FLOOD RISK MAPPING FOR

NAKHON RATCHASIMA MUNICIPALITY

Haruetai Maskong

A Thesis Submitted in Fulfillment of the Requirementsfor the
Degree of Doctor of Philosophy in Civil Engineering
Suranar ee University of Technology

Academic Year 2017



%4

MIAS N U TSN BININAHS VINAVIAUATUATIIV AN

wamIvgiiy alag

a a

a a i < L% a2 Y
IneninusiluaiurtisvesmsinmnmarangasdSyaniainssumansgufiudia
=) a2
NUIBIAINTINYH
unMIngnamnalulaggsms

Umsanu 2560



FLOOD RISK MAPPING FOR

NAKHON RATCHASIMA MUNICIPALITY

Suranaree University of Technology has approved this thesis submitted -in

partial fulfillment of the requirements for the Degree of Doctor of Philosophy.

Thesis Examining Committee

Op+ CYe L

(Asst. Prof. Dr. Kittiwet Kuntiyawichai)

Chairperson

C"\a“‘&a\\' \:7; '(‘(»\(‘\

(Assoc. Prof. Dr. Chatchai Jothityangkoon)

Member (Thesis Advisor)

VF1s D};m

(Asst. Prof. Dr. Preeyaphorn Kosa)

Member

W

(Asst. Prof. Dr. Pornpot Tanseng)

Member
/47 g7 ===

(Asst. Prof. Dr. Mongkol Jiravacharadet)

Member
Sy Kot CRmL
(Prof. Dr. Santi Maensiri) (Assoc. Prof. Flt. [ Dr.Kontorn Chamniprasart)

Vice Rector for Academic Affairs  Dean of Institute of Engineering

and Internationalization



wgie analae : mIafeeruiidesserihmaud s umauauasuaTYan
(FLOOD RISK MAPPING FOR NAKHON RATCHASIMA MUNICIPALITY)

A (= 7 v o a 9
’E)ﬁ]ﬁfJ‘Vl'iJiﬂ’]&ﬂ D IONFNANT10178 AT.NATHY I‘KGIB§EJ1QQ§, 138 i1

Aa A J o dydw S A = [y o 9 J g’ 1
Metnusatuildegissasamadnyiaamilyn innunle manisaitimou
= Ay A A = LA [ Y
Tueda luvesiunmaaoIunIuATIFaNT Taammizmaniaail) w.a.2553 tazlivun
v a od A g YA v e &y A Yo o
doyadnumanaimiuluefaliianugndeaniudiu Jeyanlad lagniwnlddmsy
Y [ v Y v Y
MINAUILUUTIa01 NI tiea319un UMY (Flood Hazard Map) NANUMSINATIANG 9
= o o d‘ A o 1Y 9 d’ d‘ [
510 15 25 50 uag 100 1 aaoadUWAIM DU A0 LASIATOIND A IS VT 1NN UNITEINY
v 1
1192 (Flood Risk Map) tWe 1411 T5unsu ArcGIS

3’ 1 ) @ ts 3’ T 4
%}@Naﬂjn\lﬁﬂu']1/]')3Jﬁ\‘]q@ﬁ]']ﬂﬂ']§ﬁ'lijﬂﬁaﬂEl]']ﬂlcl’iﬂﬂ']imu']ﬂjmlﬁﬂﬂ W.f.2553 gn

U U

o < ~ ogJ 1 4 o a a 3’
dnadrailuusuinniivag (Flood Event Map) teshinudn laaninilymies svesnisinaiin

Y v v Y
W TIUAINTUATIZH T 0YAN19QA-gNNINGIVINUATNBIA 28 WUIURUATIMILIN
o o = a J [ ~ 3’ 1 A

duinnuianiuma TuTagesmatazgiasauma (3amMumIry) iWuunuiihnuinaag
~ A 42 W Y = = & A oo ' =
1IN (Flood Extend Map) 'l lduaastannu@miiman onneda iansonaasda

dy A 09; 1 A a dy AR Y 9 [ A A g‘ 9 A 9 [
wummmumﬂmiﬂuwuwﬁﬂm”lﬂ uazmqu‘a’eJG]iwmillwaGlummzmﬂﬂmaumma:1 Llll

4 i1
v @ =)

@ 4 9 A :I 1 A = A A 1T o 421 =
g usaasniald asiwieaiamuinthmiunuaasdwansenuNianuuiudnIu 39
o o ¢ A A a3 v v
Tdunusiassmevamens Ae T1sunsy HecRAS V5 $1aoaunuiniiiming Tasaiedoya
Y Y v Y Y [
AMUAN (Geometric data) 1¥U 39981111 (Channel) HazNUNT V1NN (Floodplain) VoIiuh
= ~ a o v A A '
ANBIINUNUNANUZUTIAUAY (DEM) A10150940 Hee-GeoRAS 11 T1/51n53 ArcGIS now
1 9 A o 9 ) A 09/ ' = ) d” A
vzaeeondeyan1IInenIn el udnuniaewmuiniiimoy Fedoyanianien e un
= Yo 9 Su o By ; L a J . v A ~
An Tarhidulfnnuduiusserinesgautinazdsuanit (Rating curve) 1o aautiiey
v 2 '
m3 Inalusonir wunemdulszansanuugvse (Manning’s n) Mmangaylunuuiiasoy
2 2 k2 v v 4
FEUIN 0.020-0.035 (VUOGNUTZAUVDIT091I1) ttazvean N whmnIuegiulszinnues
9 PPN o A g’ 1 A g’ 1 o o
M35 19152 Tewinau mnwamssraesununtiiny taztruNimiInenmsd1se @wnsam
v a c’o‘ Y A tﬂy AR Y1 I 4 g‘ 1 Ao
anudnlamenmvesmsinaiduaasluiunfdnu lainiumamsaiimuniioasinsg
o oy A a oy = @ 1 o 3 [ 9 Y
gaga lualudnhfiaumaiad 503 (©as1ms Inaminy 217 m’s) wazdeamnsoadradu

Y [ @ 4 1 [ 091 a 2} A [ oy 9 A [ dy A oy [l
T NuauRUETEHINTzaUE uazlsuiaiin ‘wizﬂ‘umauﬁm"l,ﬂmwummmmumm

14
o J

aoiimin M.164 18 ansoldlSundnsgnn (Hydrograph) 1indoyansinia lugas

a oy Agy Y P
L’JﬁHﬂﬂUWGHGIﬁQGlWﬂﬂﬂfJQl!NufJ']ENGUH

U



II

F e ¥
A S A o/ o v o =)

v v Y
msiaeanunguanyuziuidssinimuduiunsaenindeyaunuiniim iy

y. 9 v
o o 1V 4

uazmaasunlaamsldlse Tewinau inuiimadildgadraesoindeyanis lvanuu

: S : o
AN (Unsteady flow) 1énslanndignalSunduds nazumuinis 14z Tesunauvesd) w.a.

2565 e TasuuU§ 1809 CA-Markov 1nurunng 195 Teasinauil w.a.2555 uaz 3 w.a.

& v d’l a 9/ A a d' l [ g a a =
2560 BIWUIN WH‘VIﬂTiGl‘HﬂizTﬂ‘lﬁu%QUﬂizlﬂﬂ‘l’lﬂgﬂWﬁﬂ l!ﬁ&i‘wu‘mﬁiﬁﬁﬂﬁﬂl’OQﬂ N.7.2565

)
¥ ¥
YA A @ o

v ¥V > )
MUY S99 9.05 1Ay Sooaz 11.92 audey 9101 W.#.2555 dana liinuniaesneimoiu

g °

Sd v R el Sl ek gl b g
I IWNYUITOIAY 53 ATY unudse vl Tomhendidgih T ddmivns

9

v 9
SRR mamummmmmﬁamﬁafTuﬁm‘hmﬂuamﬂ@]llﬁ’aammuéh

AU 39350 1851 MoilerainAny %ﬁ

. ; /
= o
nsdnm 2560 awiledee1nsdnlinm (EF‘(\




HARUETAI MASKONG : FLOOD RISK MAPPING FOR
NAKHON RATCHASIMA MUNICIPALITY. THESISADVISOR : ASSOC.

PROF. CHATCHAI JOTHITYANGKOON, Ph.D., 138 PP.

FLOOD MANAGEMENT / FLOOD HAZARD MAP/ FLOOD RISK / RIVER

FLOOD / GIS APPLICATION TOOL /

The objectives of this dissertation are to collect historical flood properties, to
understand flood behavior and to improve the accuracy of recorded flood in the
municipality of Nakhon Ratchasima, particularly, past flood in 2010. This information
has been used for developing flood inundation model to generate flood hazard maps
with the maximum discharge value at the observed station (M.164) for return periods
of 5, 10, 15, 25, 50, and 100 years. Then, develop an application tool in ArcGIS to
generate flood risk map.

To construct the flood hazard map from available observed flood map of the
small flood affected area, HecCRAS V.5 and GIS tool are used to formulate and
delineate flood hazard map for future scenarios of flood properties. For a ssimulation,
input physical parameters were generated by Hec-GeoRAS in ArcGIS based on DEM
(5x5 m?). A range of calibrated Manning’s n in a main channel was obtained from
fitting exercise with observed Rating curve. It was found that the n values between
0.020-0.035 (vary with elevation of main channel) are suitable values. Manning’s n in
floodplain depending upon the type of land cover that were estimated by the land-use
map. Observed and simulated flood map with precise information can be used to
understand flood behavior in urban area and to improve the accuracy of recorded flood

area from satellite images. For the 2010 flooding event in the concerning area, the
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simulated flood hazard map subjected to the discharge of 50 years return period (217
m’/s) is almost identical with the observed flood map from the surveying. These
results confirmed that the recorded hydrograph at M.164 was underestimated values
then the new hydrograph was proposed.

Simulated flood characteristic flood risk maps were derived based on existing
and different future flooding scenarios as various measures of land use change. Future
2022 land use map was predicted by CA-Markov model based on the spatial
distribution of land use from previous year 2012 and 2017. Predicted results showed
that community and business area have been increasing 9.05% and 11.92%,
respectively. Then, the highest risk area is increased about 53% in the next decade. In
addition, flood risk map can be utilized to identify priority of the area for flood

preparedness planning, flood mitigation and flood risk management.
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CHAPTER

INTRODUCTION

1.1 Problem background and importance of the study

The worst flood in five decades in Thailand occurred in 2011. It began in late
July by the rainfall of tropical storm Nock-ten, flood water moved through the
provinces of Northern and Central Thailand along the Mekong and Chao Phraya river
basins. By October flood water reached the Chao Phraya river and inundated parts of
the capital city of Bangkok. Figure 1.1 showed flood inundated area in Ayutthaya and
Pathum Thani Provinces in Central Thailland on 23 October 2011 (right), compared to
before the flooding on 11 July 2011 (left). In October, the Chao Phraya River had
overflowed onto nearby floodplains, especialy southwest of the river. Paddy fields,
roads, and buildings had all been submerged by flood water. Fast flooding and flood
water persevered inundation in some areas lasted until mid-January 2012. The flood
resulted in a total of 815 deaths (with 3 missing) and 13.6 million people affected.
Sixty-five of Thailand's 77 provinces were declared flood disaster zones, and over
20,000 sguare kilometers of farmland was damaged (Emergency Operation Center for
Flood, 2012). The World Bank estimated that the economic loss exceeded 1,425
billion baht. Most of these were manufacturing industries, as seven mgjor industrial
estates were inundated by as much 3 meters depth during the floods (World Bank,
2011). Disruptions of manufacturing supply chains affected regional automobile

production and caused a global shortage of hard disk drives which lasted throughout



2012. Tha government was unprepared for the long duration and severity of the
floods, and many communities felt that the Flood Response Operation Center
(FROC), which was established to coordinate emergency rescue and provide regular
communications to the public, was inadequate. The Thai Government was blamed by
the public that decision making on flood water management had done was carried out
based on political interest and without reliable projection of flood inundated area for

flood warning.

(a) 11 July 2011 (b) 23 October 2011

Figure 1.1 Satellite images of the 2011 flooding in Ayutthaya and Pathum Thani

Provinces (NASA Earth Observatory, 2011)



Peak floods often occur with a frequency results in loss life and property,
agricultures and industries. In 2010, Nakhon Ratchasima province located in the
upper Mun River basin as shown in figure 1.2, received excessive rainfall in
successive during day 14 — 16 October 2010. Mgority of floodplain area in Nakhon
Ratchasima province suffered from this serious flooding event. Heavy rains caused
large amount of runoff flow into both upstream and downstream of all reservoirs in
Nakhon Ratchasima province including Lamtakong and Lamphrapkloeng Dams. With
ongoing water flowing into these reservoirs until excess it capacity, the water level
was higher than the level of emergency service spillway which in turn caused severe
uncontrolled flood flow into many municipalities downstream. Moreover, most of the
rain could not be retarded by wetland, water then flow rapidly over lands into canals
and combined with overflow water from many dams. The combination of these events
caused widespread flooding on floodplain in lower basin including Muang Nakhon
ratchasima district, Pukthongchai district and Chaloemphrakiat district etc. Flood
water from tributary of Mun River was drained slowly into Mun River because the
water level in Mun River was higher than the water level in tributary’s canals and
there are alot of obstructionsin the canal which resulted in reduce flow speed.

There are two types of flood protection methods to alleviate flood: (1)
structural measures and (2) non-structural measures. The structural measures are a
hard tool for flood control use levees and floodwalls, by-pass floodways, retarding
basins and flood storage area, flood mitigation reservoirs and drainage systems
modifications etc. to reduce flood peaks. The non-structural measures are a soft tool
for flood management, including of land use management, flood forecasting and flood

warning etc. Both measures should be used together to mitigate disaster efficiently.



