinate system zone 51N.

3.1.5. Population and Soci@conomic Data

Based on the 2015 Census of Population and Housing ((FPlippine Statistics Authority, 201%)s shown
in Table 2, the province of Davao Oriental had a total population of 558,958 in 2015. The 2015 census includes
41,340more persons than were counted in the 2010 CPH, which determined a total population of 517,618 persons.
This increase in the population from 2010 to 2015 translates into an average annual population growth rate of 1.47%.

Mati City has the highegiopulation of all municipalities, with 25.3% of the total provincial population. The
municipality of Lupon is the second largest, with 11.8% of the total provincial population, followed by the
municipalities of Baganga and Governor Generoso, with 10.19.88@ respectively. The rest of the municipalities
contribute 43% of the total provincial population.

Table 2. Census of Population and Housing by municipality/@iigilippine Statistics Authority, 2015)

Population

L L . Annual Area  Density No. of

Municipality - District F;;;')O 2010 2015 growth  (km?  (/km?  Brgy.
rate (%)

Baganga 1st 10.1 53,426 56,241 0.98 945.50 59 18
Banaybanay 2nd 7.4 39,121 41,117 0.95 408.52 100 14
Boston 18t 2.4 12,670 13,535 1.27 357.03 38 8
Caraga 1st 7.2 36,912 40,379 1.72 642.70 63 17
Cateel 1st 7.3 38,579 40,704 1.03 545.56 75 16
Gov.Gen. 2nd 9.9 50,372 55,109 1.73 365.75 150 20
Lupon 2nd 11.8 61,723 65,785 1.22 886.39 74 21
Manay 1st 7.6 40,577 42,690 0.97 418.36 100 17
Mati City 2nd 25.3 126,143 141,141 2.16 588.63 240 26
San Isidro 2nd 6.4 32,424 36,032 2.03 220.44 160 16
Tarragona 1st 4.7 25,671 26,225 0.41 300.76 87 10
Total 517,618 558,958 1.47 5,679.64 98 183

To evaluate the flood risk under climate change scenarios in thetastmr20262030), mediurrterm (2050
2060), and longerm (20962100), the population is also projected according to each period. Cabrera 201118k
stated that population settlements and the drastic increase in populations are among the factors that intensify the risk
of floods. In this study, the Arithmetic Increase Method (AIM) was used to calculate the future population projections.
Using the AM, the average increase in population per decade is calculated from the past censySrepatekar
and Kharagpur, 20157 his increase is added to the present population to determine thatjpopef the next decade.
Thus, it is assumed that the population is increasing at a constant rate, following the Eq. (1) as below:

0 0 & 6 1)

wherePhi s t he popal de i dhe mesent@apuldion, aGds the rate of change of the population
with respect to time (i.e., the average increment of the census data).
3.1.6. Soil Type

The Davao Oriental soil cover is mainly loam and sandy clay loam, and a section of roughimeosnand
has an unidentified soil type. The area of Davao Oriental is classified into four sets of input parameters based on
USDA-NRCS(1986) The Camasan sandy clay loam and undifferentiated mountain soil are classified as sandy clay
loam. The San Manuel silty clay loam and San Miguel clay loam are classified as clay loam. The Malalag loam is
classified as loam, arttle Bolinao clay is classified as clay.

3.2 Methodology
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In this paper, the methodology is based on a-la§ed spatial assessment process for flood hazards and
conducted by using MCDA and machine learning approadies. approach used the spatial datanagement
capabilities of GIS and the flexibility of MCDA to combine factual evidence with via#ised informatiof Gi go v i |
et al., 2017)The fatual evidence considered in this paper were slope, elevation, soil type, rainfall, drainage density
and distance to the main channel, and defined as criteria. Thebasee information approach, following Saaty
(1980) uses an expert decision to identify which criteria are the most crucial in flood hazard map. Figure 3 presents
the flowchart of the methodology applied instpaper.

The criteria considered in this paper were the slope, elevation, soil type, rainfall, drainage density and distance
to the main channel. The vatbased information approach, following Sa@], uses an expert decision to identify
which criterion are the most crucial inetllood hazard map. Figure 3 presents the flowchart of the flood risk
assessment using MCDA and machine learning approaches. The following are the steps in the MCDA approach.

[ Flowchart of the Flood Risk Assessment }
I

Satellite Image Collected database

] v
AsterGDEM +2, . = .
1 (C1) Slope 4 30m. —* (C2) Elevation (C5) Soil type (C7) Population density
(2015 CENSUS,
(C6) Rainfall Projection)
—  (Observation, [
Projection)
Flow Direction
(€3 Dr:?mage Flow Accumulation (C4) [.)lstam:e to
density the main channels
L Defining relative important weight based on
AHP, Weights from Rank (WR), and Ratio Weighting (RW)
Flood-prone areas
(Flood hazard map)
v Flood Risk Map

Model Validation
(70 points of historical floods)

- | i

‘ Identify the superior model ‘

[ Interpretation and recommendations for flood risk mitigation }

Figure 2. Flowchart of the flood risk assessment usimgti-criteria data analysis (MCDA) approach.

3.2.1 Criteria Selection

An important step of this analysis is the criteria selection for evaluating the flood risks. The criteria considered
are floodhazardandvulnerability. The barangay population deysitas used as the criteria in the vulnerability map.
There are many criteria affecting flood hazard identification and modelling, and they vary from one study area to
another. For instance, urban flood modelling is incredibly complex compared to ruchhfludelling due to the
interactions with manmade structures, such as buildings, roads, channels, tunnels and underground structures. This
paper used a composite flood risk map index based on seven criteria. These criteria were selected based on variou
ca® studiegBaldassarre et al., 2009; Danumah et al., 2016; Elkhrachy, 2015; Kazakis et al., 2015; Yahaya, 2010)
and are based on the available data in the study area.
3.2.1.1 Rainfall

At any location, the chance of flood increases as the amount of rain increases. A higher rainfall intensity can
result in more runoff because the ground cannot quickly absorb the Wwatbis study, the Slay continuous
maximum rainfalin every year was determined for 198016 as shown in Figure 2. Then, #werage of the-8ay
continuous maximum rainfall over the 25 years was used in the analysis for the current scenario. Also, the same
concept is applied to the projected scenartust is shorterm (20262030), mediurterm (20562060), and long
term (20962100) in RCP4.5 and RCP 8Bue to the lack of weather stations in the study area, rainfall records from
the NCDC were used, as described in-settion 2.2.1 (see Table 1).

49



To investigate the climate change impact on flood hazards and risks, spatial areas covering an area of 2° x 2°,
as depicted in Figure 1(D), are defined due to the coarse and inconsistent spatial horizontal resolutions among the
CMIP5 GCMs, as summarized in TalAl. Area 1 covers Davao Oriental and its surrounding regions, and Areas 2
4 shift one degree each to the east in longitude from Ar8asekpectively. Then, the araseraged rainfalls of each
defined area from the thirflyine GCMs for two scenarios,G®8.5 and RCP4.5, in the shtetm (20262030),
mediumterm (20562060), and longerm (20962010) are used for future flood hazards and risks. Then, spatial
interpolations by using the Kriging method are carried out to address spatial rainfall patteensiiure projections
of the Davao Oriental region with the following procedures:

(1) Convert the areaveraged daily rainfalls to point layers to be the same as the NCDC data points in Davao
Oriental,

(2) The spatial rainfall patterns in the obserxaidfalls are applied to the projected rainfalls, as follows:

YO Y B Yjo 2

YO Y YO (3)
whereN is the number of NCDC points in Davao OrienRilis the observed rainfall at the NCDC points, &ag
is the areaveraged projected rainfalls for Davao Oriental from the CMIP5 dataset. The observed spatial rainfall
patternsRD in Eq. (2), are determined as a rainfall difference at each point betiaeebserved annual rainfalls
and the observed are@eraged annual rainfall over Davao Oriental, and then, the projected spatial rainfall pattern,
RR in Eq. (3), is calculated by adding the observed rainfall paf&n to the areaveraged projectewinfall, Ravg,
in Davao Oriental.