After flood disaster in year 2011, there are a number of adhoc organizations
were established by government. GISTDA (Geo-Informatics and Space Technology
Development Agency) is a public organization under the Ministry of Science and
Technology. GISTDA provides the satellite image archive for the Emergency
Operation Center for Flood, Storm and Landslide (EOC). The EOC supports broad
aspect of information for situation monitoring and evaluation to the provincial Flood
Relief Operations Center (FROC). GISTDA not only supplies daily information from
satellite images about the flooded areas but aso sending experts in geo-informatics
technology to help analyze satellites images, GISTDA also derives flood maps for
other agencies working under FROC. Flood map can present spatial data of
inundation area and expansion of flood boundary. However, it cannot evaluate flood
depth and flood duration. In order to protect or at least mitigate the effect of flooding
problems, physical characteristic of inundation area combine with consequent impact
have to be defined in the form of a flood risk map. The flood risk map will help the
responsible authorities to target on the area with higher risk where flood mitigation
plan have to be effectively implemented. Flood map and flood risk map will give

public tangible imagery of itsimpaction the flood on their community.
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1.2 Research objectives

Nakhon Ratchasima Municipality show in Figure 1.3 is located at the
downstream of the Lam Ta Kong River as the urban center of Nakhon Ratchasima
Province. There has suffered from flooding in 1978, 1996, 2002 and 2010 (Weeraya
and Jirawat, 2012). Thus, the objectives of this study are as follows::

1.2.1 Collect historical flood extent and delineate observed flood map in the
Nakhon Ratchasima Municipality, particularly, past flood in 2010.

1.2.2Develop the simple distributed model that could investigate the
combined effect of climate, soil, vegetation and topography on the runoff generation
processes at the catchment scale in a quantitative way .

1.2.3 Construct a flood hazard map from available observed flood map of the
small flood affected area with specified return periods.

1.2.4 Understand flood behavior in urban area and to improve the accuracy of
recorded flood map.

1.2.5 Derive flood risk maps based on different future flooding scenarios
including various measures of flood protection system land use change.

1.2.6 Develop an application tool in ArcGIS to generate flood risk map.



1.3 Scopeand limitations of study

1.3.1Study area is the Nakhon Ratchasima Municipaity in Nakhon
Ratchasima Province, Thailand. Upstream and downstream boundary are Khon Chum
Watergates and Khoi Ngam Watergates, respectively.

1.3.2HEC-RAS V.5 as a hybrid 1D2D model is used to quantified flood
extent, depth and velocity. Flood map simulation are considered as steady flow at the
observed station (M.164) for return period of 5, 10, 15, 25, 50 and 100 years.

1.3.3 The Topographic map with scale 1:50,000 (L7018 WGS84) is obtained
from the Royal Thai Survey Department (RTSD) .

1.3.4 The Digital Elevation Model (DEM) 5x5 m? resolution is obtained from
the Land Development Department (LDD) in the year 2008.

1.35The soil data is collected from the Land Development Department
(LDD) and the Department of Groundwater Resources (DGR).

1.3.6 The rainfall data and the weather data are provided by the Thai
Meteorological Department (TMD) between the years 1982-2013. There are 23
rainfall stations and 6 weather stations.

1.3.7 The runoff data is provided by the Royal Irrigation Department (RID)

between the years 1982-2013 for 12 stations.



1.4 Benéefit of study

1.4.1 Observed flood map with precise information (i.e. area, depth, duration)
can be used to understand flood behavior in urban area and to improve the accuracy of
recorded flood map from satellite images.

1.4.2 Food risk map can be identified and utilized as a tool for flood

preparedness planning, flood mitigation, and flood risk management.

15 Thedssstructure

Thethesisisdivided into 7 chapters Chapter | to VIl are as follows:

Chapter 1 “Introduction” present the problem background and importance of
the study, research objective, scope and limitation of study, benefits of study and
thesis structure.

Chapter Il “Basic concepts and literature review” consists of the descriptions
of flooding and flood map, hydraulic model and literature reviews.

Chapter 11l “Data and methodology” summarize about collected data,
surveyed data and description of methodology.

Chapter 1V “The development of a simple distributed hydrological model
based on up-scaling from pixel to catchment scale”

Chapter V “Flood hazard mapping using on-site surveyed flood map, HEC-
RAS V.5 and GIS tool: a case study of Nakhon Ratchasima Municipality, Thailand”

Chapter VI “The development of a GIS tool application for flood risk
mapping: a case study of Nakhon Ratchasima Municipality, Thailand”

Chapter VII “Conclusion and Recommendation” contains conclusion of the

study and recommendations.



10

1.6 References

Emergency Operation Center for Flood, Storm and Landslide (2012). Flood, storm

and landslide situation report. Retrieved 25 January 2012 (in Thai)

NASA Earth Observatory (2011). 2011 flooding in Ayutthaya Province-EO-1
merged [Onling]. Available: http://upload.wikimedia.org/wikipedia/commons
/elec/2011 flooding_in_Ayutthaya Province-EO-1_merged.jpg. [Accessed:
15 November 2013]

Weeraya,. M. and Jirawat, K. (2012). The study of flood relief measures of upper
Mun River Basin in Nakhon Ratchasima by Mike 11 Model. In The 10"
National Kasetsart University Kamphaeng Saen Conference, December 6-7,
Kasetsart University Kamphaen, Nakhon Pathom.

World Bank (2011). The World Bank Supports Thailand's Post-Floods Recovery
Effort [online]. Available http://www.worldbank.org/en/news/feature/
2011/12/13/ world-bank-supports-thailands-post-floods-recovery-effort.

[Accessed: 15 November 2013]



CHAPTER II

BASIC CONCEPTSAND LITERATURE REVIEW

This chapter summarizes the results of literature review carried out to
understanding of the flood phenomenon, concepts of the flood risk model, which

include recent research results and application of the flood risk map.

2.1 Introduction

Since the prehistoric times, floods interactions have evolved include a version to
flood risk, flood defense and flood risk management, all serve as mindset or a
paradigm. Flood is a general and temporary condition of partial or complete
inundation of normally dry land from overflow of inland or tidal waters from the
unusual and rapid accumulation or runoff of surface waters from any source. The
impacts of major floods may considerably increase in the future, since society is
becoming more vulnerable to the damage and disruption caused by floods, and

because floods may become more serious and more frequent due to climatic changes.

Flood can be defined as an overflow, or accumulation, of substantial water
volume that inundates the land (which is not normally submerged). Floods are well-
known natural hazard that sometimes can lead to devastated consequences like loss of
human lives or costly damage to the properties. In general, floods can be divided into

5 main types, which are (Ghosh, S.N., 2006) :
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1. River flood is the mgjor cause of flooding extensive areas as a result of heavy
rains in the catchment areas as well aslocal areas thereby increasing theriver level.

2. Flash flood occur due to heavy rainin hilly areas which cause local rivers and
small streams to rise to dangerous level within a short period of time (6-12 hours).
Heavy and continuous rainsin local areas can cause flash floods.

3. Urban flood occur due to local heavy rain up to 100 mm or more in a day
over the city and larger towns can cause damaging and disruptive flooding due to poor
drainage and rapid runoff.

4. Strom surge or tidal flooding occurs during tropical disturbances, developing
to cyclones and crossing surrounding coastlines. Cyclone induced storm surges have
devastating consequences in coasta areas and such surge induced floods may extend
many kilometers inland.

5. Floods arising due to failure of dam is the large number of large and small
dams are constructed to store water for various purposes. Due to poor maintenance
and due to exceptionally high precipitation, a severe flood may result causing failure
of the dam. This causes a surging water front travelling with high velocity causing
destruction of properties and loss of life.

Primary effects of flooding are physical damage to properties, buildings, roads,
and to natura resources, due to the drowning and subsequence epidemics or water-
borne diseases. Its secondary effects include, water-supply contamination, spread of
the water-borne diseases, diminishing of crop supply. Moreover, flooding can cause
long-term effect by corrupting natural resources and fertility of the ecosystem aong
with sustainable use of fertile land. High cost for recovering of the severely-damaged

buildings, infrastructure and human illnessis aso a concerned issue.
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2.2 Runoff generation processes

The rainfall — runoff question is aso at the heart of the interface linking
meteorology and hydrology. The temporal and spatial scales associated with surface
water inputs, given as output from meteorological processes have profound effects on
the hydrological processes that partition water inputs at the earth surface. High
intensity short duration rainfall is much more likely to exceed the capacity of the soil
to infiltrate water and result in overland flow than a longer less intense rainfal. A
cross section (Figure 2.1) through a hillslope that demonstrate in detail of the
pathways infiltrated water. Infiltrated water may flow through the matrix of the soil in
the inter-granular pores and small structural voids. Infiltrated water may also flow
through larger voids referred to as macropores. Macropores include pipes that are
open passageways in the soil caused by decaying roots and burrowing animals.
Macropores aso include larger structural voids within the soil matrix that serve as
preferential pathways for subsurface flow. The permeability of the soil matrix may
differ between soil horizons and this may lead to the buildup of a saturated wedge
above a soil horizon interface. Water in these saturated wedges may flow laterally
through the soil matrix or enter macrospores and be carried rapidly to the stream as
subsurface storm flow in the form of interflow.

With background on the pathways followed by infiltrated water can inspect
the processes involved in the generation of runoff (Figure 2.2). Each process has a
different response to rainfal or snowmelt in the volume of runoff produced, the peak
discharge rate, and the timing of contributions to stream flow in the channel. The

relative importance of each process is affected by climate, geology, topography, soil
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characteristics, vegetation, and land use. The dominant process may vary between

large and small storms.
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The infiltration excess overland flow processes is illustrated in Figure 2.2a.
There is a maximum limiting rate at which a soil in a given condition can absorb
surface water input. This process caled “Horton” overland flow, named after one of
the founding fathers of quantitative hydrology. As the infiltration capacity of the soil,
infiltration capacity is also referred to as infiltrability. When surface water input
exceeds infiltration capacity the excess water accumulates on the soil surface and fills
small depressions. Water in depression storage does not directly contribute to
overland flow runoff; it either evaporates or infiltrates later. With continued surface
water input, the depression storage capacity is filled, and water spills over to run
down slope as an irregular sheet or to converge into rivulets of overland flow. The
amount of water stored on the hillside in the process of flowing down slopeis called
surface detention. The transition from depression storage to surface detention and
overland flow is not sharp, because some depressions may fill and contribute to
overland flow before others. Figure 2.3 illustrates the response, in terms of runoff
from a hillside plot due to rainfall rate exceeding infiltration capacity with the filling
of depression storage and increase in, and draining of, water in surface detention
during a storm. Note, in Figure 2.3, that infiltration capacity declines during the
storm, due to the pores being filled with water reducing the capillary forces drawing
water into pores. Due to spatial variability of the soil properties affecting infiltration
capacity and due to spatial variability of surface water inputs, infiltration excess
runoff does not necessarily occur over a whole drainage basin during a storm or
surface water input event. Betson (1964) pointed out that the area contributing to

infiltration excess runoff may only be a small portion of the watershed. This idea has
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become known as the partial-area concept of infiltration excess overland flow and is
illustrated in Figure 2.2b.

Infiltration excess overland flow occurs anywhere that surface water input
exceeds the infiltration capacity of the surface. This occurs most frequently in areas
devoid of vegetation or possessing only a thin cover. Semi-arid rangelands and
cultivated fields in regions with high rainfall intensity are places where this process
can be observed. It can aso be seen where the soil has been compacted or topsoil
removed. Infiltration excess overland flow is particularly obvious on paved urban
areas. In most humid regions infiltration capacities are high because vegetation
protects the soil from rain-packing and dispersal, and because the supply of humus
and the activity of micro fauna create an open soil structure. Under such conditions
surface water input intensities generally do not exceed infiltration capacities and
infiltration excess runoff israre.

Overland flow can occur due to surface water input on areas that are already
saturated. This is referred to as saturation excess overland flow, illustrated in Figure
2.2c. Saturation excess overland flow occurs in locations where infiltrating water
completely saturates the soil profile until there is no space for any further water to
infiltrate. The complete saturation of a soil profile resulting in the water table rising to
the surface is referred to as saturation from below. Once saturation from below occurs
at alocation al further surface water input at that location becomes overland flow

runoff.
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Subsurface stormflow is a runoff producing mechanism operating in most
upland terrains. Subsurface stormflow describes a runoff generation processes in the
hillslope close to the soil surface that result in a stream channel hydrograph response
during a precipitation event as show in Figure 2.2d. This response may be coupled
directly to flow in preferential pathways like areas with high permeability. However,
rapid subsurface stormflow response may aso result from a fast-hydraulic response of
connected saturated areas in a hillslope in response to infiltrating precipitation (Burt

and Butcher, 1985).
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A hydrologic model was used development by Jothityangkoon et a (2001).

The water balance equation for revised, single bucket model is asfollows:

B~ p) - .0 - 00 -0 -, 2.1)

where s(t)is the volume of soil moisture storage, p(t)is the rainfall input
rate, q.(t) is subsurface runoff, g.(t) is saturation excess runoff rate, e (t) is bare
soil evaporation rate and e, (t) is the transpiration rate. Details of the four outflow

rates (ones with a negative sign on the right hand side of Eq. 2.1) can be described as

follows:
Subsurface runoff

The subsurface runoff term, gss, was determined using the relation:

_(5-3)

O y if s>s¢ (2.2a)

4 =0 i F (2.20)

Where s, is the soil-moisture storage at field capacity, and t, is a catchment
response time with respect to the subsurface flow. The threshold storage, s, is
assumed to be equal tos; = f.D, where f. is soil’s field capacity, and D is average

effective soil depth. The reason for the use of field capacity is that often when the
moisture content is less than the field capacity, capillary forces are larger than those

of gravity and drainage is prevented.
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In theory, the catchment response time, t., defines average traveling time of the

induced runoff within the catchment to reach catchment’s outlet. For the subsurface
flow, this value can be estimated by the Darcy’s law for idealized triangular
representation of the unconfined aquifer within a hillslope, assuming that the

hydraulic gradient can be approximated by slope of ground surface. This gives:

Lf

t.=——— 2.3
¢ 2K tanb 23)

where f is the average soil porosity, L is the average hill slope length, tan B is the
average ground surface slope, K, is the average saturated hydraulic conductivity.

However, due to the lack of necessary data, especially the hydraulic conductivity, for

performing direct calculation of t. from Eq. 2.3, its proper value was calibrated to

provide the best fit of the simulated discharge to the observed one.
Saturation excess runoff rate

Similarly, the surface runoff term, g (t) , was determined using the relation:
0. = (S—§,))/At if s>S (2.43)
0. =0 if s<§ (2.4b)

where §is the bucket’s soil-moisture storage capacity, given by § =fD
where f is the average soil porosity, and At isthetimeinterval. Eq. 2.4 indicates that

the excess surface runoff exists if amount of soil moisture storage is higher than

bucket’s soil-moisture storage capacity only, otherwise thisterm will be zero.
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Bare soil evaporation rate

The evaporation term, g, was estimated through the relation:

(2.5)

__ S
Q—G_Mmp (2.6)

where t, is a characteristic time scale associated with bare soil evaporation,
estimated using Eq. 2.6, e, is potential evaporation rate, and M is fraction of forest

vegetation cover. In the original lumped model, M can vary between 0 and 1 as the forest

cover can vary significantly basin to basin.

Transpiration rate

e, = Mk.e, if S>s, (2.78)
S :

& =1 if s<s, (2.7b)
g

= (2.8)

“ Mke, '

where t is a characteristic time scale associated with the transpiration and k, is a

plant transpiration efficiency.



23

2.3 Hydrologic model

231 Typeof the mode

The models are ssmplified conceptual framework of the water balance
at some specific area. Most models were developed using complicated mathematical
formulation to operate mainly at basin or catchment scale. They are mostly used for
hydrologic prediction and for apposite understanding of hydrologic processes and
their consequences. The hydrologic models commonly used nowadays can be divided
into two broad categories (Seth, 2006):

(1) Sochastic model generates outputs that are at least partially random
produces the different output from a given input. In essence, they are black-box
systems in nature as their main am is to link certain input (for instance rainfall) to
model output (for instance stream runoff) using some chosen mathematica and
statistical concepts where the commonly used are regression, transfer functions, and
system identification. The simplest form is the linear model, but it is common to
employ non-linear components to represent some general aspects of the catchment’s
response without moving deeply into real physical processes that might be involved
(no/little physical basis required). A well-known example isthe ANN model (artificial
neural network) which has the ability to model both linear and nonlinear relationships
without the need to make any implicit assumptions at first.

(2) Deterministic models, this model does not consider randomness. A
given input always produces the same output. The model’s processes are developed
based on definite physical laws and no uncertainties in prediction are admitted. The
models are based on our understanding of physics of the hydrological processes which

control catchment response and use physically-based equations to describe these
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processes. They basically try to represent main physical processes observed in the real
world, especiadly those of surface runoff, subsurface flow, evapotranspiration, and

channel flow, but these can go far more complicated.
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Figure 2.4 Schematic of awatershed discretization and associated flow network in
sub-watershed (left) and in grid-based artificia units (right)

(CRAHI, 2012).

Deterministic models can be further classified according to whether the
model gives a spatialy lumped or distributed description of the catchment area, and
whether the description of hydrological processes is empirical, conceptual or fully
physically based. Two groups of the models generally referred to in literature are

(Figure 2.4) (CRAHI, 2012);
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lumped model, this models conceptualy assume that the
transfer of water in the catchment taking place in only few well-defined storages (or
lump), each of which has homogeneous property and represents a fundamental unit in
the operating process (e.g. rainfall, soil characteristics, vegetation, land use practice).
Though, this assumption is rarely fulfilled in reality, their concepts still provide some
priory understanding in the water balance details of the examined area. These models
can be regarded as in the intermediate position between the full grid-based approach
and the empirical black box analysis. There are numerous lumped hydrologic models
which are based on concept of a Unit Hydrograph (UH). This concept isvalid within a
framework which assumes that the watershed is a linear causative and time invariant
system where only part of relevant excessrainfall that produces runoff.

The grid-based or distributed models, these models consider
the hydrologic process that taking place within area divided into a large amount of
small rectangular grids that enables them to describe the hydrologic processes with a
fine resolution (e.g. 100-500 m). The equations of the processes are solved in each
defined unit (grid) and combined with output from the neighbor. This structure leads
to very complex models that require a great amount of information, and at least, up to
present, the calibration of a tremendous amount of parameters, if not all the variables
may be estimated from field data. This makes the use of the distributed models for
realistic runoff forecasting is still rather difficult so far, particularly when performing

in the large and heterogeneous area.
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In generd, the black-box model is appropriate for the preliminary study
of the water balance process in the area due to its simple structure and no/little
physical data of the area required. However, it gives little information about the actual
process and severa adjustments in the calculating algorithms might be needed just to
fit the output data with the real observed ones. On the contrary, lumped model needs
more physical data and knowledge of the hydrological process in the area to work
properly. But its capacity is still limited to the analysis at basin/sub-basin scale only.
To have model with better spatia resolution, the grid-based model is the most suitable
aternative. However, the difficulties in developing such model liein its need for huge
amount of physical data and through knowledge of the hydrological process of the
interested area. Therefore, it typically works well for the study in small area.

There are two strategic approaches to build the preferred hydrologic
model, the downward (or top-down) and the upward (or bottom-up) approaches. As
described by Klemes (1983), the downward (or top-down) approach was applied in
the model’s developing process. In essence, this kind of work tries to find a concept
directly at the level or scale of interest (or higher) and then looks for steps that could
have led to it. Thisis in the contrary to the upward (or bottom-up) approach which
tries to combine, by mathematica synthesis, the empirical facts and theoretica
knowledge available at a lower level of scale into the theories capable of predicting
the response at the higher scale. As a consequence, the simple form of the preferred
model will be considered and test first at the preferred scale of interest, then more
complexity will be added to the original model to gain higher accuracy in the obtained

result until it reaches level of accuracy required.
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2.3.2  Rainfall-runoff model

The magjor input into the rainfall-runoff model is an estimate of rainfall
and the output is an estimate of runoff. The intermediate steps that transform rainfall
to runoff are the model processes. Among the hydrologic processes typically modeled
are: interception, infiltration, evapotranspiration, snowpack and snowmelt, retention
and detention storages, soil water movement, and filtration to ground water, overland
flow, open channel flow, and subsurface flow (interflow and base flow).

Rainfal runoff models may be grouped in two genera classifications
that are illustrated in Figures 2.5 and 2.6 The first approach uses the concept of
effective rainfall in which aloss model is assumed which divides the rainfall intensity
into losses and an effective rainfall hyetograph. The effective rainfal is then used as
input to a catchment model to produce the runoff hydrograph. It follows from this
approach that the infiltration process ceases at the end of the storm duration. An
alternative approach that might be termed a surface water budget model incorporates
the loss mechanism into the catchment model. In this way, the incident rainfall
hyetograph is used as input and the estimation of infiltration and other losses is made
as an integral part of the calculation of runoff. This approach implies that infiltration
will continue to occur as long as the average depth of excess water on the surface is

finite. Clearly, this may continue after the cessation of rainfall.
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Figure 2.5 Rainfall-runoff models using effective rainfall (Alan, 2010)
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Figure 2.6 Rainfall-runoff model using a surface water budget (Alan, 2010)



Examples of the rainfall-runoff model

Unit hydrograph model
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Unit hydrograph shows the tempora change in flow per unit of runoff.

The unit hydrograph is a useful tool in the process of predicting the impact of

precipitation on streamflow. The role of unit hydrograph theory in the flood prediction

process (Figure 2.7) is to provide an estimate of streamflow given an amount

precipitation. The Unit Hydrograph provides us with a way to estimate runoff, and is

an integral part of many hydrologic modeling systems.
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Figure 2.7 Flood prediction process (NOAA National Weather Service (NWS), 2010)
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Curve Number model

The Curve Number (CN) method was developed to estimate total
storm runoff from total storm rainfall. This method estimates direct runoff, which
consists of channel runoff, surface runoff, and unknown proportion subsurface runoff.
Generadly, the CN method is well suited for small watershed (Tekeli et al., 2007). In
contrast, it is not restricted to use for only small watersheds. It can be applied equally
well to other large areas if the geographic variations of storm rainfall, soil, and land
use are taken into account. So that with increasing availability of finer spatial
resolution information from remote sensing data on land use, it is possible to use CN
method for large areas with better accuracy (Chatterjee et al., 2001).

The model was developed to provide a consistent basis for estimating
the amounts of runoff under varying land use and soil types (Rallison and Miller,
1981).

The SCS curve number equation is (Soil Conservation Service, 1972)

(Riy = 1a)°

Quir = R 2l (2.9)
(Rday B Ia + S)

Where Q,; Is the accumulated runoff or rainfall excess (mm.H20),

Ry istherainfal depth for the day (mm.H0), |, isthe initial abstractions which

includes surface storage, interception and infiltration prior to runoff (mm.H,0) and S

isthe retention parameter (mm.H,0).
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The retention parameter varies spatialy due to changes in soils, land
use, management and slope and temporally due to changes in soil water content. The
retention parameter is defined as:

1000 } (2.10)

S= 25.4[— -10
CN

Where CN is the curve number for the day. The initial abstractions,

|, iscommonly approximated as 0.2S and equation 2.9 becomes:

(R - 0.2S)?

Quy = Rem059 (2.12)

Runoff will only occur when R, >I,. A graphical solution of

equation 2.11 for different curve number valuesis presented in Figure 2.8.
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2.3.3 Water balance concept

The natural occurrence of water circulation near the surface of the
earth, the hydrologica cycle is illustrated in Figure 2.9. The movement of water
through the hydrological cycle varies significantly in both time and space. The
hydrological cycle emphasizes the four phases. precipitation, evapotranspiration,
surface runoff and groundwater. Water balance is based on the law of conservation of
mass. any change in the water content of a given soil volume during a specified
period must equal the difference between the amount of water added to the soil
volume and the amount of water withdrawn from it. In principle, a water balance can
be computed for any soil volume, ranging from a small sample of soil to an entire
catchment.

When the control volume is the entire catchment, the surface water

bal ance equation can be expressed as:

AS=P-Q-ET-R (2.12)

where ASis the change in spatialy averaged catchment water storage, Pis the
spatialy averaged precipitation, Qis the spatially averaged catchment surface runoff,
ET is the spatially averaged evapotranspiration and Ris the spatialy averaged
catchment recharge.

The water balance model in Eq. 2.12 is applied to determine amount of
the total overland surface runoff over each considered unit area under the prior input
data. It then simulates the runoff movement to the neighboring land units before

finding its way to the stream channel situated nearby. Flow pattern of the existing
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surface runoff usually determined by the topographic elements of the area, especialy
surface slope and aspect. Primary output from the hydrologic model is hydrographs at
varying locations along the waterways to describe quantity, rate and timing of stream
flow that results from the associated rain events. These hydrographs then become a
key input into the hydraulic model. The hydraulic model simulates the movement of
flood waters through waterway reaches, storage elements, and hydraulic structures. It
calculates flood levels and flow patterns and also complex effects of backwater,
overtopping of embankments, waterway confluences, bridge constructions and other
hydraulic structure behavior.
2.34 Water balance concept based on water shed

Typicaly, the watershed can be defined as an enclosed region where
the direct precipitation occurs within the confines of its drainage basin and collects
into a stream channel, flowing downhill to acommon basin outlet. A drainage basin is
the physical boundary between watersheds where slope of the watershed diverts all
surface runoff to the same drainage outlet. The boundary between watershedsis called
a drainage divide. Watershed hydrology deals with the rainfall-runoff relationships
found across a drainage basin (Singh 1992).

Watershed runoff is composed of three components: surface runoff,
interflow, groundwater runoff (i.e. baseflow). Surface runoff flows over the surface of
the watershed and downstream in stream channels to the watershed basin outlet.
Interflow is the portion of runoff that infiltrates into the upper soil layers of the
watershed and moves laterally until it reaches the stream channel. Interflow moves
dower than surface runoff, reaching the stream channel later in time. Base flow

percolates through soil until it reaches the water table and then moves lateraly until
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reaching the stream. Base flow is much slower than both surface runoff and interflow
and has little to no impact on flood peaks resulting from a storm (Shultz, 2007).

Surface runoff is composed of two main components. overland flow
and channel flow. Overland flow is the portion of runoff which flows over the land
surface to the stream channel. Overland flow occurs when the precipitation rate from
a storm exceeds the interception capacity of the vegetative canopy, the infiltration
capacity of soil on the watershed, and surface storage. Channel flow is the trandlation
of aflood wave as it moves downstream in a stream channel. As runoff moves across
a watershed and then downstream to the outlet, it undergoes changes across both the
overland flow plane and within the stream channel (Shultz, 2007).

Regarding to general concept of the hydrologic model stated earlier,
there are five main factors that contribute the most to variation of the observed
channel runoff:

1. Precipitation (e.g. duration, distribution, intensity) is used as the
input water resource in the water balance model;

2. Topography (e.g. slope, geologic structure, drainage system) is used
to determine general flow direction of the surface runoff;

3. Evapotranspiration (ET ) is used to determine rate of water loss due

to the evapotranspiration process (depends mostly on the climatic and soil conditions
and vegetation cover pattern);

4. Soil infiltration capacity is used to determine the water loss due to
theinfiltration process (depends mostly on sail type);

5. Land use/land cover (LULC) pattern is used to assist the

determination of flow movement, infiltration rate and AET rate the most.



36

2.3.5 Channel Routing

Hydraulic routing is based on the solution of partia differential
equations of unsteady open-channel flow. The equations used are the St. Venant
eguations or the dynamic wave equations (Chow 1988). The hydraulic models (e.g.
dynamic and diffusion wave models) require the gathering of a lot of data related to
river geometry and morphology and consume a lot of computer resources in order to
solve the Saint-Venant equations numerically.