(3) Reproject the outcome of Eq. (3) to UTM51 to be the same as the other criteria.
3.2.1.2. Soll

Soil type(Ebaid et al., 2016; Nyarko, 2002hd hydrological soil classificatiqpollonio et al., 2016are the
significant factors in determining the water holding and infiltration characteristics of an area and consequently affects
flood susceptibility. Generally, runoff from intense rainfallikely to be faster and greater in clay soils than in sand
(The University Corporation for Atmospheric Reséar010) Additionally, rain runoff from intense rainfall is
likely to be faster and greater in loam than in sand.
3.2.1.3. Slope

Slope is one of the crucial elements in floods. The danger of floods increases as the slope increases. Slope is &
reliablecriterion of flood susceptibilityBapalu, 2006)When the river slope increases, tloa velocity in the river
will also increas€Elkhrachy, 2018)
3.2.1.4. Elevation

In contrast to the slope, the elevation of an area is a major factor in. flavd&levation is a good criterion of
areas with a high potential for flood accumulation. Water flows from higher to lower elevations; therefore, the slope
influences the amount of surface runoff and infiltra(iiazakis et al., @15). Flat areas at low elevations may flood
more quickly than areas the higher elevations with steeper slopes.
3.2.1.5. Drainage density

Drainage density is the length of all of the channels within the basin divided by the area of tlf¢diesia,

2010) A dense drainage network is a dawiterion of flow accumulation pathways and of areas with a high potential
for floods(Bapalu, 2006)
3.2.1.6. Distance to the main channel

The distance to the main channel significantly impacts flood mapping. Areas located close to the main channel
and flow accumulation path are more likely to fldo©si govi I et al ., 2017)

Once the criteria were defined, the next step was to build the spatial database. Each criterion was converted into
raster data with a 30 m x 30 m grid resolatidbhe ASTER GDEM data were registered and projected to the UTM
coordinate system, zone 51N. The slope and elevation were obtained using the 3D Analyst algorithm based on a
DEM. The drainage density and distance to the main channel were obtained udihgl@rcwhich is a set of data
models that operate within ArcGIS to support geospatial and temporal data analyses. All data were integrated into
the GIS environment using the AHP, RW, and WR methods. Likewise, in the maximum entropy modelling, all data
entged as inputs together with the 70 points of survey historical events of flood. Finally, the weighted overlay was
used to calculate the flood hazard map, which was then combined with the vulnerability map to create a flood risk
map in the study area.

In the future flood hazard and risk assessment, the criteria such as slope, soil type, drainage density, elevation,
and distance to the main channel are assumed to be the same as the current conditions, whereas the projections fc
population density and rairfare considered in the assessment.

3.22 Pairwise Comparison
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The first step in the AHP is to make a pairwise comparison of each criterion based on the scaleg18380aaty
The results of the comparison were described in terms of integer values from 1 to 9, where a higher number means
that the chosen criterion is considered more important than the other criterion trsdomparison. In this study,
the pairwise comparison matrix is shown in Table 4.

Table 3. Saaty Scale of relative importance and its description.

Scale Preference Description
1 Equal importance Two factors contribute equaltg the objective
3 Moderate Experience and judgement slightly favor one over the other
5 Strong Experience and judgement strongly favor one over the other
7 Very strong Experience and judgement very strongly favor one over the other
9 . Extreme The evidence favoring one over other is of the highest possible va
importance
Intermediate o
2,4,6,8 values When compromise is needed
Table 4. Pairwise comparison matrix used in this study
Criteria R SI E Dc Dd St
Rainfall (R) 1 2 3 4 5 6
Slope(SI) 1/2 1 2 3 4 5
Elevation(E) 1/3 1/2 1 2 3 4
Distance to main chann@dc) 1/4 1/3 1/2 1 2 3
Drainage(Dd) 1/5 1/4 1/3 1/2 1 2
Soil type(St) 1/6 1/5 1/4 1/3 1/2 1
Sum 245 4.28 7.08 10.83 15.50 21.00

Table 5. Matrix normalization with criteria weights (priority vector) and consistency meaSiie (

Criteria R Sl E Dc Dd St Total PV CM

R 0.41 047 042 037 032 029 236 0379 6.21

Sl 0.20 023 028 028 026 024 155 0.249 6.21

E 0.14 0.12 014 0.18 0.19 0.19 099 0.160 6.15

Dc 0.10 0.08 0.07 0.09 0.09 0.14 062 0.102 6.07

Dd 0.08 0.06 005 005 005 0.10 0.40 0.065 6.03

St 0.07 0.05 0.04 0.04 0.03 0.05 0.26 0.043 6.06
Sum 100 100 100 1.00 1.00 1.00 - 1.000 -

Table 6. Random index matrix and its corresponding humber of criteria compared.

No. of criteria 2 3 4 5 6 7 8 9 10
RI 0.00 058 090 112 124 132 1.41 1.45 1.49

3.23 Normalization
This step is the process of normalizing the matrix by adding the numbers in each column. Each entry in the
column is then divided by the column sum to yield its normalized score, as described in Eq. (4). The sum of each

! This table is based on the average ranking of the four deefsahker (DM).The DMs wheevaluated the criteria; City
Engineering Officer, City Planning Officer, Provincial Directdor Environment and Natural Resources Office, and

Directori Integrated Coastal Resource and Management Program.
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column should be 1. Lastly, the ity vector V) is computed by dividing the sum of the normalized column of
the matrix by the number of criteria usegl, @s shown in Eq. (5). Table 5 shows the normalized matrix in this study.

o @

0w B — (5)

whereC; is the value of a criterion in the pairwise comparison ma¥jxs the normalized score, afdj; is the
priority vector of a criterion.
3.2.4 Consistency Analysis

There are three steps to determine @i First, the consistency measuf&M) is calculated multiplying the
pairwise matrix by the PV, and then, the result is divided by the weighted sum vector with the criterion weights.
Second, the consistency indéX)is calculated, as described in Eq. (6). Lastly,GRas computed, as described in
Eq. (7).

6 0 - £ (6)

oY — @)
whereamax is the sum of the€€M divided by the number of criterim)(and set to 6.123. The results of the random
index RI) are given in Table 6.

The results of the pairwise comparison matrix for this work are presented in Table 4. In Table 5, th@®¥olumn
contains the relative impt@amnce weights for each criterion. From the input values in the pairwise comparison and the
weights calculation, th€R was found to be 0.02. THeéR result indicates a reasonable level of coherency in the
pairwise comparison.

The hazard indexH]) was usedo consider the rate of probability and was calculated based on Eqg. (8) as
follows:

HI=St 0.04+Sl 025+Dd 007+Dc 0.10+E 0.16+R 0.38 (8)
whereSt, S, Dd, Dc, EandRrepresent the soil type, slope, drainage, distance to main channel, elevation, and rainfall,
respectively.
Finally, the hazard index was computed using a weighted overlay analysis. The valleg classified into
five categories such as very loWL(, low (L), moderateNl), high H) and very high\{H).

3.3. Ratio Weighting

In this method, the decisiemakers compare two criteria at a time and ask for the preference (importance) ratio
between them. It uses the pairwise comparisons to establish the relative importance among criteria. It is likely that
the pairwise comparisonll be inconsistent. Therefore, these approaches require more information to compensate
for the inconsistencies of human judgement. Efficient techniques to retrieve weights from pairwise comparison data
include eigenvector prioritization method by Saflt$80) Saaty(1980) presented theimplified prioritization
method as follows:

Step 1 Input CodingA decisionrmaker (DM) assesses importance (weight) ratios between criteria using pairwise
comparisons. In this study, four DMs are asked to rank the criteria. Table 7 shows the DMs jtglgamag these
criteria.

Step 2 ComputingCompute the geometric mean of each row of the comparison matrix, and then normalize the
resulting numbers. The geometric mean and the numerical weights are calculatdgnssif®),and(10). Table 7
shows the gometric mean and weights of the DMs judgements.