Governing equations and numerical solution schemes

A complete set of governing equations for reduced complexity two-
dimensional flood modelling comprises one of the simplified forms of the momentum
equation, and a continuity equation. Continuity (or the law of conservation of mass)

relates the volume in a given computational cell to the flows into and out of it during

atime step:
ov"! i“Li i (- ij
po =Q " -Q) +Q,'*=Q}; (2.13)
where V-1 is the volume in cdl (i.i), t is the time and and

Q.M. Q, Q)" and Q' describe the volumetric flow rates (either positive or

negative) between adjacent floodplain cells in the x and y Cartesian directions

respectively. The continuity equation for the cell (i, ) can therefore be written:
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ot _ QM Qi+, o]
ot AXAy
Qe ~ Qi + Quta — Qi
AXAY

(2.14)
+(1-q)

Where h ! isthe flow depth, Ax and Ay are the grid cell dimensions. The

weighting coefficient (q ) is used to determine whether the equation system is solved

fully or partially implicitly forg <1 or explicitly for g =1 (Cunge et a., 1980).

24 Toolsfor Flood mapping

MIKE FLOOD

MIKE FLOOD is the complete toolbox for flood modelling available.
It includes awide selection of 1D and 2D flood simulation engines, which enable user
to model virtualy any flood problem - whether it involves rivers, floodplains, floods
in streets, drainage networks, coastal areas, dam, levee and dike breaches or any
combination of these. Where other tools give up, MIKE FLOOD gives results. The
core elements in MIKE FLOOD are well-proven models, MIKE 11 for rivers, MIKE
URBAN for collection systems and MIKE 21 for 2D surface flow. These are coupled
to form a unique and trend-setting three-way coupled modelling tool. MIKE FLOOD
is applicable at any scale from a single parking lot to regional models. Independent
studies show that you can save months of efforts and create more reliable models by

upgrading from standard 1D modelling to MIKE FLOOD.
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HAZUS-MH software

HAZUS-MH was developed by the Federal Emergency Managenment
Agency’s (FEMA) of USA. HAZUS is a nationadly applicable standardized
methodology that contains models for estimating potential losses from earthquakes,
floods and hurricanes. HAZUS uses Geographic Information Systems (GIS)
technology to estimate physical, economic and social impacts of disasters. It
graphicaly illustrates the limits of identified high-risk locations due to earthquake,
hurricane and floods. Users can then visualize the spatial relationships between
populations and other more permanently fixed geographic assets or resources for the
specific hazard being modeled, a crucial function in the pre-disaster planning process.
HAZUS is used for mitigation and recovery, as well as preparedness and response.
Government planners, GIS specialists and emergency managers use HAZUS to
determine losses and the most beneficial mitigation approaches to take to minimize
them. HAZUS can be used in the assessment step in the mitigation planning process,
which is the foundation for a community's long-term strategy to reduce disaster losses
and break the cycle of disaster damage, reconstruction and repeated damage. Being
ready will aid in recovery after a natural disaster. As the number of HAZUS users
continues to increase, so do the types of uses. Increasingly, HAZUS is being used by
states and communities in support of risk assessments that perform economic loss
scenarios for certain natural hazards and rapid needs assessments during hurricane
response. Other communities are using HAZUS to increase hazard awareness.
Emergency managers have also found these map templates helpful to support rapid

impact assessment and disaster response.
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WM S software

The Watershed Modeling System (WMS) is a modelling system for
watershed hydrology and hydraulics. WMS is capable of automated delineation of
sub-watershed boundaries and flood extent, and includes graphic display options to
aid in understanding the drainage characteristics of terrain surfaces as well as severa
computation featuresWMS is a comprehensive graphica modeling environment for
all phases of watershed hydrology and hydraulics. WMS can perform operations such
as automated basin delineation, geometric parameter calculations, GIS overlay
computations (CN, rainfal depth, roughness coefficients, etc.), cross-section
extraction from terrain data, floodplain delineation and mapping, storm drain analysis,
runoff, and more.

HEC-RAS

The Hydrologic Engineering Center River Analysis System (HEC-
RAYS) is free software with a friendly graphical user interface that was successfully
used for flood studies (US Army Corps of Engineers, 2014). This software allows the
user to perform one-dimensional steady flow, one and two-dimensional unsteady flow
calculations, sediment transport/mobile bed computations, and water temperature/
water quality modeling. In 2014, a new version of HEC-RAS (HEC-RAS-Vv5) was
released including 2D capabilities. HEC-RAS-v5 can be used either as a fully 2D
model or as a hybrid 1D2D model when the main rivers are modelled as 1D and the
floodplains are modelled as 2D. Although a hybrid 1D2D model tends to be faster
than a 2D model, such 1D2D model requires the user to define the connections
between the 1D and the 2D models. Such connections require a prior definition of the

overflow locations.
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2.5 Review of thereevant research works

Flooding is a critical, yet natural phenomenon with severe economic, social and
environmental consequences. Recent years, the results of severe flood events
underline the requirements for reliable flood modelling tools that enable us to
analyses flood events and develop flood protection measures or flood mitigation
strategies in the attempt to prevent the losses of human lives and property, as well as
to minimize significant destruction of infrastructure and landscape. Severd
hydrologic models have been developed and applied to the study of surface runoff
characteristics and the associated flooding analysis for the interested areas. Examples
of these works are reviewed here as follows.

Werner (2000) indicated that the flood hazard in areas adjacent to rivers may
be estimated by applying hydrological/hydraulic models to calculate parameters such
as flood extent, depth and duration. However, by using atwo-dimensional flow model
based on the topography has the drawback that computational requirements are high,
making this approach unattractive when applying in, e.g., a decision support system.

Sinnakaudan et al. (2002) found that the Geographic Information System
(GIS) is an efficient and interactive spatial decision support tool for flood risk
analysis. They had developed the ArcView GIS extension namely AVHEC-6.avx to
integrate the HEC-6 hydraulic model within GIS environment. It has the capability of
anayzing the computed water surface profiles generated from HEC-6 model and
producing a related flood map for the Pari River in the ArcView GIS. The flood risk
model was tested using the hydraulic and hydrological data from the Pari River
catchment area. The results of this study clearly show that GIS provides an effective

environment for flood risk analysis and mapping.
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Liu et al. (2003) studied a diffusive transport approach for flow routing in GIS-
based flood modelling. This research proposes a GlS-based diffusive transport
approach for the determination of rainfall runoff response and flood routing through a
catchment. The watershed is represented as a grid cell mesh and routing of runoff
from each cell to the basin outlet is accomplished using first passage time response
function based on the mean and variance of the flow time distribution derived from
the advection—dispersion transport equation. The flow velocity is location dependent
and calculated in each cell by using the Manning equation based on the local slope,
roughness coefficient and hydraulic radius. The total direct runoff at the basin outlet is
obtained by superimposing all contributions from every grid cell.

Jothityangkoon and Sivapalam (2003) developed the distributed rainfall-
runoff model to predict extreme flood. It was found from this work that when increase
of normal flood condition to the extreme flood condition, the model’s results showed
that process of the runoff occurrence has changed by increasing of saturation excess
overland flood from the increase of the saturated area. The overflowing process of the
river bank had the role more than the flowing in the waterway.

Werner et al. (2005) explored the potential for identifying roughness values for
distributed land use types using a comprehensive calibration data set of the 1995 flood
event in the River Meuse, including gauged levels, flood extent maps and distributed
flood plain level observations. The reach studied was modelled using an integrated
1D-2D hydrodynamic model, with floodplain flow modelled in the 2D domain.
Detailed information on floodplain land use types is aggregated to form one, two or
five classes of floodplain roughness. Sensitivity analysis of model performance

against the calibration data shows that as the number of floodplain classes increases,
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sensitivity to these roughness values decreases, given alocation of prior roughness
values on the basis of constituent land use types and associated roughness values
found from literature. Evaluating the identifiability of the roughness in these classes
using the Generalised Likelihood Uncertainty Estimation (GLUE) method confirms
this insensitivity. As a consequence, application of complex formula to establish
roughness values for changed floodplain land use would seem inappropriate, and
evaluation of such changes within a probabilistic framework are suggested.

Jothityangkoon et al. (2006) applied the distributed rainfall-runoff model
developed in Australia to analyze daily water balance in Lum Pang Chu Watershed,
which is sub-catchment of Mun River in the northeast of Thailand. Result of the daily
model being developed by using long term water balance concept found that, it was
necessary to add more complexity to runoff generation processes from soil-water
storage to increase base flow in the stream and receive a better fit to the observed flow
duration curve.

Ramlal and Baban (2007) developed a GIS-based hydrologic model to flood
management in Trinidad, West Indies. This work uses GIS to map the extent of the
flooding, estimate soil loss due to erosion and estimate sediment loading in the rivers
in the Caparo River Basin. The results indicate that flooding was caused by several
factors including clear cutting of vegetative cover, especialy in areas of steep slopes
that lead to sediment filled rivers and narrow waterways. Other factors include poor

agricultural practices and uncontrolled development in floodplains.



Merwade et al. (2008) studied of GIS techniques for creating river terrain
models for hydrodynamic modelling and flood inundation mapping. The objectives of
them study are to highlight key issues associated with creating an integrated river
terrain, and propose GIS techniques to overcome these issues. Multiple approaches
are used to create river terrain models for 2D/3D hydrodynamic modelling and flood
inundation mapping. Creating surface representations of river systemsis a challenging
task because of issues associated with interpolating river bathymetry, and then
integrating this bathymetry with surrounding topography. The techniques are
presented by mapping and analyzing river channel data in a channel fitted coordinate
system; interpolation of river cross-sections to create a 3D mesh for main channel;
and integration of interpolated 3D mesh with surrounding topography. Creation of a
3D mesh for the main channel using a channel-fitted coordinate system and
subsequent integration with surrounding topography produces a coherent river terrain
model, which can be used for 2D/3D hydrodynamic modelling and flood inundation
mapping. Since the results from hydraulic and hydrodynamic models are greatly
affected by the geometric description of the river channel bathymetry and surrounding
topography, an integrated river terrain that accurately describes the main channel and
the floodplain along with geomorphologic and engineering features is an important
dataset that will improve our ability to accurately model and understand river flow

and surrounding hydrologic processes such as surface water/ground water interaction.



Zonensein et al. (2008) presented a quantitative multi-criteria index, named
Flood Risk Index (FRI), which is able to overcome some off the inconveniences of
traditional flood risk assessment methodologies. The two components of risk
(Probability and consequences) are represented by sub-indices, related both to flood
properties and to local vulnerability and exposure characteristics, and each sub-index
results from the interaction of a number of factors, expressed by indicators. The
relative importance of indicators and sub-indices is represented by weights associated
to each of them. The concept of risk has variable meaning according to the context in
which it is employed and, for that reason, the adopted interpretation must be
elucidated prior to any analysis. In engineering, risk is divided in two basic
components. one related to the probability of occurrence of a hazardous event and
another regarding its consequences. Concerning flood risk, in particular, this is the
definition mostly accepted being. Range of the FRI were set up for the sake of
simplicity and clarity, it was determined that the FRI should be a dimensionless value,
which could range between O and 100 — the minimum and maximum risk,
respectively. Moreover, in order to operate the indicators that compose FRI, which
have varied natures and units, they must be normalized beforehand, converting them
into a common range. According to the formulation established next, all indicators
have to be adjusted to the same range, assuming values between 0 and 100. Finaly,
weighted summations and products compose the formulation of FRI. The index
constitutes a decision support tool, alowing the rating, identification, and comparison
of critical zones, the assessment of different flood risk scenarios, the development of

flood risk maps, among other potential uses. The FRI was applied in aGIS.
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Chen et al. (2009) developed a Gl S-based urban flood inundation model called
GUFIM which consists of two components. a storm-runoff model and an inundation
model. Cumulative surface runoff, output of the storm-runoff model, serves as input
to the inundation model. The storm-runoff model adapts the Green-Ampt model to
compute infiltration based on rainfal characteristics, soil properties, and drainage
infrastructure conveyance. The basis of the inundation model is a flat-water model.
This effort uses publicly available elevation data, storm data, and insurance claim data
to develop, implement and verify the model approach.

Rozalis et al. (2010) studied of the assessment of flood hazard by developing a
flood hazard map for mid-eastern Dhaka of Bangladesh was carried out by 1D
hydrodynamic simulation using both topographic remote sensing data and hydrologic
field-observed data. The study demonstrates a simple and effective way to modify the
collected DEM. The aim of flood hazard map is to provide residents with the
information on the range of possible damage and the disaster prevention activities.
The effective use of hazard map can decrease the magnitude of disasters. On the other
hand, flood risk map represents the current scenario of that area according to degree
of risk. The map provides helpful information about flood risk management and
should be useful in assigning priority for the development of high-risk areas.

Masood and Takeuchi (2010) studied of flash floods prediction. Flash floods
cause some of the most severe natura disasters .The complexity of flash flood
generation processes and their dependency on different factors related to watershed
properties and rainfall characteristics make flash flood prediction a difficult task.
They used an uncalibrated hydrological model to ssimulate flow events. The model is

based on the weal-known SCS curve number method for rainfall-runoff calculations
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and on the kinematic wave method for flow routing. Existing data available from
maps, GIS and field studies were used to define model parameters, and no further
calibration was conducted to obtain a better fit between computed and observed flow
data The model rainfall input was obtained from the high temporal and spatial
resolution radar data adjusted to rain gauges. The model shows a generally good
capability in predicting flash flood peak discharge in terms of their genera level,
classified as low, medium or high (all high level events were correctly predicted). It
was found that the model mainly well predicts flash floods generated by intense,
short-lived convective storm events while model performances for lowland moderate
flows generated by more widespread winter storms were quite poor. The degree of
urban development was found to have a large impact on runoff amount and peak
discharge, with higher sengitivity of moderate and low flow events relative to high
flows. Flash flood generation was also found to be very sensitive to the temporal
distribution of rain intensity within a specific storm event.