"O0 B w» ~ 9
W 5 (10)
whereGM, is the geometric mean for i criterion, n is the number of criteria\Vdiigl the normalized weight for i
criterion.The hazard index{) based on the average weights (see Table 7) of the four DMs was used to consider the

rate of probability as shown orgE(11).
() 30mit 3tmp $AME $AMO WMPY 22T 0 (11)

3.4. Weights by Rank

In this method, the importance of weight is arranging through a rank order. In that way, every criterion is ranked
as per decisicmakers (DM) preference. One (1) is the most important, and two (2) comes next, and so on. Once
ranking is established for atwf criteria, the numerical weights are calculated usSiopg12)
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w ¢ I p7TB E 1 p (12)
whereW is the normalized weight for j criteriont he number of <criteria under co
is the rank position of the criterion. Each criterion is weighted ffn+ 1) and then normalized by the sum of all
we i g hti g+ R.(Therefore, the ranking method estimated weight should be considered as an approximation.
The results are given in Table 7. The average weight (AR) values are the aggregated results from the-4 decision
makers in the study area. The column weight (W) at Table 7 is the hazard index shovegir{1Bg

() 30mix 3ImMuv $SAm™p SA™pPp % M 2 ™ (13)
Finally, the hazard index of the three models (AHP, Weights by Rank, and Ratio Weighting) was computed using
a weighted overlay analysis. The results of weighted overlay analysis were classified using equal interval into 4 levels
sweh as very low, low, moderate, and high.

Table7.Deci si on maker (DM)o6s matrix for WR and RW met ho
method, and geometric mean (GM), normalized weights (NW), average normalized \W&igisfor RW
method are the average of the 4 DMs. The W and ANW are the relative importance weights used in the hazard
index (HI) calculations in Egs. (11) and (13), respectively

L RW WR
Criteria R S| E Dc Dd St GM T NW T ANW | AR W
R 1 2 3 4 5 6 2.99| 0.38| 0.33 1.5 | 0.26
Sl 1/2 1 2 3 4 5 1.98| 0.25| 0.31 | 1.75| 0.25
E 1/3 1/2 1 2 3 4 1.26| 0.16| 0.17 | 2.75| 0.20
Dc 1/4 1/3 1/2 1 2 3 0.79| 0.11| 0.09 | 4.75| 0.11
Dd 1/5 1.4 1/3 1/2 1 2 0.51| 0.06| 0.06 | 4.75| 0.11
St 1/6 1.5 1/4 1/3 1/2 1 0.33] 0.04| 0.04 5.5 | 0.07
Sum - - - - - - 7.86 1 1.00 - 1.00

3.5. Evaluation of Rainfall and Temperature projections

The areaaveraged (Area 1 in Figure 1(D)) daily temperatures from the hiimgy GCMs in Figure 4 show a
significant increase of approximately 3and 1 from 2016 to 2100 under the RCP8.5 and RCP4.5 scenarios,
respectively. However, the arageraged daily precipitation for Area 1 illustrate a slight increase in Figure 5. To
further investigate the projected rainfall, the defined Area 1 was shifted grezdmst and defined as Area 2 to 4 to
determine a change in precipitation. As the defined area moves east to the open sea, the projected rainfall presents
slight increase in the mean value and the linear trend. Area 4 shows comparable increasesszin tadue and the
linear trend compared to those of Area 1 as the defined area gets farther from the shoreline. With respect to the
difference in the projected rainfall between the two scenarios, RCP4.5 and RCP8.5, the difference is almost
insignificant kecause the increment of the projected rainfall in the RCP8.5 scenario is very low. This behavior of the
projected rainfall in the long term is remarkably different from the temperature projection, which might be partially
due to incomplete microphysics pameterizations and coarse horizontal resolutions of the GCMs.

33
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Figure 3. Areaaveraged temperature projections for Area 1 (see Figure 1 (D)) from thenihi&t¢sCMs for the

period of 20162100.

2This table is based on the average ranking of the four deemsiter (DM).The DMs who evaluated the criteria; City
Engineering Officer, City Planning Officer, Provincial DirectoEnvironment and Natural Resources Office, and Director
T Integrated Coastl Resource and Management Program.
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(A)

period of 20062015, (B) Period extended from 200600 for the models with increasing trends where GFDL
ESM2M model has the highest trend compare to other models, (C)-GBEPI2M model trensunder RCP 4.5

and RCP 8.5, and (D) the DJF seasonal rainfallSSRDL-ESM2M under RCP4.5 and RCP8.5.

Further, the rainfall projections of the thityne GCMs of Area 4 were compared to the observed rainfall at

Hinatuan Station for the 3gear overlapping period from 2006 to 2016 to identify which GCM result is ppate
to use in the flood assessment. Among the tmite GCMs considered, three GCMs, such as the HadGE®?2
GFDL-ESM2M, and FGOALS32 models, illustrate a good agreement with the observed rainfall at Hinatuan in terms
of increasing the linear trendss in Figure 6(A), while the other GCMs showed almost no increasing trends, as
implied in Figure 5. Figure 6(B) presents the rainfall projections and linear trends of the three GCMs over the

extended period to 2100. The values of the GIHAM2M model demit the outstanding increasing trend over the

Mo ¢

extended period, whereas the trends of the other two models are not significant in this long period. Figure 6(C)
illustrates the areaveraged (Area 4) projected rainfalls of GFBEM2M for two scenarios, RCP4ahid RCP8.5.
The difference between the two scenarios is not practically significant, but the linear trend of the RCP8.5 result shows
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more increasing trends than RCP8.5. Since the study site can be divided into different climate zones with respect to
the pecipitation patterns as described, the seasonal rainfall variations were also investigated. In the evaluation of
seasonal rainfall using the GFEESM2M result, the DJF season has a high increase in precipitation compared to
the other seasons (Figure 6(DBased on the above evaluation of the rainfall projections of the GCMs, the-GFDL
ESM2M model rainfall projection for Area 4 was used for the rainfall criterion in the future flood hazard and risk
assessment.

3.6. Validation

For validation of the resutig floodprone areas by the AHP, WR, and RW methods, ak&R8d field survey
to local people was carried out along the east coast of Davao Oriental to investigate ground true flooded points by
historical flooding events. From the field survey, coordinafeg0 ground true points are collected and used for
performance evaluation (see Figure 1D for their locations).

The performance evaluation is done using the accuracy assessment of the flood classification. One of the
commonly used methods is to apply aftsion matrix or error matrix. This method can be used to compute several
assessment elements such as overall accub&y){ true positive ratelPR), true negative ratd NR), false positive
rate FPR), and false negative ratENR) using the Egs. (14) (18), respectively (Feng et al., 382 2015; Singh and
Singh, 2017).

5606 (14)

YO Y —— (15)

YO Y —— (16)

oY —— p YOY (17)
o0y —— p YOY (18)

whereP, N, TP, TN, FP, andFN are condition positive, condition negative, true positive, true negative, false positive,

and false negative, respectively. In the accuracy assessment of the flood susceptibility map, a confusion matrix was
calculated based on the field survey of grouaihis for historical flooding events. However, the field survey was

not carried out in the Davao Gulf municipalities and thus the points do not cover all barangays in the study area. To
solve this limitation, the elevations of 70 points are extracted fY&i. The elevations of 70 points are in the range
between 10 m and 20 m above mean sea level. Then, the points are spatially interpolated, and the areas below 20 n
elevation where all points are located are used to determine the flood afidadbareasn Davao Oriental. The

result is shown in Figure 1C. Finally, the accuracy assessment was performed using the confusion matrix. On the
other hand, to assess the accuracy of the maxent model, area under ROC (AUC) curve is used.

4. Results

4.1.Flood Vulnerability Map

Vulnerability expresses the level of inability to resist a hazard or to respond when a disaster has occurred. For
example, people who live in lelying areas are more vulnerable to floods than people who live at higher elevations.
Moreover, vulnerability is the most crucial component of flood risk because vulnerability determines if exposure to
a hazard constitutes a threat. Flood vulnerability mapping is the process of determining the degree of susceptibility
and exposure of a givgatace to floodDanumah et al., 2016Jhe susceptibility and exposure issuedlde several
factors, such as the age and health of the population, theesmziomic activities, the quality of buildings and their
location with respect to floods. Pellicani et@018)quantified the risk by using the vulnerability factors like land
use, structures, and infrastructures with respect to the-fiomte areas. In this studygtbnly criterion used for the
assessment of vulnerability to floods is the population density. The vulnerability map obtained from the barangay
(town) population density, as shown in Figure 7, is divided into five classificationsvieomlowto very high
regarding the flood hazard. Four scenarios (2015, 2035, 2065, and 2105) of the vulnerability map based on population
projections using thAIM were developed to complement the hazard projections.
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Figure 6. Barangay population dsity for 2015, 2035, 2065 and 2105 in Davao Oriental. Population
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4.2. Flood Hazard Map

The multisource flood hazard mapping, where greater emphasis was placed on rainfall, is shown in Figure 8.
Figure 8A and B are the different rainfall distributions under different scenarios. The rainfall distributions are difficult
to compare from the cuant to the projected scenarios because no threshold is specified. However, note that the very
low classification of rainfall in the projected scenarios (Figure 8B) belongs to the high classification in the current
scenario. This means that the rainfalltpat increases in the coming years. Additionally, it is evident that Davao
Oriental will experience heavy rainfall in the coming years, especially under the RCP8.5 (see Figure 8B).

Figure 9 shows that the hazard map is a combination of maps: rainfallg$-8A and 8B), slope and elevation
(Figures 8C and 8D), drainage density and distance to the main channel (Figure 8E), and soil (Figure 8F). Each map
has different weights that, in this paper, the rainfall is emphasized more. The rainfall map (Fignd=883 shows
that each east coast municipality has a higher incidence of rainfall compared to that of the Davao Gulf municipalities.
The slope and elevation maps (Figure 8C and 8D) indicate that most of the areas in Davao Oriental are at low
elevations, éss than 217 m and have slopes up to 16 degrees. All maps are classified based on equal interval
classification.
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Figure 8. Results of flood hazard maps from AHP, RW, and RW models to identify the superior result using
5-day continuous maximum rainfall: (A) AHP model, (B) RW model, and (C) WR model.

The resulting flood hazard maps by the AHP, WR, and RW methods are illdstrétgure 9. Table 9 shows
the confusion matrix of the three models. The data in Table 9 is the number of pixels from the models (i.e., predicted)
in high classification, and the observed data from the flood anéflomiharea that shown in Figure 1C the overall
assessment, AHP has superior results in ACC, TNR, and TPR as shown in Figure 10A. Moreover, Figure 10B shows
the accuracy of the positive prediction (TPR) compare to the wrong prediction (FPR). The upper part of the redline
in the Figure 10B mans the model is accurate, otherwise not accuraerefore, AHP shows higher accuracy
compared to the other two methods. In overall, the analysis reveals that AHP is much accurate and reliable for flood
risk analysis in this study.
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Figure 9. Results of accuracy assessment: A) Comparison of the accuracy assessment for the 3 methods using
ACC, TNR, and TPR. B) Model evaluation using (TPR) and (FPR). Redline show the line of discrimination or
random guess. Above the redline is thetter, otherwise is worst prediction.
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Table 8. Confusion matrix to calculate the accuracy (ACC), true positive rate (TPR), true negative rate
(TNR), and false positive rate (FPR) for performance evaluation of three method3\VA&HBNd RW.

Observed Predicted
Flood Non-Flood Sum
Flood True Positive, (TP) False Negative, (FN) P
Non-Flood False Negative, (FP True Negative, (TN) N
AHP
Flood 228388 298332 526720
Non-Flood 102416 445224 547640
RW
Flood 197607 329113 526720
Non-Flood 856542 447503 1334045
WR
Flood 209746 316974 526720
Non-Flood 592507 467179 1059686
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Figure 10. Multi-source flood hazard maps classified imoy low low, medium high, andvery high
categories. (A) Current scenario, and (B) Projected scenarios (2030, 2060, and 2100).

The resulting flood hazard map in Figure 11 indicates five classifications o¥/tisk, M, H, andVH. Figure
11A is the current situation of the flood hazard mapl, Bigure 11B is the projected scenario of the flood hazard
map in Davao Oriental. The changes in the area distribution in the flood hazard map from the current situation to the
projected scenarios are noticeable. Moreover, the intensity of rainfall asiiehand intensify in every future decade.
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In the municipal level of flood hazard assessment (Figure 11), the majority of Boston municipality belongs to
categoryH in the current to VH in the projected scenarios. All the east coast municipalities changbsdndH
in to H andVH categories.

On the other hand, in the Davao Gulf municipalities of Davao Oriental, many changes will be occurring in the
future, especially in the coastal areas. Most of the areas changé eBmd some parts change itbl from the M
andH categories in the current scenario.

Overall, Davao Oriental will experience severe flooding and rainfall in the future (Figure 11y Tdrel L
classes will no longer exist in the future scenario. Mhelassification decrease to 5.41%. Unfortunately, the high
classification will drastically increase into 50.50%. Moreover MhEs approximately 39% in the future, and this
area are with high elevations, high slopes, and low drainage densities. Taiersighows that majority of the
province of Davao Oriental is classifiedtdso VH in the flood hazard in the future.

The hazard map shows that approximately 22% (current) and 90% (projected) of the akbartdhiid hazard
risks and that rainfall (42%and slope (23%) are the most significant causative factors of flood occurrences.
Unfortunately, the basis of the evaluation is the spatial distribution of the flood hazard map, where the classification
of flood hazards int&/L, L, M, V, andVH has no theshold values. Thus, it is difficult to directly compare the two
hazard maps in the current and the projected scenarios. However, by referring to the absolute values of rainfall in
Figs. 8A and 8B, note that thery low(VL) category in the projected s@ivs (Figure 8B) belongs to thery high
(VH) classification in the current scenario. A gradual increase in rainfall from 2020 to 2100 implying that Davao
Oriental will experience heavy rainfall in the future.

4.3. Flood Risk Map

The flood risk map wagenerated by a weighted overlay of the hazard and vulnerability maps with equal weights
under different scenarios. The current, stemntn, mediurterm and longerm hazard maps were overlaid in 2015,
2035, 2065, and 2105 vulnerability maps, respectiveing the population density projection. The risk map in this
study is a combination of the AHP hazard map (Figure 10) and vulnerability map (Figure 7).

The resulting flood risk map in Figure 12 was classified into four categories. In the current steastioL
andM classes cover 3.74%, 68.68%, and 25.35% of the total area, respectively. In tpedlomdrea 30% (168,034
persons) of the population are at a high of flooding at the current situation and it increases into 32% (178,866 persons)
in thefuture. The categories éf is estimated to be 2.23% of the total area, respectively; these areas are barangays
with high population densities and are mostly in riverside and coastal areas.

IA) Flood Risk Map(Current Scenario) B) Flood Risk Map (2020-2030) C) Flood Risk Map (2050-2060) D) Flood Risk Map (2090-2100)
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Figure 112. Flood risk maps: (Aturrent scenario, (B) short term period (222XB0), (C) medium (2050
2060) period, and (D) long term (262Q00) periods. The flood risk maps under RCP 4.5 and RCP 8.5 scenarios
are identical.
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In the shorterm period, VL and L classifications are insieg. While, M and H are decreasing. Additionally,
theVL classification increases from 3.74% to 4.76%, and 5.20% in thetshorand medium/lonterm. Moreover,
theL classification increases from 68.68% to 70.67% in the 4bort, 74.85% in the medivterm, and 75.48% in
the longterm period. Additionally, thé/ classification decreases from 25.35% to 22.91% in the-tont and
eventually decreases to 18.39% and 17.98% in the mediumand longerm period respectively. ThEl
classification is deemasing from the shoeterm to the longerm period. It is notable that Davao Oriental can be
classified as low to medium regarding the risk of the flood (Figures 12).

In most cases, the flood risk of the east coast municipalities (Boston, Baganga, Kareya.and Tarragona)
decreases (Figure 12 and Table 9). In contrast, the flood risk of Davao Gulf municipalities (Lupon, Governor
Generoso, and Mati) increases due to the increase in population in these areas (Figure 12 and Table 10). These are:
are maity urban, there is a fishing industry, and they are the areas to which most of the people in Davao Oriental
migrate.

Table 11 shows the lists of the barangays that khxigks of flooding. A total of twentpne, nineteen, and
eighteen barangays belongs to Hheisk of flood in the current, sheterm/mediumterm, and longerm period,
respectively. Additionally, Mati and Lupon has the highest number of barangays tratpeilience théd risk of
floods in all periods. These barangays need mitigation plans to cope with floods in the coming years. The results
illustrate that Davao Oriental belongs to v andmediumrisk of floods in the spatial area distribution.