Khatibi (2011) used historical data to model these transitions and to explain.
This is a new bottom-up modelling capability based on a set of postulates
integrating:(i) systemic thinking where systems are effected by four types of feedback
loops to be described in the paper, which include positive/negative feedback; and (ii)
evolutionary thinking, where each feedback loop is associated with a “‘risk mindset.”
These mindsets can undergo evolutionary transition from one to the next and the
transition is largely driven by natural selection. After an evolutionary transition, lower
mindsets do not necessarily disappear but can adapt and coexist with higher order
loops. Based on the insight gained, the paper argues that (i) as the loops coexist

pluralistically, systems increase in their complexity; (ii) there may be unexpected
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dynamic behaviors when a system isinteracted with different types of feedback 1oops;
and (iii) currently, these dynamic behaviors are overlooked, suggesting possible
loopholes, bottlenecks or barriers and hence the motivation.

Jothityangkoon et al. (2013) studied of the assessing the impact of climate
and land use changes on extreme floods in a large tropical catchment. They concern
about the safety of large dams designed and built some 50 years ago. In this study
distributed rainfall-runoff model appropriate for extreme flood conditions is used to
generate revised estimates of the Probable Maximum Flood (PMF) for the Upper Ping
River catchment in northern Thailand, upstream of location of the Bhumipol Dam.
The model has two components. a continuous water balance model based on a
configuration of parameters estimated from climate, soil and vegetation data and a
distributed flood routing model based on non-linear storage discharge relationships of
the river network under extreme flood conditions. The model is implemented under
several alternative scenarios regarding the Probable Maximum Precipitation (PMP)
estimates and is also used to estimate the potential effects of both climate change and
land use and land cover changes on the extreme floods. These new estimates are
compared against estimates using other hydrological models, including the application
of the origina prediction methods under current conditions. Model simulations and
senditivity analyses indicate that area reasonable Probable Maximum Flood (PMF) at
the dam site is 6,311 m%/s, which is only slightly higher than the original design flood
of 6000 m%/s. As part of an uncertainty assessment, the estimated PMF is sensitive to

the design method, input PMP, land use changes and the flood plain inundation effect.
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Daungthima and Hokao (2013) studied of the Analyzing the Possible

Physical Impact of Flood Disasters on Cultural Heritage in Ayutthaya, Thailand. They

was reviews of disaster vulnerability factors, found that the most crucial factors may

be organized as six groups of factors which are: topography, slope, density of

building, distance from the river, drainage system and soil type, and distance to road.

Topography refers to current elevation and surface water flow paths. Slope refers to

upstream source of flooding, flood susceptibility and overflow sensibility. Density of

building refers to land value per floor space and land use. The distance from the river

refers to distance of area flooding risk to river. Drainage system and soil refer to

vulnerable community and critical, soil erodibility, soil drainage, soil moisture, soil

scape in fragile environmental balance and soil composition. Distance to road refers

to distance of historical sitesto road.

Table 2.1. The disaster vulnerability factors

Factors Detail of factors
Topography Current elevation
Surface water flow paths
Slope Upstream source of flooding

Density of building

Distance from
theriver
Drainage system
& Soil

Distance to road

Flood susceptibility
Overflow sensibility

Land value per floor space
Land use

Areaat risk from flooding

V ulnerable community and critical infrastructure
Soil erodibility

Soil drainage

Soil moisture

Soil scape in fragile environmental balance

Soil composition

Distance of historical site to road
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Mongkonkerd et al. (2013) determined flood risk not only by vulnerability but
also by characteristics and coping capacity to flood exposure. Therefore, the risk of
flood is based on three crucia elements which are related as shown in equation 2.15

(the formula of flood risk).

Vulnerability x Characteristic
Coping capacity

Flood risk = (2.15)

The best ways to reduce flood risk are reducing vulnerability and increasing coping
capacity, which is a core common component of flood risk management. Figure 2.10
and Figure 2.11; show the elements of flood risk which depend on vulnerability,

frequency of damage, the ability of local people to cope with flood as follows:



Figure 2.10 The components of flood risk (Daungthima and Hokao., 2013)

Figure 2.11 The reduction of flood risk (Daungthima and Hokao., 2013)
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Vulnerability refers to circumstances of a community or asset that make it
susceptible to the damaging effects of a flood. There are many aspects of
vulnerability, arising from various physical, social, economic, and environmental
factors. Examples may include construction of buildings, inadequate protection of
assets, lack of information and awareness.

Characteristic refers to natural disaster occurrence, frequency of damage,
duration and maximum water level.

Coping capacity is the ability of people in the community to face and
manage the flood using available skills and resources. The capacity to cope requires
continuing awareness, resources and good management, both in normal times as well

as during crises or adverse conditions.
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CHAPTER I11

DATA AND METHODOL OGY

This chapter describes the materials and methodology of risk mapping.
Conceptual framework of the research is shown in Figure 3.1. Table 3.1 is represented
physical datafor basin in the study area. Upper Mun river basin consist of 6 subbasins
shown in Figure 3.2 to demonstrate primary collected data, Lam Takong subbasin is

chosen to represent methodol ogy process.

3.1 Data preparation

3.1.1 Physical characteristic of study area
Digital Elevation Model (DEM)
The topography of land surface substantially influence on the magnitude and
dynamics of surface runoff. To illustrate the shape of land surface, DEM can be used
to generate topographic map. The Digital Elevation Model (DEM) (Figure 3.3)
contains spatially distributed elevation information to alow an automatic delineation
of watershed boundary. Topographic maps from the Royal Thai Survey Department
(RTSD) at the scale 1:50,000 and 1:4,000 are used to generate DEM. The relevant
parameters can be generated from DEM: slope, flow direction, flow accumulation and
stream network. In general, increasing level of spatial resolution can increase the
accuracy of the smulated results. Values assigned to any grid cell represent an

average value over anumber of grid elements.
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Figure 3.2 Upper Mun River Basin
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Table 3.1 List of subbasins of upper Mun River Basin and their properties

Sub-basin no. Sub-basin name Area(km?)  Stream Length (m)
1 Upper part of Lam nam mun 2,811 224
2 Lam sae 1,197
3 Lam phra phlong 2,277
4 Lam takhong 3,315 220
5 Lam chiang krai 2,617 178
6 Lam Chak karat 1,642
Total 13,859 -

Table 3.2 Data types agencies and available records for upper Mun River Basin

Data type Agency

Period of time

Digital Elevation
Land Development Department (LDD)

Model

Land use Land Development Department (LDD)
Stream network Land Development Department (LDD)
Rainfall Thai Meteorology Department (TMD)
Wesather Thai Meteorology Department (TMD)
Runoff Royal Irrigation Department (RID)
Sail Land Development Department (LDD)

Department of Groundwater Resources

(DGR)

2004

2008

2008

1990-2013

1990-2013

1990-2013

2008
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Land use and Land cover

Land use and Land cover data are required for rainfall-runoff processes
and flood assessment because they indicate the activities on land with different level
of flood risk. The digital land use data on scale of 1:50,000 and 1:4000 were obtained

from Land Development Department (LDD) in 2008. Five land use types are used in

this study (Table 3.3).

Table 3.3 List of land use type and its area for Lam Takong River Basin

Land usetypes Area (km?) % of total area
Agricultureland (A) 2,022 61
Forest land (F) 675 20
Urban and built-up land (U) 400 12
Miscellaneous land (M) 158 5
Water Body (W) 60 2
Total 3,315 100
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3.1.2 Hydrological and Geological data

To obtain accurate a real rainfall for the whole basin, rainfall
datafrom a number of rain gauges are required to capture the variability of rainfal in
the watershed. In this study in Lam Takong River Basin, rainfall data were collected
from 8 stations (Figure 3.6) located within and around the watershed by Thai
Meteorology Department (TMD). The runoff data are obtained from Royal Irrigation
Department (RID). These data were used for calibrate and validate model parameter. For
soil data, there are two main properties to be considered: effective depth of soil layer and
soil texture (in term of the soil porosity). Soil data was obtained at the scale of
1:25,000 from LDD. These data were mapped based on original data extracted from 360
boring log of ground water wells (surveyed the Department of Groundwater Resources
(DGR) within the Lam Takong area. The effective soil depth for each well is defined as
distance from ground to the bedrock level of the well. The porosity will be calculated
from the average porosity value of relevant soil textures found at each. Knowledge of
effective soil depth and soil porosity data can be used to calculate soil water storage for

water balance mode.

3.1.3 Surveying and collecting data
Surveying data consist of channel cross section, channel
profile, inundation area and floodplain characteristics. Collecting data consist of a
simple and accurate method of collating and displaying the relevant extent and level
information. After the data has been collected. It was used to produce a map of the
flooded area, with peak flood levels at particular locations, if available. A brief
accompanying report can detail additional information such as flood mechanism, time

and duration of flooding, emergency response and estimated damage. Data and
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information on historic flood events is essentia to identify where flood risk
management measures are required and to efficiently design the most effective system
for mitigating the risk. This data is also of benefit to local authorities and other state
agencies in functions such as land-use planning, developing the emergency response

to future flood events, and assisting in the development of flood map model.

3.2 Construct theflood hazard map model

This part contributes to generating of flood maps for study area during
October’s flood 2010 based on the simulated flood hazard map. A flood hazard map is
simulated by flood map model (Hec-RAS V.5) which is developed from geometric
data with ArcGIS/Erdas software packet. The simulated flood hazard map are
compared with the observed flood hazard map (of the same event) calibrated with
surveying data and collecting data. The result to be re-developed until outcome is
significant and acceptable. If the result of flood extent map is acceptable, the product
can use for generate flood map process. Flood map is assumed as the flood scenarios
(Rain freguency, Land use change and Climate change) and flood management

(Diversion channel and Retention basin) for generating the flood map.
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3.3 Development of the flood risk model

The purpose of flood risk such assessment is to identify the areas within a
development plan that are at risk of flooding base on factors that are relevant to flood
risks. Flood risk model was developed by flood map from previous step using GIS
raster index model. An index model calculates the index value for each unit area and
produces a classified map based on the index values. An index model is similar to a
binary model in that both involve multi-criteria evaluation and both depend on map
overlay operations in data processing. The concept of risk has variable meaning
according to the context in which it is employed and, for that reason, the adopted
interpretation must be elucidated prior to any analysis. In engineering, risk is divided
in two basic components. one related to the probability of occurrence of a hazardous
event and another regarding its consequences. Concerning flood risk, in particular,
this is the definition mostly accepted being. Multi-criteria anaysis enables a
combined assessment, in which aspects of different natures and its relative importance
are taken into account without the need of monetary valuation, this approach is
recommended for the analysis of flood risk. Indices are an example of multi-criteria
analyses and are especially useful and well suited to aid the resolution of decision
problems. It is a way to combine information associated to indicators of distinct
natures and significances, translating them into a single value. This effect, which must
be representative of a real situation, means to reproduce the joint effect of the set of

indicators. The properties that characterize an index include:
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Range - defined by its maximum and minimum extremes, which comprise al the

values the index can assume.

Formulation - the mathematical expression that represents the relationship between

the set of indicators, which compose the index.

Constitution - the set of indicators that compose the index.

Domain - the space sphere (local, regional, global, etc.) where the index is

applicable.

The proposed Flood Risk Index (FRI) will be developed according to these

concepts and its properties.



CHAPTER IV
THE DEVELOPMENT OF A SIMPLE DISTRIBUTED
HYDROLOGICAL MODEL BASED ON UP-SCALING

FROM PIXEL TO CATCHMENT SCALE

41 Summary

Spatial units used in the modeling are rectangular grids with 30m-resolution
grouped into hillslope and channel pixels. For each hillslope pixel, a simple two-layer
soil model is used to simulate the dynamics of soil-water between unsaturated and
saturated zones. Soil column of each pixel receives water in form of infiltration into
unsaturated zone from precipitation, lateral overland and subsurface discharge from
neighboring upstream pixels. It loss water through evapotranspiration and lateral
overland and subsurface discharge to downstream pixel. Water column moves out of
the grid in only one direction, depending to the steepest slope. Runoff generation is
estimated at every pixel including Horton Overland Flow (HOF), Dunne overland
flow (DOF), Subsurface Storm Flow (SSF) and infiltration excess runoff given by the
Green-Ampt method. The upstream-downstream aggregated interaction of
hydrological processes through the catchment scale forming of DOF, SSF and partial
saturation area which occurs in the river network. Advantage of this approach is
simple, tractable and computationaly efficiency that we can carry out for multiple

redlization of climate- soil- topography combination. This model will be used to
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simulate the effects of different combination of climate, soil, and topography on the

runoff generation processes through hypothetical catchment and climate combination.

4.2 Introduction

Infiltration excess runoff (or Hortonian Overland Flow, HOF), saturation
excess runoff (or Dunne Overland Flow, DOF) and Subsurface Storm Flow (SSF) are
the three main and well-known runoff generation processes occurring in headwater
catchments (Horton, 1933; Dunne, 1978). Dunne (1978) explained that the relative
dominance of given runoff generation mechanisms is controlled by the combination
of climate, soil, vegetation and topography. However, this holistic conceptual
illustration of climate and landscape controls on runoff generation processes is still
explained in a qualitative way. A quasi-distributed model based on TOPMODEL
concepts (Beven and Kirkby, 1979) is used to investigate the relative dominance of
Hortonian and Dunne overland flow mechanisms (Sivapalan et al., 1987; Larsen et d.,
1994; Robison and Sivapalan, 1995). Their work was limited to two mechanisms and
operated at event scales, and could not include the effect of antecedent condition and
the effect of all conditions of catchments (e.g. steep topography or complex
subsurface as assumed in TOPMODEL). Severa studies applied semi or fully
distributed catchment mode! in actual catchments that includes all three mechanisms
of runoff generation. Mirus and Loague (2013) used a physics-based coupled surface
and subsurface model, InHM, to investigate climatic and landscape controls on runoff
generation. Carrillo et a. (2011) aso used a physics-based model, hsB, to perform
regressions of calibrated parameters associated with vegetation cover, demonstrating

the role of vegetation in the co-evolution of catchment properties with climate. Torch
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et al. (2013) extended this model to show the response and adaptation of vegetation to
climate difference reflected in the long-term water balance exhibited by catchment in
respected to Budyko curve. Li et a. (2014) developed a simple distributed hydrologic
model to simulate the effects of different combinations of climate, soil, and
topography on the runoff generation processes. Limitation of available observed data
from highly instrumented catchments and most parameters are obtained by
calibration. This prevented the ability of these models to apply to a large population
of sites and catchments to obtain general knowledge on what are underlying physical
controls on the runoff generation processes. Inspired by the work of (Li et al., 2014),
the aim of this study is to further develop the simple distributed modd that could
investigate the combined effect of climate, soil, vegetation and topography on the

runoff generation processes at the catchment scale in a quantitative way.
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4.3 Methodology

A schematic illustration of the model is shown in Figure 4.1. Brief description

of the procedure for runoff generation simulation are as follows:

Hortonian
overland flow

Precipitation

Streamflow
Water table

Evaporation from
saturated areas

Dunne Infiltration

overland flow

Evapotranspiration
from unsaturated areas

™~ Subsurface
recharge

Streamflow

Subsurface Saturated area

storm flow ~

Figure 4.1 Conceptual description of the hydrological processes

in hillslope pixels (Li et a., 2014)

(1) The spatial units are DEM pixels grouped into hillslope pixels and channel pixels.
Soil depth and soil hydraulic properties (hydraulic conductivity, porosity etc.) are
assigned to each pixel.

(2) For every pixel and every time step, HOF is estimated based on local infiltration
capacity given by Green-Ampt method (1911). Later on soil moisture content is

changed and the other two runoff generation mechanisms are possible: DOF and SSF.
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(3) A ssimple two-layer soil model is used to simulate soil-water processes both in
unsaturated and saturated layers.

(4) Overland flow is routed to downstream pixels at open channel velocity estimated
by Manning’s equation and subsurface is routed downstream at a subsurface velocity
given by Darcy’s law. Apart from river network geometry and soil depth,
heterogeneity of other parameters is ignored such as soil properties, vegetation
pattern, preferential pathways on the surface and in the subsurface. The details of the
model and description of procedure and underlying equation and concepts are

provided as following.

4.3.1 Soil-water moisture and water balance

To represent the dynamics of soil-water moisture in the pixel, a water
balance equation can be applied at the pixel scale. In this study, the soil-water
moisture in the soil column is divided into a ponding, unsaturated and saturated zone.
Saturated soil-water moisture in the saturated zone is below the water table in the soil
column. There are exchanges between the saturated zone and above unsaturated zone
through capillary action and allow the retention of water in the unsaturated zone.
Given the depth of unsaturated zone, the steady-state soil moisture profile in the

unsaturated zone can be estimated by,

q(Z):f(D‘;_Z +1J_ (4.1)

a

Where q(z)is soil moisture in the soil column with a depth Z from the ground

surface, y , is bubbling pressure head, and | is the pore-size distribution index
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(Brooks and Corey, 1966). The average soil moisture in the unsaturated zone can be

estimated by integrating Equation (4.1),

1-1
q‘zlil 3[’)6‘ [[5 +1J 1} (4.2)

Thetotal soil water storage is given by,

Sotal = Dusa + Dsf (43)

Where D is variabledepth of the unsaturated zone, D, is variable depth of the
saturated zone and summation of D, and D, is the local soil depth (D),q is the

average soil moisture in unsaturated zone, and f is the effective porosity of the soil.

ds, .
S —| — — gt —e 4.4
dt I Qf qse qss ( )
Dus = (D > Ds) /CT (45)

Where S, is soil-water moisturein saturated zone (=D_/f ), i is precipitation rate,
g, isinfiltration excess runoff, q, is saturation excess runoff, g is subsurface storm

flow and e is evapotranspiration rate. Equation (4.2) (4.4) (4.5) are solved for a new
set of S, D, D, q , which satisfy the water balance condition. The new set of these

parameters will be used for the next time step to estimate infiltration, evaporation and

runoff generation.



74

4.3.2 Evapotranspiration
During inter-storm period, evapotranspiration is assumed to occur in
three types with sequential order from surface unsaturated and saturated zone of the

soil. Evaporation from water on the soil surface (if exists) is given by,

e, if d, >eAt
e = _ (4.6)
d,/At if d, <e,At

Where d,, isthe local depth of surface water and e, is the potential evaporation rate.

If soil moisture is available for evaporation in the unsaturated zone of the soil column,
evapotranspiration is given by,

a ; -
o - (ep—es)Frf— if DO z(ep—ess)At 4.7)

S D,.q /At if D < (e, - e At

Where F. isthe fraction of roots zone in the soil column, assumed to be unity. If soil

moisture is still available for evapotranspiration in deeper saturated zone of the soil

column. This evapotranspiration is given by,

(S)

'sat

:{O if D.q > (e, —eSS)At} 48)

(ep —e )-Dg /At if D < (ep —e At

Potential evaporation demand is fully satisfied when the water table is close to the
ground surface or soil surface is saturated during ponding period. Total

evapotranspiration from all three zones will not exceed the potential evaporation rate.
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Figure 4.2 Schematic diagram of the pixel-based model structure

of single soil column

4.3.3. Runoff generation process

Horton Overland Flow (HOF), saturation excess or Dunne Overland Flow
(DOF), Subsurface Storm Flow (SSF) are three mechanisms of runoff generation
processes. HOF occurs in a pixel when rainfall intensity exceeds the infiltration
capacity. The dynamics of soil moisture in the unsaturated zone influence infiltration
rate are estimated by using the Green-Ampt equation. DOF occurs in any pixel when
the soil column is completely saturated from bottom, and forming the variable
contributing area from a number of saturated pixels. Subsurface storm flow is
generated from saturated zone of the pixels governed by saturated soil depth and

downstream hydraulic gradient. At the same time, if the soil column receives water
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more than lost it, saturated zone in the soil column may increase through the ground
surface to generate DOF. In this situation, DOF and SSF are co-exist processes

(Figure 4.2).

4.3.4. Routing processes at the pixel scale

The soil column of each pixel receives external water including lateral
overland flow and subsurface discharge from neighboring upstream pixels. Routing
of both surface and subsurface runoff is carried out based on two assumptions (1)
outflow from each pixel will not be affected by inflow water over a short time step,
(2) there is only one direction for outflow from each pixel, corresponding to the
steepest slope with constant velocity (u), whereas there are 7 possible directions for
inflow from its neighboring upstream pixels. Figure 4.3 presents outflow of pixel A,
B, Ginto pixel E and only one outflow of pixel E into pixel I.

Over a short time interva (At), the volume of outflow from the grid is
u-At-Ax-h equal the change of storage volume in the grid, Ah-Ax-Ax, where Ax
is grid size in square shape, h is the water depth in the grid, Ah is the change of
water depth. Integrating over At, the volume of outflow of agrid to downstream grid

is,

AV = h(l— exp(— u -ﬂnsz (4.9)
AX

This routing scheme is applied to both ground surface and saturated zone. Overland

flow velocity are estimated based on Manning ‘s equation as follows:
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u, = % S°hf* (4.10)

Where u,is loca velocity of overland flow, n is Manning ‘s coefficient, S;is the
local surface slope and h, is the surface water depth. Manning n for hill-slope pixels

is0.1 for grass/pasture range and is 0.06 for channel pixels.

Surface velocity is given by Darcy ‘s velocity as follows:
ug =k.S (4.11)

Where S, islocal bedrock slope, k,is saturated hydraulic conductivity. We assume

that subsurface water flows across pixels in only the saturated zone with water table

slope parallel to the bedrock slope.
O = U A=Kk Ss.(t)dx/ dx (4.12)

Where q. is subsurface flow with the unit in L/T, s (t)is soil-water moisture in

saturated zone and dx is pixel sizein m.

Finally, runoff from HOF, DOF and SSF reach the stream network and then is
routed downstream through the channel pixels forming river network. The river
network is assumed to be rectangular, width of the channel is estimated based on the

hydraulic geometry relationship (Menabde and Sivapalan, 2001):
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W = aA® (4.13)

Where A is the upstream catchment area corresponding to each river pixel at the
catchment outlet, b is a constant parameter, which is 0.45, and a is a coefficient

which can be adjusted to provide appropriate channel widths.
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Figure 4.3 Multi inflow directions upstream of pixel E and only one outflow direction

from pixel E depending on its elevation (100)

4.3.5. Topography
The topographic structure of a catchment is an important control on the
dominance of runoff generation mechanisms. Overall steepness of the hillslope is
chosen for this study which is the most dominant control compare to the other
distribution of hillslope including convergence/divergence and convexity/concavity.

A single redlistic catchment is used to create new virtual catchment based on the 30 x
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30 m DEM for a small catchment (4,019 pixels, 3.62 km?) located in Lam Ta Klong
River Basin, Nakhon Ratchasima province, Thalland. Three types of Slope
distribution (flat, medium, steep) are generated by multiplying the original pixel slope
by afactor.
4.3.6 Soil properties

Required soil properties for the model including saturated hydraulic
conductivity, soil depth, effective porosity, wetting front soil suction head, bubbling
pressure and pore-size distribution index. These properties vary in space and in
multiple scales, and its variability can control the response. Only the first-order
control of soil texture is chosen to investigate and leave the other effects to be
considered in future research. Soil hydraulic properties are varied according to three

texture classes: sand, silt loam and clay loam. Variation of soil depth (Z,) is assumed
to be alinear function of the topographic wetnessindex (In(a/tanb)) (Stieglitz et d.,

2003).

Z,=Z-@/f)in(a/tanb), —1 | (4.14)

Where ais area drained per unit contour length, b is local slope angle, Z is mean
water table depth (WTD), | is mean watershed value of In(a/tanb ), and f is rate of
decline of saturated hydraulic conductivity with depth in the soil column. The slope
parameter of this function is adjusted to keep the main soil depth over entire
catchment under three representative cases of soil depth: shallow, medium and deep

with 1.0, 2.5 and 4.0 meters, respectively.
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44 RESULTSAND DISCUSSION

Figure 4.4 presents simulated results from an infiltration model based on
Green-Ampt equation to estimate excess rainfall hyetograph or HOF if the total

rainfall of 11.37 cm. falls on a sandy loam soil (K =1.09 cm/h, y =11.01 cm and q,

=0.412) of initial effective saturation 40%.
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Figure 4.4 Estimation of Hortonian overland flow based on Green-Ampt equation
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Model results of water balance in a soil column of pixel show in Figure 4.5.
Testing soil is sand with effective porosity = 0.417, bubbling pressure = 0.0726 m,
pore-size distribution index = 0.694, hydraulic conductivity = 10°® m/s, soil depth = 1
m and surface slope = 0.10. Climate regime is generated with annual rainfall = 1,000
mm, annual potential evaporation = 500 mm, number of storm = 90 events/year,
average rainfal intensity is 0.673 mm/hr. Simulated results in Figure 4.5 shows only
4 input storm events in steady state condition when initial and final saturation soil-
water storages are equal. Figure 4.5(b) presents accumulated input and output from
soil column of the pixel. Model results in Figure 4.5(b) indicated that HOF hardly
coexist with DOF and SSF, very little HOF is generated under condition that supports

DOF and SSF.
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Figure 4.5 Water balance of input and output water from a pixel

Figure 4.6(a) shows topographic map of origina DEM from Lam Ta Klong River
Basin, the range of soil surface elevation is between 370 to 842 m. If combined
overland flow from each pixel is 10 mm/h with duration 10 h, average soil depth = 2.5
m, K =10*m/s, At=10min,Z=2m, f =1and | =5.38 (for Equation 10). Hillslope
and channel routing are carried out with the sequence of its elevation from upstream

to downstream, providing downstream discharge at each pixel. For channel geometry,
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parameters in Equation (13)a =25 and b=0.45. Figure 4.6 (b) presents discharge
hydrograph (in mm) from pixel No.1 the most upstream pixel, pixel No.1652 (344
grids, 0.31 km?), pixel N0.3104 (1814 grids, 1.63 km?), pixel No. 3806 (3590 grids,
3.23 km? and the outlet of the basin, pixel No.4019 (4018 grids, 3.62 km?).

Attenuation of downstream hydrographs show realistic manner.

45 CONCLUSIONS

A simple distributed hydraulic model is developed at the pixel/soil column
scale and upscale to implement at the catchment scale. Applied water balance
concept within the pixel and downstream interactions between each pixel alow the
runoff generation by three mechanisms: HOF, DOF and SSF. Based on an actual
building block of selected DEM, the model can be parameterized for a large set of
hypothetical catchments and input climate events. Simulation results are received
when all processes are driven to reach a periodic steady state by a sequence of
identical climate events. In the next step, this model will be used to investigate the
climate, soil and topographic controls on annual water balance in a qualitative way to

define dimensionless functional relationships.
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CHAPTER V
FLOOD HAZARD MAPPING USING ON-SITE
SURVEYED FLOOD MAP, HECRASV.5 AND
GISTOOL: A CASE STUDY OF
NAKHON RATCHASIMA MUNICIPALITY,

THAILAND

51 Summary

For a small flood affected area, satellite data normally provides physical
properties of flood event with low accuracy information (location and boundary).
Flood depth and flood duration cannot be identified from a snapshot of satellite
image. Therefore, on-site surveying of historical flood properties and its impact are
still essential and this observed flood map is redlistic and reliable information for
future flood management. The objective of this study is to constructing flood hazard
map from available observed flood map of the small flood affected area and use HEC-
RAS V.5 and GIS tool to formulate flood hazard map for future scenarios. This
method was applied for the municipality of Nakhon Ratchasima, Thailand. For a
simulation, input physical parameters were generated by Hec-GeoRAS in ArcGIS
based on DEM (5%x5 m?). A range of calibrated Manning’s n in a main channel was

obtained from fitting exercise with observed Rating curve. Land-use map was used to
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estimate the Manning’s n in floodplain depending upon the type of land cover.
Simulated results were exported to ArcGIS to delineate water surface on floodplain.
Then, the maximum discharge value at the observed station (M.164) for return periods
of 5, 10, 15, 25, 50, and 100 years were used as upstream input flood to simulate the
flood map. It is found that, for the 2010 flooding event in the concerning area, the
simulated flood hazard map subjected to the discharge of 50 years (=217 m?s) return

period which is amost identical with the observed flood map from the surveying.