Table 9. Flood risk classification in each municipality (%).

S Current Scenario Short-Term (2020-2030)
Municipality
VL L M H VL L M H
Boston - 38.75 58.92 2.33 - 38.13 59.68 2.19
Cateel - 64.97 2392 111 2.08 63.71 31.78 2.43
Baganga 0.12 75.48 23.48 0.91 435 88.18 7.47 -
Caraga 6.80 79.26 13.91 0.03 7.89 80.10 12.01 -
Manay 267 8285 11.35 3.13 3.19 7745 1641 294
Tarragona 580 7157 7157 226 719 73.69 19.12 -
Mati 2.68 66.64 2851 217 0.14 68.71 28.99 2.16
Lupon 9.04 5858 26.46 5.91 10.65 58.13 25.19 6.03
Banaybanay 15.4 65.67 1851 0.39 18.09 61.77 19.76 0.39
San Isidro 3.89 65.19 2824 2.67 0.41 67.35 29.40 2.84
Governor Generoso 0.91 65.38 3156 215 - 5451 41.61 3.88
L Medium -Term (2050-2060) Long-Term (2090-2100)
Municipality
VL L M H VL L M H
Boston - 40.12 57.69 2.19 - 40.12 59.87 -
Cateel 208 71.33 2450 2.09 2.08 63.82 32.00 2.09
Baganga 436 88.66 6.98 - 436 88.66 6.99 -
Caraga 11.76 79.28 8.96 - 11.76 79.98 8.26 -
Manay 3.20 86.23 7.69 2.87 3.21 8851 541 287
Tarragona 7.2 78.61 14.18 - 7.21 78.61 14.18 -
Mati 0.16 77.94 19.74 2.16 0.16 7794 19.74 2.16
Lupon 10.89 63.19 20.04 5.88 10.70 65.07 1852 5.70
Banaybanay 18.17 65.44 1599 0.39 18.17 65.44 1599 0.39
San Isidro 0.41 7153 2522 284 0.43 78.61 18.12 2.83
Governor Generoso - 61.00 36.44 2.56 - 66.73 31.35 1.92

Table 10. Summary of the number of barangays with high risk.

Number of Barangays

Municipalit Current Medium - Long-
pality . Short-Term 9
Scenario Term Term

Boston 1 1 1 0
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Cateel 2 2 2 2
Baganga 2 0 0 0
Caraga 1 0 0 0
Manay 2 2 2 2
Mati 3 4 4 5
Lupon 3 5 5 5
Banaybanay 1 1 1 1
San Isidro 1 1 1 1
Gov. Generoso 3 3 4 4
Total 19 19 20 20

5. Discussion and Limitation

5.1. Temperature and rainfall projections

This study investigated the temperature and rainfall projections to assess the impacts of climate change on flood
risks in Davao Oriental. Areaveraged temperature and rainfall projections for the future were utilized from the
thirty-nine CMIP5 GCMs of th IPCC. The future temperatures from the CMIP5 predictions depict that Davao
Oriental woul d experience approximately 1 and 3
respectively. However, the thirtyine aresaveraged rainfall projections sligjhtncrease in the coming years, which
might be partially due to the coarse horizontal resolutions of GCMs and incomplete parameterizations of
microphysics in GCMs. Among the thirtyne GCM models available from CMIP5, the GRBEEM2M model
showed a goodgaeement in terms of increasing trends to the observed rainfall dataset at local stations. Thus, in this
study, the GFDEESM2M model rainfall data were used for the rainfall criteria in the projection of the flood hazard
and flood risk assessments.

The results of the rainfall from the GFDESM2M model exhibit that it will increase to 36% on average in the
two scenarios (RCP4.5 and RCP8.5), in comparison with the current average rainfall in the next century. The increase
in temperature and rainfall will siificantly influence the floods in the future. As a result, the flood risk will be more
intensive regarding its occurrences and scale and could be more extreme in the future.

5.2. Weighted overlay analysis

The crucial part of the MCDA is the weighted dagr The weighted overlay combines all criteria to make the
hazard, vulnerability, and risk maps that standardize the values from all criteria. Each criterion has its absolute value,
such as the rainfall dataset in millimeters and the slope in degresdasification will classify the absolute values
of theVL, L, M, H,andVH into 1, 2, 3, 4, and 5, respectively, in all criteria. This approach will result in a percentage
area distribution of every criterion. Thus, the results will give importance feetttentage area distribution according
to classification rather than the classification of the absolute value. Hence, the changes in rainfall from the current
into the short term, medium term, and long term will not be shown in this analysis.

Another vital part of the weighted overlay analysis is the standardization of the grid resolution across all criteria.
All criteria were changed into a raster dataset with a grid resolution of 30x30 meters. In the flood risk map, the
vulnerability map wasransformed into a raster dataset. The rasterization of the population density will change the
population density according to the area of the barangay into the population density according to the grid resolution.
This process turns the interpretationtwd tisk from barangay level into the raster level, where the risk is according
to a 30x30 meter grid resolution. Additionally, most of the barangays in Davao Oriental are in rural areas that have
a low population density. The rasterization process witlii@antly increase the low population number regarding
the grid resolution. Additionally, in the projected scenarios (2035, 2065, and 2105) of the population density, some
barangays will decrease their population in the future. These events will givehlaigls of the area distribution in
thelow category of population density in the future. Thus, the overlaying hazard map and vulnerability map to assess
flood risk will illustrate that Davao Oriental belongs to th® M flood risk classification becausige flood risk map
is generated by a weighted overlay of the hazard and vulnerability maps with equal weights. However, for the
preparedness of the worsise scenario in the disaster management and mitigation plan, giving a higher weighting
value for thevulnerability map to assess flood risk is highly recommended.

5.3. Multi-criteria decision analysis (MCDA)

Integrating multiple data sources in the maliteria analysis presents a real advantage, and the results show
that the AHP, WR, and RW approashe al | owed a better understanding of
assessment because a weight was given to each criterion. However, data from different sources with different
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resolutions were factors of bias during the processing and en&ysthe other hand, the addition of weights reduced
the bias and uncertainty in the result.

TheCRis the crucial element generating the hazard inHéxfor the MCDA using the AHP method. However,
the AHP method shows some limitations due to theestiljty in choosing the value of the criterion weighting from
the arbitrary judgements of expef@abrera and Lee, 2018b; Danumah et al., 204&)ording to Saat{1980) this
subjectivityproblem was reduced by tlERtest. TheCRthreshold must be less than 0.10 or 10% to make a coherent
judgement. The lower théR, the better, and I€Ris zero (0), it means the hazard index is perfect. Unfortunately,
the range of th€Rbetween 0 and 9% is a rough estimation. Ti# is coherent if th&€Ris 9.9% or theCRis 0%,
but the weights of the criteria vary in evé&@iRgeneration. Cabrera and Lg®18b, 2018apresented the sensitivity
of HI to varyingCRvalues based on experiments in whicé change i€R did not significantly affect the result of
the flood hazard map. The overall average change according to the classification is 0.02%, and the changes are
acceptable. The lowest criteria ratio is more appropriate to use, according t198@}yso that the loweERmakes
the judgement more coherent. Therefore GRavith 0.02 is used for to obtain the did risk in this study.

6. Things to be done further

To further enhance the result of this study, the author recommended the following:

1. Immediate installation of the weather measurement instruments in at least one station per municipality will give
us precise weather forecasting especially during extreme events like drought, heavy rainfalls, storms, and
typhoon.

2. Since the national goverramt has no specific floedsk mitigation plan, the municipal government in
coordination with the office of the disaster risk reduction and management council (DRRMC) can design a flood
risk education program in every barangay. The floskl education prgram is an education campaign on how
to act before, during, and after the event of flooding.

3. Adding more factors such as so&iconomic variables (gender, income, educational attainment, housing) into
the vulnerability map and applying the MCDA methods peavide higher resolution in future vulnerability
assessments. Additionally, the results may improve by adding land use/land cover (LULC) through image
analysis methods that use higgsolution images (Landsat 8+).