5.2 Introduction

Floods can be considered as the most important natural disaster with higher
frequency of occurrence higher than any other natura disaster and affecting more
people than the other natural hazards together (ARDC, 2009). Floods are related to
socia—civil conflicts (Ghimire et al., 2015) environmental problems (Jiaand Wenjiao,
2015) and economic losses (Aerts and Botzen, 2011). Floodplains can be defined as
the areas that are periodically inundated by the overflow of river (Maskong and
Jothityangkoon, 2013). In 2010, Nakhon Ratchasima province received excessive
rainfall in successive day during 14 — 16 October 2010. A maority of the floodplain
areain Nakhon Ratchasima province suffered from this serious flooding event. Heavy
rains caused a large amount of runoff flow into both upstream and downstream of all
reservoirs in Nakhon Ratchasima province including Lam Takong and Lam Prapleng
Dams. With ongoing water flowing into these reservoirs until excess its capacity, the
water level was higher than the level of emergency service spillway which in turn
causes severe uncontrolled flood flow into many municipalities downstream.

Moreover, most of water flow rapidly over lands into the canal and combined with the
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overflow water from many dams. The combination of these events caused widespread
flooding on the floodplain in lower basin, including Muang Nakhon Ratchasima
district, Pukthongchai district and Chaloemphrakiat district, etc. Flood water from
tributary of Mun River was drained slowly into Mun River because the water level in
Mun River was higher than the water level in tributary canals and there are a lot of
obstructions in the canal which resulted in reducing flow speed (Kongjun and
Noypairoj, 2011; Ponsan and Panchana, 2011; Reports of Members on the Impact of

Tropica Cyclones, 2011).

The river flood modelling is atool for evaluation and prediction of river flood
risk in different scenarios. River flood risk modelling comprise of hydrological
modelling, hydraulic modelling, river flood visualization and river flood mapping
(Alaghmand, 2009). A flood hazard map is a graphical representation of flood
inundation (inundation depths, extent, flow velocity etc.) expected for an event of
given probability or severa probabilities (APFM, 2013). The flood hazard map will
help responsible authorities to target on the area with higher hazard where flood
mitigation plans have to be effectively implemented. The flood hazard map will give
public tangible imagery of its impact on their community. Flood hazard maps will not
prevent floods from occurring, but they are an essential tool for warning and
mitigation the damage of property and loss of life caused by floods, and for
communicating flood risk. Nowadays, hydraulic simulation tools are available to
model channel discharge and flooding in floodplains with 1D and 2D approaches. The
Hydrologic Engineering Center River Anaysis System (HEC-RAYS) is free software
with a friendly graphical user interface that was successfully used for flood studies

(US Army Corps of Engineers, 2014; Knell et al., 2005; Lian et a., 2013;
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Mohammadi et a., 2014), commercial software packages are widely used and
distributed such as FLO-2D to simulate floods and flows (FLO-2D software, 2016)
and the MIKE packets modelling tools (DHI Group, 2016). One of the most popular
hydraulic models is HEC-RAS which announced and released its new HEC-RAS
version 5 with 2D capabilitie is a great innovation for flood studies (Brunner, 2014).
The Flood map event was simulated by the 2D of the HEC-RAS 5 beta that shows
good performance when compare with flood extent regidtered by satellite images
(Moya et a., 2016). Furthermore, HEC-RAS has more accurate results of river flood
map (flood extent and water depth) in comparison with MIKE11 in urban area. In
recent years GIS integrated modelling application have been made to integrate
hydraulic models and GI S to facilitate the manipulation of the model output which led
to the establishment of a new branch of hydraulics and hydrology. There are strong
grounds for believing that GIS has an important function because natural hazards are
multi-dimensional phenomena which have a spatial component [Alaghmand et al.,
2013; Congressional Budget Office, 2009; Nakhon Ratchasima City Munucipality,
2016). The flood hazard map can be generated from a variety of tools, for example,
(1) using vertical aerial photographs due to lacking of detailed topographic maps
(Furdada et a., 2008), (2) using a remote sensing and GIS based flood index
(Kabenge et a., 2017), using flood mark data (including flood depth and flood

duration) and analytic hierarchy process (Luu et al., 2018).
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The available flood map in Thailand from Geo-Informatics and Space
Technology Development Agency (GISTDA) can present spatial data of inundation
area and expansion of flood boundary. However, it cannot exhibit high resolution of
flood depth and flood duration (Maskong and Jothityangkoon, 2013). In order to
protect or at least mitigate the effect of flooding problems, physical characteristic of
inundation area combining with consequent impact has to be defined in the form of
flood hazard map. Therefore, this study aims to simulate flood hazard map from the
2010 flood event in Nakhon Ratchasima Municipality using the 2D capabilities of
HEC-RAS V.5 application. The model provides the simulation of the flood extent and

flood depth.

5.3 Study area and dataset

Nakhon Ratchasima Municipality is an urban center of Nakhon Ratchasima
Province, Thailand where is located at the downstream of the Lam Ta Kong River,
which isatributary of Mun River Basin. The length of main stream of river is 17 km,
and study area is 37.5 km? shown in Figure 5.1. The observed daily discharge data of
the Lam TaKong River at station M.164 is provided by Royal Irrigation Department
of Thailand. Mean annual rainfall is 1,373 mm and contributes to 510 x 10° m® of the
total average annual runoff. Figure 5.2 shows that magority of the areas are urban and
built-up land-uses, where the population is approximately 136,153 people (Nakhon
Ratchasima City Munucipality, 2016). The geographic data based on the digita
elevation model (DEM) from the Land Development Department of Thailand has a
grid cell size of 5 x 5 m? demonstrating elevation between 172.6-204.6 m.MSL,

shown in Figure 5.3.
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54 Methodology
The methodology for mapping a flood hazard map (shown in Figure 5.4) can
be divided into two parts. review of flood and modeling approach for numerical

simulation. Important step of these parts has been described below.

Review of flood experierces
I
v v
Selection of modeling approach
for flood simulation

Observed data

I
v v h 4

Created Geometrics data Rating Curve Historical
(HEC-GeoRAS) 9 flood

A

Simulated flood inundation map
(HEC-RAS)

A i

J/Calibration T«
No \\\

L=
b

\ 4

Maximum
Discharge

\ 4

A

Generated flood map

\ 4

Flood Hazard M ap

Figure 5.4 Flowchart of the study step, which is a conceptual framework

of this study
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55 Review of flood experiences

The lower northeastern part of Thailand was under low pressure groove during
1-19 October 2010. There was continuous heavy rain, especialy in the Khao Yal
National Park and covered very large surrounding areas. The accumulated ared
rainfall was about 450 mm, which was about 40 % of the annual amount. The
maximum 3-day rainfall (14-16 October 2010) in the upstream of Lam Ta Khong
Dam was 180.3 mm, while in the downstream was 211.6 mm. The storage of Lam Ta
Khong Dam and volume in all reservoirs rose very quickly and its downstream was
extensively flooded. The dam operator failed to keep flood water in the reservoir.
Since 17 October 2010, excess volume of flood began to overflow the service
spillway at +277.30 m.MSL (Kongjun and Noypairoj, 2011; Ponsan and Panchana,
2011; Reports of Members on the Impact of Tropical Cyclones, 2011). Previous
study (Maskong and Jothityangkoon, 2013) analyzed water balance of runoff found
that accumulated depth of rainfall and volume of surface water in the year 2010 is
higher than the other years. The severe scaling of flooding problem can be captured in
the form of inundation map. Although, the boundary and location of 2010 flood
inundation area is provided by GISTDA, its accuracy is low for small urban area.
Figure 5 shown the surveyed point of flooding and the flood map obtained from field
surveyed data represents is an inundation area and flood depth of Nakhon Ratchasima
Municipality on 2010 flood event. This map can be developed further to include
gpatia variability of the depth and area and can be used to evaluate the hazard area

and mitigation measures.
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Figure 5.5 The 2010 surveyed point of flooding of Nakhon Ratchasima Municipality

(modified from Maskong and Jothityangkoon, 2013)

5.6 Modeling approach for numerical simulation

A number of hydraulic simulation tools are available to model channel
discharge and flooding in a flood plain with 1D and 2D approaches. One of the tools
is provided by the Hydrology Engineering Center River Analysis System (HEC-RAS)
which is available in public domain. Hence, a new HEC-RAS V.5 model developed
by the United States Army Corps of Engineers (USACE) is used in this study to
simulate the flood event in Nakhon Ratchasima Municipality. The new HEC-RAS
V.5 can solve either the full 2D Saint Venant equations or the 2D diffusive wave

equations.
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Where h is the water depth (m), p and g are the specific flow in the x and y
directions (m/s), ¢ is the surface elevation (m), g is the acceleration due to gravity
(m/s?), nis the Manning resistance, p is the water density (kg/m°), TxTyy and Ty, are the
components of the effective shear stressand f is the Coriolis (s*). When the diffusive
wave is selected the inertial terms of the momentum equations Eq. (5.2) and (5.3) are
negl ected.

In HEC-RAS, the geometric data were imported which were exported from
ArcGIS by HEC-GeoRAS tool. HEC-RAS V.5 can be used either as afully 2D model
or as a hybrid 1D, 2D model when the main rivers are modelled as 1D and the
floodplains are modelled as 2D. Although a hybrid 1D, 2D model tends to be faster
than a 2D model, such 1D, 2D model requires the user to define the connections
between the 1D and the 2D models. Such connections require a prior definition of the

overflow locations (Brunner, 2014).
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The Extreme Value Type | distribution or Gumbel distribution is used to fit
the observed or smulated annual maximum runoff by using below frequency factors

(Chow et al., 1988).

K; :—£{0.5772+In{ln( T ﬂ} (5.9
T T-1
X =X+K;S (5.5)

Where K isfrequency factor, T isreturn period, X, is magnitude of annual
maximum at the given return period, X is mean of annua maximum runoff and s
the standard deviation of annual maximum runoff. For a given specific return period,

the annual maximum flood can be estimated from these equations.

5.7 Resultsand discussion

5.7.1 Observed annual maximum discharge
The observed annual maximum discharge at gauge station (M.164)
was anayzed by Gumbel distributions shown in Table 5.1. The daily discharge
recorded is 123.9 m*/s on 18" October 2010 as around 8 years return period. The
previous study (Maskong and Jothityangkoon, 2013) found that the recorded

discharge were possibly underestimated values. However, it would be a condition data

of the flood simulation.
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Table 5.1 Observed annua maximum discharges for different return periods at M.164

T(year) 2 5 10 15 20 25 50 100

Q(m’s) 52 105 140 159 173 184 217 249

5.7.2 Roughness coefficients (Manning’s n)

The geometric data including stream line, bank stations, cross section
and flow path line were digitized and generated from DEM by Hec-GeoRAS tool in
ArcGIS application. The ratting curve at M.164 on 2010 and 2013 from the Royal
Irrigation Department data were used to calibrate and validate the geometric data
along the river by varying the Manning’s n values. As a result, Figure 5.6 clearly
shows that the n values between 0.020-0.035 (vary with elevation of main channel)
and it provides the simulated rating curve with good agreement to the observed rating
curve as shown in table 5.2. Therefore, these ranged of n values were used as the
suitable physical data of the further simulation. In addition, the n values for the
floodplain consisting of different land-use type were selected based on the observed

and recommended data as summarized in Table 5.3 (Brunner, 2014).
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Figure 5.6 Comparison of Ratting curve between calculated and simulated

Table 5.2 Comparison between calculated and simulated Ratting curve

Vary
Manning’sn 0.020 0.025 0.030 0.035 0.040 0.045
(0.020-0.035)

RM SE 0143 0.127 0.136 0.159 0.189 0.219 0.100
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Table 5.3 The value of the manning roughness (n)

Land use Value

Main channel of river 0.020-0.035

Land use on floodplain

Agriculture land (A) 0.045
Forest land (F) 0.06
Urban and built-up land (U) 0.055
Miscellaneous land (M) 0.05
Water Body (W) 0.04

5.7.3Flood hazard map

Figures 5.7 (a)-(f) illustrate flood hazard map subjected to various
maximum discharges with different return periods (T=5, 10, 15, 25, 50 and 100 years)
as mentioned in previous section. Flood extent for all return periods are shown as a
similar pattern. The floods inundation areas are located at northern part of the river
when the discharge is higher than the maximum capacity of the river (40 m*s) and
extend with increasing discharges. Figure 5.8 represent a comparison of flood depth
between 2010 surveyed depth of flooding and simulated flood depth at annual
maximum discharges for each different return period. The results also show that the
simulated flood inundation areas of flood hazard map subjected to the 50 years return

period (Figure 5.7 (€)) is aimost identical with onsite saurveying flood map.
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Figure 5.7 Simulated flood hazard area at the return periods (a) T=>5 years, (b) T=10 years,

(c) T=15years, (d) T=25 years, (€) T=50 years and (f) T=100 years
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Figure5.7 (Cont.) Simulated flood hazard area at the return periods (a) T=5 years, (b) T=10 years,

(c) T=15years, (d) T=25 years, (e) T=50 years and (f) T=100 years
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Figure5.7 (Cont.) Simulated flood hazard area at the return periods (a) T=5 years, (b) T=10 years,

(c) T=15years, (d) T=25 years, (e) T=50 years and (f) T=100 years
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Figure 5.8 Comparison of flood depth between surveyed flood and simulated flood
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Figure 5.9 Adjusted hydrograph in 2010 flood event at M.164
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5.8 Correction of flood hydrograph

During 2010 flood event, we suspected that there was an error of recorded
hydrograph at station M.164. Peak discharge of observed hydrograph of M.191
upstream of M.164 was 410 m®/s, whereas peak discharge of M.164 downstream was
too low only 123 m*s (Figure 5.1 and 5.9) (Maskong and Jothityangkoon, 2013).
After successful mapping of the flood hazard map and found that the frequency of
2010 flood event was about 50 year return period. Based on this approach and
simulation, a new hydrograph was generated and compared to recorded hydrograph.
These results confirmed that the recorded hydrograph at M.164 was underestimated
values. To correct this flood hydrograph, the new hydrograph represented by a dash
line in Figure 5.9 was simulated to adjust the peak of observed hydrograph from 123

to 217 m/s.