4. This study cannot solve the depth oé thooding. Thus, the hydrological modelling in 2D or 3D can be a
complement to address this limitation. It is proven that hydrological modelling is an effective way to simulate
flooding.

5. To eliminate the subjectivity of the analysis, continue to appliigreEnt modelling and increase the sample of
the historical events of flooding. It is recommended to generate random points as stated in the paper of Samanta
et al.(2018)and survey to the location of the randoning®to determine the flood and nflaod points. Also,
in the survey, additional data can be included such as damage cost of flooding, aed@wmmic criteria.

6. To further increase the quality of the paper, applying another machine learning modelifiiial neural
network, decision tree, Bayesian network, maximum entropy, random forest, logistic regression, support vector
machine, etc., and compare the accuracy of the results is highly recommended.
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ArcSWAT Modeling: Study on Sustainable Management for Water and Energy
Environment in Mindanao

Ismail Adal Guiamé|

1CHESS Lab, Graduate School of International Developmamd CooperationHiroshima University.
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Abstract

The Philippines is naturally plenty of water resources and vast land for agriculture. Despite all these natural
resources the country is facing several problems on optimal utilization of its potential resource. The water resource
and energy management aexy challenging. Thus, the electricity demand is increasing, and its shortage becomes
one of the biggest problems in the countitye southern part of the country, the Mindanao region is rich in water
resources and agriculture products. Hence, assessimgydropower resources and site suitability analyses will
be conducted in this regioBonsequently, the authors of this study are currently conducting an ArcSWAT (Soil and
Water Assessment Tool) modeling to assess and estimate the theoretical hydpjent&al and determine the
potentials sites. Thus, the authors applied the geospatial techniques and input datasets to simulate Ttmésmodel.
model will generate the discharge values of rivers and stream to be utilized in computing and analyziegttake po
hydropower. The input datasets are combinations of the administrative boundaries, soil dataset, land use, Synthetic
Aperture Radar Digital Elevation Model (SARDEM) rasterandweather datasets from global observed data. Then,
terrain analysis gbrithm and discharge calculation from the water head and modalingswill be used to achieve
the objective of this study. Thus, the results will be verified from the actual observed discharged of identified rivers
of each watershed areas. From thesdaes, the hydropower potential sites and classifications will be determined and
presented in the mapping as an overall result. Therefore, the results of this study can be a referenesstitablect
area for setting up several classifications of bpdwer plants in Mindanao Region. Furthermahe, modeling
results can also bdilized as a basis for the future development of the water and energy in the region.

Keywords: Renewable EnergyVater resourcesSoil and Water Assessment Tool (SWAT), Hyabvwver, and
River Basin

I. Introduction

The Philippines is situated in Southeast Asia in the western rim of the Pacific Ocean with 7,107 Islands, total land
area 300,000 square sqg.km, and coastline of around 36,289. Islands were group into three major part such as Luzon
Visayas and Mindanao witthe land areas of 141,000 sq.km, 57,000 sq.km, and 102,000 sqg.km respectively. It has
17 regions, 80 provinces, 138 cities, 1,496 municipalities and 42,025 bar&itlags-level administrative units).
Moreover, the Philippines has the total population of 100,981,437 with the density 33(QMq.knaddition, there
are four climate types as defined in a spatial distribution of monthly rdi2fal

Philippines power sector is dividedt® three major components such as power transmission, power generation,
and power distribution were the National Power and Private operators are coexisting for the operations and
management of energy resources and allocatldesce, in Luzon and Visayasgions the electricity transactions
were observed through the wholesale power trading market while in Mindanaoisdnioneans of a bilateral basis
of a contract between power generation companies and electricity distribution companies or c¢Bsuksesisown
in figure 2, there are 38 electric companies working in Miadanegion.

According to the Department of Energy (DOE) the country's economy has been driven by the huge contribution
of the power sectors. In fatihe total energy installed capacity of the country was increased from the level of 16,226.9
MW in 20111 to17,025.0 megawatts (MW) in 2012, its around 6 percent. Regardless of the development efforts of
the power sector to improve the services and sustaining the electricity supplies to the consumers but still, there is a
big challenge on increasing electrictgmand with an annual average rate of 4.3 percent. Accordingly, to meet the
domestic power demand, the power sector needs to add at least 13,166.7 MW.
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Figure 1: Location of the Philippines in the world, the regional administrative boundaries of Mindanao
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Figure 2: Map of Electricity Cooperation and Companies per regional administratibfiridanao.

According to the Philippine Energy Plan of 2012030, the 1,766.7 MW needed capacity will be provided by
committed power sector while remaining 11,400Mill be available for the private sector investment. However, in
islands grid'sthe increasing demand is remained a major challenge and not enough assurance to add more capacity.
On the other hand, Mindanao has 2,087 MW total rated power output gnallaged facilities in 2017 as shown in
figure 3, and total dependable power outp,685MW. Generation capacity consists of c&8l70 MW oil based
828 MW, geothermall08 hydropowerl, 061 MW solar59 MW and biomas86 MW. From these power capacity,
1,264 MW is the total renewable energy generdtadhermore,hte transmission system in Mindanao is consist of
AOgri do amdddoOfamd operated at the voltagéf Mdreavers of
the hydropower resources contributed a 9.9 pesteente to the total indigenous energy supply of the country and
production played a significant increase of 21.7 percent, from 1.9 MTOE in 2010 to 2.4 MTOE due to the additional
91.0 MW capacity in 201[5].
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Figure 4: Map of the transmission plan, existing,-@ying construction, and Proposed developménalso shows the

location of Hydropower and other energy sources.

This study basically focusses in the Mindanao major basins as shown in figure 5. The Mindanao River Basin
(MRB) is the second largest river basin in the Philippines with a total area of Zp&®® kilometers as shown in
figure 6. It covers seven provinces such as Maguindanao, Lanao del Sur, Bukidnon, Sultan Kudarat, Davao del
Norte, North Cotabato, and South Cotabato. MRB has 72 municipalities and 1,731 bardfydyiereover, one
of the large hydropower, Pulangi 4 Hygpower Dam is in Bukidnon and one source of geothermal power located
between north Cotabato and Davao del Norte shown in figure 4.  In deepeayémenebers ofmajor rivers within
the basin as shown in figurediher major rivers are including the Ala River, traversing the Ala Valley in the South;
the AmbaiSimuay River System originating from Lanao del Sur, and; the Tamontaka Rivers in thesidrvef
Mindarao river basin near between Cotabato city and Datu Odin Sinsuat Municipalitiesaddition, this study
also considered the environmental management policies under the Presidential Decred th@ntkarvironment
Code (1977) Under the title-1ll, Water quality managemerdndLand Use Management respectivéRD 1152)
Also in 2008, the Renewable Energy Act had been passed to strengthen the government policy to accelerate the
exploration of resources for Renewable Enggjy
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Il. Objectives

1. To improve the electricity in Mindanao.

A Calculated/Estimated theoretical Potential hydropower (Renewable energy source in the
Region/Province/Munipalities)

2. To optimize the use of hydroelectricity (power facilities) in Mindanao.

A Distinguish the power capacity from pico, micro, and lezgale hydropower.

3. To assess the environmental effects of the water resource development for energy.

A Observesustainable development works in water environment management through hydropower.

lll. Data and Methodology
[1l.1 Data

The data used in this research was obtained and downloadedhfiiomsgovernment agencies and global climate
datasets, the following are the list of datasets.
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A Digital Elevation Model (DEM) derived from a RADARSAT Synthetic Aperture (SAR), 10m resolution
was obtained from Department of Science and Technology and Univdrgity Bhilippines Project
(https://lipad.dream.upd.edu)h

A Administrative Boundaries of the Philippines, shapefile downloaded from Phil@is/philgis.org)

A Land ug data set of will be requested from the National Mapping and Resource Information Authority
(NAMRIA, http://www.namria.gov.ph/

A The soil dataset was obtained from the Bureau of Soil and Water Management

(http://www.bswm.da.gov.ph/

A Climate data sets such as temperature, precipitation, and wind were downloaded from the global data of
the National Climate Data Centértipps://www.rcdc.noaa.goy/

A Climate data sets such as solar radiation and humidity were obtained from Global Weather Data for
SWAT (https://globalweather.tamu.eglu/

A The observed dataset for river discharge was obtairtbe iDepartment of Public Works and Highways,
Bureau of Standardsifp://www.dpwh.gov.ph/dpwh/orghart/bureau/BR)5S

A The dataset for development plans was retrieved from various developgesties of the Philippine
government.

The datasets should be processed in ArcGIS prior to the actual ArcSWAT modeling, it must be projected with the
Universal Transverse Mercator (UTM) Zone 51 projection and World Geodetic System (WGS) 1984 asdah&&ahori
datum. Refer the figure Hl for the flowchart of ArcSWAT modeling.

[1l.2 Methodology
The flowchart shows the modeling procedures and steps, by using the inputs and following the processing flow,
by then you can able to generate the outputs for the computation and algorithm processes.

( INPUTS ) ( PROCESSING FLOW ) (_outPUTS /

R ) T

- River reach, Sub
Digital Elevation Model /_* Watershed

N

Delineation basin. Monitoring
(DEM)

l points
I I
/ HRUs

I - l ‘Weather Definition
‘V";i’}npm and Data bases
Precipitation, Humidity, = ables

N

Soil type and Slope Units (HRUs) definition

Land Use/Land Cover, /_._‘ Hydrologic Response
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Solar Radiation,
Temperature and Wind l
Speed

) Editing Data bases
Edit SWAT Input

!

SWAT run (Simulation)

N N

/ Model Outputs

Objectives [&—— -

Figure 7: Flowchart of the ArcSWAT modeling.

The baic procedure for modeling is clearly explained in the ArcSWAT manual (Winchell, Srinivasan, Di Luzio,
& Arnold, 2013). For this, there is a new release practical guide that explained interfaces and changes of the version
of ArcSWAT[9]. Moreover, the SWAT modeling can be possibly done thru the open sourcsétS QGIS is a
similar function to ArcG1910]. Thus,QSWAT modeling isuseful also for similar research metho8absequently,
SWAT modeling is useful for lonterm, and continuous simulation watershed model and designed to predict the
impact of water managemdtl]. It was devebdped to simulate the water cycle, and corresponding fluxes of energy
to assess the impact of management practicsFurthermoreA Th e S WAT provah ¢olbearheffestive
t ool for assessing water resource and nonpoint sot
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environment al c o n d[L3. Aml capabla also to £adibrate lsansitigel pardometérs of streamflow

[14].

Power Calculation

Basically, the power generated will be calculated by the given forfwula= §} 1 g ; Twhe@e Plisthe 1T
theoretical power in watts, } is the density of wat
the volumetric flow rateic ubi ¢ met ers per second, h is the head i

compute for theoretical hydropower potential for each river segments the above formula will be used and the head
algorithm was spatially combined in ArcGIS to the dasged values from the hydrologic mogEb].

Dischargecalculation is vey important to compare the results from the actual river discharged. Tisulistharge
formulas belowwill be used to calculate the theoretical river discharge

Velocity area method for streamflow or dischardes.

Q=ViA1+ V2 A2+ V3Az+ € é¥n - Equationl.

where:Q is discharged in #fs, V is velocity in m/s and\ is the area of streamflow.
Using dischargdlyer formula to estimate flows of watersheds surface values if the rivers are Eliilar

— — Equation 2.

where: Qsis a discharge of watershed,is the discharge of watershed 2, S is surface/length of the rivers/streams
a n d rddionalsoefficienthat usuallyaries between 0.5 and &mknding on the watershed's shape and the slopes.

In addition, to improve the quality of the modeling method and result then it is necessary to observe the efficient
computation and includes the regression calculations to describe the relationshipn hbgvegut and output
parameter§l8].

IV. Results

As of now, the modeling activities mot yetcompletel. Only initial modeling results in Buayan basin. It is just for
familiarizing the several technical terms, process flow, commands, inputs, and possible outputs. The simulation
results in Buayan Basin serves as a guide to avoid more errors in runmiagt thedek. Moreover, the initial results
of simulation would give an overall idea of the methodology and inputs that need to be collected in the nearest
weather station, river gauges and other environmdataketsuch chemicabeingutilized in agriculure cultivations.

V. Discussion and Limitation

This study is limited to the assessment of the hydropower potentials, its sites, and theoretical power generation.
The study may not able to cover the detail land use proposals for the developmenatéthesource in thegion.
This study is also not considering the water potable resource analysis since the data to be collected might be limited
in a developing county and the challenge for understanding some chemical term to be used for indiisatind ca
of the model output. Although SWAT can also model the water potability, and its potentifl @jtes

VI. Things to be done further
The following are the things to be done in order to achieve the objective of this study:

A Data Collection especially the weather datasets/climate data from meteoritical statiorstudyttazeas.
A Data collection foactualriver discharge of the simulated river basiios verification modeling results.
A Running the models in arcSWAT with complete and correct datasets
A Improve learning on arcSWAT modeling through tutorial and reading related literature.
A Improve understanding of the terms, technical term for the inputs, and results
A If possible to join a workshop with the arcSWAT community to further improve the tetkniwa-how
and interpretations of the results.
A Review of basic principles of hydraulic engineering and electrical engineering terms.
A Reading more higlyuality journal related to the research tools and modeling.
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Method for calculating snow lossesmsolar photovoltaic system production in
Yamagata prefecture, Japan
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Abstract (Summary of Research Proposal)

This research proposed presents a project in Yamagata prefecture (north of Japan) to develop a large solar PV plan
in one of the snowiest regions in Japan. The target of this project is to develop a model which predicts the snow losses
on energy productioat different tilts and analyze what is the best orientation to avoid losses during snow season.
Testdébs facility has been built adjacent to the proj
systems at 20, 25,30 and variableti one. The study is based on the cal
data, shortircuit current and maximum power, and the comparison against thecghait current measured from

the modules during the experiment.

1. Introduction

InYamagata prefecture (north of Japan), there is a pr
one of the snowiest locations in Japan and requires that the amount of expected production be calculated. The mode
will be largely dependw on different tilts, orientations, equipment types and other design components. The target of

this procedure is calculating the snow losses on PV modules in a project in Kitamurayama, Yamagata, Japan.

2. Objectives
1 The final goal is studying the snowaskes at different tilts and analyze what is the best orientation to avoid
losses during snow season.
1 Thereis a concern from the Local authority (Oishida Municipality first) that the PV module Racking system
will not be able to withstand the snow loadstent in Kitamurayama Location. This project will assist in

finding a solution which will give the Japanese authorities the right comfort.

3. Data and methodology
3.1 Data
Testds facility has been buil t adityisnaedf4 different rackingp r o j
systems at 20, 25, 30 and variable tilt one.
To run this experiment the following equipment has been installed:
1 3 cameras (Geovision ADR1300) on site that can remotely be accessed one by one, the images from the

camera are not recorded neither stored.

1 4 snow sensors (Sommer USHto measure the snow cover,
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- luinstalled on the ground
- luinstalled on the table at 25°
- luinstalled on the table at 30°
- luinstalled on the table at 20°
16 PT1000 adhesive sensors (Meteocamtl ) t o measure the modul esd bac
1 PT1000 sensors (Brand and model ??) to measure the ambient temperature.
1 5 pyranometers (KippZonen SMP11):
- 1 pyranometer to measure the Global Horizontal Irradiation
- 1 pyranometer tilted at 25° tneasure the Global Tilted Irradiation.
- 1 pyranometer tilted at racking variable tilt to measure the Global Tilted Irradiation for the variable
racking.
- 1 pyranometer tilted at 30° to measure the Global Tilted Irradiation.

- 1 pyranometer tilted at 20° to meae the Global Tilted Irradiation.

1) Experiment 1: Racking at 25° Table 1

Racking at 25°, 5x4 modules in landscape, only the last 5 modules on the right column of the racking will be tested.

2) Experiment 2: Variable tilt racking Table 2

Racking set uat 60°, 3 rows of 6 modules landscape, only the last 3 modules on the right column of the racking will

be tested.

3) Experiment 3: Racking at 30° Table 3

Racking at 30°, 4x2 modules in landscape, only the last 4 modules on the right column of the rildiénigsted.

4) Experiment 4: Racking at 20° Table 4

Racking at 20°, 4x2 modules in landscape, only the last 4 modules on the right column of the racking will be tested.

Data will be stored every 5 min as a minimum by the monitoring system. Data andllybie performed by using

the formulas described in the methodology section of this document every 5 and a summary will be done afterwards.

3.2 Methodology

The study is based on the <cal cul at kcocoitcwrént ancneaxirhume or e |
power, and the comparison against the stiocuit current measured from the modules during the experiment.

Isc and Power is mainly dependent on the irradiation and temperature of the cell, so it is possible to approx. the Isc

calcuation by the following formula:
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0O OYYS — | Y cqu (1)

where,

O = Short circuit current at experiment conditions, (A)

"O "Y"Y& Short circuit current at Standard Conditions (1000W/m2 and 25 Tcell), (A)
GTI= Global Tilted Irradiation, Irradiation at the module plane. (W/m2)

U= Temperature coefficient of Isc (% AC)
Tcell= Cell temperature (°C)

0 0 YY6 — p Y cu (2)
where,
0 = Power at maximum power point at expent conditions, (W)

0 "Y"Y& Power at maximum power point at Standard Conditions (1000W/m2 and 25°C cell temp), (W)
GTI= Global Tilted Irradiation, Irradiation at the module plane. (W/m2)

0= Temperature coefficient of Power (% AC)

Tcell= Cell temprature (°C)

The snow losses are calculated as follow:

POEI T Qp —— apmm 3
0DEOQI 0 POE&i i Qi (4)
4. Results

The following table shows an example of analysis of the snow losses during 7 days in December for the variable tilt

racking at 60 degrees.

Table 1. Analysis example of snow losses in December

Date - Sum of Snowfall (cm) Sum of GTI {(W/h) Sum of % Snow Losses Sum of Snow losses (W) Sum of Power module clean (W)

21/12/2017 -9.00 3429.38 70.97 5076.83 14332.49
22/12/2017 -4.00 887.82 30.80 348.99 3891.93
23/12/2017 -12.00 948.08 44.89 693.52 4160.72
24/12/2017 -4.00 881.62 28.53 5853.52 3B885.90
25/12/2017 3.00 716.86 45.08 697.25 3194.23
26/12/2017 31.00 2590.93 81.00 1274.15 1324.66
27/12/2017 12.00 758.22 34.44 573.80 3485.37
Grand Total 37.00 7912.90 339.76 9450.06 34275.38

5. Discussion and Limitation
Depending on the type and anmbwf snow (powder, crud, sleet) it is possible that snow sliding off the panels will
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not occur. The reason is that a layer of ice (thickness variable from few mm up to 20 mm (observed on site) is formed

on top of the Module which create a stable contacall the snow that fall on top of it.

6. Things to be done further

Some limitations include:

1 Install a fix tilt table on slope land >10° and evaluate if the teslaime would improve the sliding of the snow.

71 Install Coating Liquid end of Feb, begin of March when snow accumulation will be reduced to test the
effectiveness

1 Install the relative humidity sensor to establish a correlation between the snowistittiiighumidity (worth
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Semesterr esear ch activity summary

Alex Bunodieré
1CHESS Lab, Graduate School for International Development and Cooperation, Hiroshima University

Currently 1 am not exactly sure about what my research wilhtbout, at the beginning of the semester |
planned to study the feasibility of floating offshore wind turbines in Japan, however after attending a conference
called GRE2018, | realized that if | wanted to do a project that would make a real differeadepllook at
renewabl e energy policy, as itds the policy that
However, in this semester my focus has been more
way of literature reviewd. acknowledge that | need to focus a lot more on my research and especially doing
more literature reviews.

| believe that | have made some progress during this semester as | did do some research regarding the REIPP|
(renewable energy independent powerdpicer program) based in South Africa and the FIT (Feed in tariff) in
Japan, as | wanted to compare the differences between them. This led to the idea of developing a new set of
renewable energy policies for Japan, based on the success of the REIPPRaw/lsiabcessfully reduced the
price of renewable in South Africa by more than 350% in just over 7 years, while the renewable energy market
in Japan has stagnated as the FIT tariff has been reduced. The FIT model is not sustainable in its current state
becase it requires full financial support from the government whereas the REIPPP model promotes more and
more investment as the market becomes larger and larger. This is the main reasoning for choosing this topic as
| believe that this is a true problem angduld like to try to make suggestions to fix it.

The main difference between the REIPPP and the FIT is that the REIPPP is anlzasgsystem, whereas
the FIT is a tariffbased system. FIT tariff systems used to be the most used option howevey eegemtting
number of countries have started to shift to an audtamed system due to its ability to drive cost down, thus
increasing the renewable energy penetration in the area. The REIPPP is more than just ameaectieystem,
however, as it wagpecially designed to meet the needs of both the consumers of their electricity (The national
Electricity provider) while also contributing to a better way of life for the local communities around the proposed
renewable energy site. In fact, the economiadifferent proposals in the REIPPP only accounted for 70% of
the total score of each bid, with the remaining 30% specifically focus on the social aspects. A newly designed
action based system for Japan would have to take into account all of the spebifitng that face renewable
energy providers in Japan and the unique social issues.

My plan for this holiday is to focus solely on literature reviews, especially literature that deals with auction
and FIT and how they affect the success/failure of renkeveaitergy projects. My hope is that after this literature
review | will have a clearer picture that will help me focus my work within the coming semester.
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An Investigational Approach tothe 1993 Tsunami Rurup Model on the Built-in
Monai Beachused in GERRIS

Shiraj Md Morshed Bih

! Graduate School for International Development and Cooperation, Hiroshima UgjveBsit Kagamiyama,
HigashiHiroshima739-8592, Hiroshima, Japan

Abstract

A tsunami ruaup model is important to simulate the tsunami to compare with actual results. To consider inundation,
we need to go through the tsunami-tymandits behavior. A laboratory experiment can Heeachmark to validate

tsunami models.nl JapanCentral Research Institute for Electric Power Industry (CRIERIats a 1/400 scale
laboratory experiment of the Monai runup which is one of the unexpected phenomena of the 1993 tsunami. This test
has beertaken as an example in GERRIS to simulate the Monai riMagels are very sensitive about data, so we
should investigate our data before use.

1. Introduction

Small scale tsunami remp is much easier to understand comparing with thetiraal tsunami rurup models.
Understanding tsunami reurp is very important especially when we need to use new technical approaches for better
simulation.After a successful study of using Adaptive Mesh Refinement (AMR) method in the open source flow
solver GERRIS byl ee, 2015)we are more interested to use the AMR method in GERRtSse otsunami run

up in order to consider inundation in different binltcoastal zones of Japan. The 1991 tsurarikushirican be

a good example towvestigateThe Central Research Institute for Electric Power Industry (CRIE&tducted an

1/400 scale laboratory experiment using a latge tank which is @05 m long, 6 m deep, 3.4 m witleat has

been used as a benchmark test to validate the iMamap of the 1993 Okushiri Tsunami ({Ropinet, 2011)In the

same article S Popinet has ugethptive Quadtree Spatial Discretization for the solution of S&ntant Equation

which has been added Adaptive Quadtree Saivenant Solvein GERRIS to model 2004 Indian Ocean tsunami.
That 6s why GERRI S i s p o t-up modelsawith an oppartenity ofaising AMR methad ma mi
our future study.

2. Objectives

Our main objective is to disunami rurup and inundabn modeling using AMR on Onagawa Bag achieve this
goal two types of study is required to be conducted. Firstly, Literature reviewsderstanding and making tsunami
runrup and inundation model. Secondly, practicing useful technologies like GER&SHlisk etc for making the

simulation.

3. Data and methodology
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3.1 Data
In the benchmark problem prepared by CRIEPI, the following types of data have been provided:

l. Numerical simulation area

5.448m X 3.402m

Minimum depth:-0.125m (land)

Maximum depth0.13535m

Grid size 0.014m

Bathymetry dataBenchmark_Bathymetry.tjtith 393x244-95,892 data]

Fig 01:Benchmark_Bathymetry.tias been converted into excel spreadsheet using MATLAB to obtain
this figure showing the topography of the domain usdHersimulation of GERRIS.

For the better understanding about the domain we use scatter plotting tool of MATLAB to see the difference
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