59 Conclusion

To construct flood hazard map for a small flood affected area such as the
Nakhon Ratchasima Municipality, studying step starts from (1) on-site surveying on
2010 flood event to construct observed flood map (2) applied HEC-RAS V.5 and GIS
tool to receive high resolution geometric data (DEM 5 x 5m?) from HEC-GeoRAS in
ArcGIS application and calibrated value of Manning’s n for simulating 2D flood
inundation extent and flood depth. Simulated flood hazard map based on input
maximum discharge at different return periods confirmed that the simulated flood
hazard area at 50 years return period is aimost identical to 2010 observed flood event.
One more application of the constructed flood hazard map is to correct the relative

magnitude of peak discharges between upstream and downstream hydrographs to
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realistic manner. Maximum discharges for different return periods from HEC-RAS
V.5 were simulated based on the assumption of steady flow condition, therefore
flooding duration of inundation for each grid cells were unable to estimate. From
physical properties of flood characteristics presented by the flood hazard map will be
developed further to construct a flood risk map by formulating flood risk index (i.e.
flood properties, socio-economic factor, land-use) and using GIS raster index model.
The flood risk map can be utilized as atool to identify priority of the areafor planning

of flood prevention, flood mitigation and flood risk management.
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CHAPTER VI
THE DEVELOPMENT OF A GISTOOL APPLICATION
FOR FLOOD RISK MAPPING: A CASE STUDY OF

NAKHON RATCHASIMA MUNICIPALITY, THAILAND

6.1 Summary

A flood risk model was modified from Zonensein et al. (2008) and the GIS
application tool was created for flood risk mapping. Land use change was the scenario
of the flood risk model. The flood depth and flood velacity were the product of flood
hazard map that ssimulated as follow in Chapter V. Land use in each of flood
indicators are included to represent the risk rating in spatial system (1-5 score). The
future Land use was predicted by existed map in CA-Makov model and the result
show the change of flood risk area in different Lansuse from past to future. It was
found that the community and business area are increased from 9.05% and 11.59%
year 2012 to 2022, respectively. Total flood risk area of community and business area
are increased by 38.35% and 9.60% from year 2012 to 2022. Therefore, the flood risk
model is a powerful tool for generating the flood risk map that can be utilized as a
tool to identify priority of the area for planning of flood prevention, flood mitigation
and flood risk management and urban planning. Moreover, the GIS flood risk

application tool is user friendly interface.
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6.2 Introduction

Flood risk map is integration of the potential hazards with the vulnerabilities
of existing or potential economic activities when disclosed to the risk range of flood
probabilities. The flood risk map can be defined as the probability of aloss, and this
depends on three elements including hazard, vulnerability, and exposure. The flood
risk map can be developed by applying average damage values per unit area (per land
use type) on the preliminary hazard maps. However, in the detailed mapping stage,

flood risk maps need high accuracy (APFM, 2013).

6.3 Methodology

6.3.1 Input data
The conceptual framework of the study step for flood risk mapping is
shown in Figure 6.1 and its consists of 3 components: (1) Land use change prediction
(2) Flood hazard map simulation and (3) Flood risk mapping.
From the previous study in Chapter V, the suitable Rating curve (Figure 6.2)
and Hydrograph (Figure 6.3) at runoff station M.164 were simulated from the flood

event. They were used to be unsteady flow condition for simulating a flood hazard

map.
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Figure 6.1 Flowchart of the study step for flood risk mapping
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Figure 6.3 Generated runoff hydrograph for T=50 years (2010 flood event)

The land use maps as shown in Figure 6.4 and 6.5 were the classification of
2012 and 2017 Land use type of Nakhon Ratchasima Municipality, respectively. They
were divided into 6 types including Water, Farm, Road, Empty, Community and
Business. To perform Land use map prediction in the near future, the CA-Markov
model was utilized and the obtained results was used as input data to quantify the
consequent flood scenarios for that particular state of future Land use maps. The
model is the result of integration between two individual modules, the Markov chain
model and CA-Markov model that is available in the IDRISI software. The model can
be used to generate such atransition probability matrix in which it takes two Land use
maps as input data and then produces the output as the future Land use map (Eastman,

20033, 2003Db).
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6.3.2 Flood risk model

Flood risk is defined as the product of the probability and the consequences of
flood event. Both components of risk are affected by multiple uncertainties but can
conveniently divide between assessing the uncertainty associated with probabilities of
the hazard and uncertainty associated with the consequences (the vulnerability). Both
can be mapped individualy, as well asthe joint estimate of flood risk. Different types
of vulnerability might require different types of visualizations. The risk of flood is
based on three crucial elements which are related as the formula of flood risk shown

in Equation 6.1 (Mongkonkerd et a.,2013).

Vulnerability x Characteristic
Coping capacity

Flood risk =

(6.1)

The best ways to reduce flood risk are reducing vulnerability and increasing coping
capacity, which is a core common component of flood risk management. Figure 6.6
and 6.7 show the elements of flood risk which depend on vulnerability, flood
characteristic, the ability of local people to cope with flood as follows.

Vulnerability refers to circumstances of a community or asset that make it
susceptible to the damaging effects of a flood. There are many aspects of
vulnerability, arising from various physical, social, economic, and environmental
factors. Examples may include construction of buildings, inadequate protection of

asseats, lack of information and awareness.
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Characteristic refers to natural disaster occurrence, frequency of damage,
duration and maximum water level.

Coping capacity is the ability of people in the community to face and manage
the flood using available skills and resources. The capacity to cope requires
continuing awareness, resources and good management, both in normal times as well

as during crisis or adverse conditions.

Figure 6.6 The components of flood risk (Daungthima and Hokao, 2013)
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Figure 6.7 The reduction of flood risk (Daungthima and Hokao, 2013)

In this methodol ogy, the probability component of flood risk is associated with
the return period of a river flood event. This feature defines a basic information
required to determine specific characteristics of a flood, such as its depth, land use
type area, velocity. For the sake of simplicity and clarity, it was determined that the
Flood Risk Index (FRI) should be a non-dimensiona vaue, which could range
between 1 and 5 the minimum and maximum risk, respectively (Modified from
Zonensein et a.,2008). Moreover, in order to operate the indicators that compose
flood risk rating, which have varied numbers and units, they must be normalized
beforehand, converting them into a common range. According to the formulation
established next, al indicators have to be adjusted to the same range, assuming values

between 0 and 100.
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The weighed product of these sub-indices results in the FRI, as presented in
Equation 6.1. The weighted summation describes the relationship between the factors
that constitute the sub-indices as show in Equation 6.2 (Zonensein et a.,2008),

Faulkner et a.,2011).

FRI = FP% xC% (6.1)

FRI :{anlfp- QFP}x{ilf-pf} (6.2)

i=1

Where:
FRI (Flood Risk Index) is the ranging between lowest risk and highest risk;
FP isthe sub-index of the flood properties;

C isthe sub-index of the flood consequences;

FP
l;

is i™ indicator for sub-index of the flood properties;

C
|‘ th

is j" indicator for sub-index of the flood consequences;

FP

p"™" istheweighting factor associated with i"indicator of sub-index FP,
0<pP<iland > p™=1
i=1
p¢ isthe weighting factor associated with j™ indicator of sub-index C,

0<p<land > p™=1

i=L
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The risk of flood from the both of flood properties and flood consequences
should be defined by each of the types of land use. In order to quantify the risk, the
Equation 6.3 was modified from Zonensein et a. (2008), al indicators have to be

adjusted to the same range, assuming risk values between 1 and 5.

i=1

{ilipp, pipp}{i‘l?' pf}

FRI = (6.3)

5(n+m)

Where: nis total number of indicators that compose sub-index FP and mtotal

number of indicators that compose sub-index C.

The proposed Flood Risk Index (FRI) was developed according to these
concepts and its properties were previously explained. The optimal of the constitutive
indicators was conditioned by the availability of data, its precison and domain.
Another restriction was that the FRI must be constituted by the minimum set of
indicators proficient of sufficiently characterizing a particular scenario of risk. The
indicators that compose the FRI mean to represent the main affects caused by flood.

The classification of indicatorsis presented below in Table 6.1 to 6.3.



Table 6.1 Classification of the flood depth based on risk rating
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Flood depth (m) lo Risk rating
<0.2 1 Very low
04 2 Low
0.7 3 Moderate
15 4 High
>1.5 5 Very high
Sour ce: Adapted from Reiter (2000) and Chen (2007)
Table 6.2 Classification of the flood velocity based on risk rating
Flood velocity (m/s) " Risk rating
<0.25 1 Very low
0.5 2 Low
1.0 8 Moderate
2.0 4 High
>2.0 5 Very high

Sour ce: Adapted from Reiter (2000) and Chen (2007)
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Table 6.3 Classification of the type of Land use that affected by flood

Land usetype 15 Risk rating
Empty 1 Very low
Farm 2 Low
Road 3 Moderate
Community 4 High
Business 5 Very high

6.3.3 Gl Sapplication tool
Flood risk model tool was created by model builder in ArcGIS. Flood
properties from simulated flood hazard map and Land use change are the input data as
a scenario. Flood risk map is generated by the flood risk model (Equation 6.3) from

GIS application tool that shown in Figure 6.8 and Figure 6.9.
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Figure 6.8 The model structure in the flood risk application tool
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Figure 6.9 The flood risk application tool is applied in ArcGIS

6.4 Result and Discussion

The 2022 Land use map as shown in Figure 6.10 was predicted from 2012 and
2017 Land use map by CA-Makov model. Table 6.4 shows the change of covering
area for different land use types in year 2012, 2017 and 2022 It was found that, in
2022 community and business areas are increased 9.05% and 11.59% from year 2012,

respectively.
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Table6.4 Land use change from past 2012 and 2017 to future 2022 with
different type of Land use
L and use 2012 2017 2022
type km? % km? % km? %
Water 132 3.54 1.22 3.27 119 3.16
Empty 6.9 18.46 5.02 13.43 3.79 10.06
Farm 2.02 54 2.02 54 2.02 5.35
Road 1.02 2.72 1.02 2.72 1.02 2.7
Community 13.48 36.1 14.35 38.41 14.7 39.55
Business 12.63 33.78 13.74 36.77 14.15 39.17
Total 37.37 100 37.37 100 37.37 100
z N 2022 Landuse Map of Nakhon Ratchasima Municipality I |
’E- W : E e ; ,.!; _;3
- I" Yy - e \\; - ,I:.I_." s
£ "'31’ Cary- 2 I;gcr:i o Landuse Risk Ratir-lg. z
21 Ll Ao [ @ Bl W | (Water) £
\ .. [ Boundary 2 (Farm) .
‘.\ 2 road © T3 (Road)
14 (Emply)
f%_ i aET i 5 15 (Community) |[ 2
g —— | Kilometers 6 (Bussiness)  |[ v_i

Figure 6.10 The 2022 Land use map of Nakhon Ratchasima Municipality
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The flood hazard maps of years 2012, 2017 and 2022 based on Land use
change were simulated by flood hazard model using an unsteady condition flow and
geometrics data from Chapter V. The indicators of flood properties (The flood depth
and flood velocity) are product of flood hazard map, shown in Figure 6.11 and 6.12.

They are flood properties of year 2022 for Nakhon Ratchasima Municipality.

Iﬂ.?."i‘;'ﬂ'l.' IO.”'E'H"L' IfJE"~ll'ﬂ"I;' ]02"‘]_"“"L'. ‘.03"‘5\'11"L- 1[?2"]’."1]"L‘, ID}’?'O"L;
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H
z ,
I:" =
z ' A e
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] | —— river l—l i (Low) -
Boundary - )
| - B 3 (Medium)

£ I . 4 -
7 L 2 . - ST B 5 (High) =
= ™ ™ | Kilometers | t

Efr]""l'i.‘"l- IfIJ’.3'IJ"I- IfIJ"::"Z?"I- IIIZ*;'[’"I- IUI’;"[P"F IUZ"I"-'[)"I- IDZ’;WP"F .

Figure 6.11 The 2022 classification of simulated flood depth at the return periods

50 years based on risk rating scale for Nakhon Ratchasima Municipality
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Figure 6.12 The 2022 classification of simulated flood velocity at the return periods

50 years based on risk rating scale for Nakhon Ratchasima Municipality

The Flood Risk map as shown in Figures 6.13, 6.14, and 6.15 were ssmulated
from 2012, 2017 and 2022 flood indicators data by Flood risk model. Tables 6.5, 6.6
and 6.7 show the risk area for different land use in year 2012, 2017, and 2022,
respectively. The total flood risk area of business, community and road zone are

increased 38.35%, 9.60% and 8.08%, respectively from years 2012 to 2022.



Table 6.5 Therating risk areain year 2012 for different Land use types

127

Landuse Total Ratingrisk area ;I'Ig'ﬂ
type area 5 4 3 2 1 area
km?)  (km’)  (km?) (km?) (km?) (km’)  (km?)
Business 12.63 1241 0 0.758  0.725 0 2.72
Community  13.49 0.62 0.491 0.64 0.666 0 242
Empty 1.02 0.06 0.092 0102 0122 0.089 0.46
Road 2.02 0 0.005 0005 0.012 0.002 0.02
Farm 6.9 0 0 0815 1.057 1.128 3
Water 1.32 0 0 0 0.379  0.256 0.64
Total 37.38 1.92 0.588 2.32 2.961 1.475 9.26
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Table 6.6 Therating risk areain year 2017 for different Land use type

Landuse Total Ratingrisk area Total
flood
type area 5 4 3 2 1 area

(km?) (km?) (km? (km?) (km?) (km?) (km?

Business 13.76 1.627 0.177 0.92 0.856 0 3.58
Community  14.39 0.719 0523 0677 0.692 0 261
Empty 0.93 0.08 0.054  0.068 0.09 0.085 0.38
Road 2.02 0 0.005 0005 0.012 0.005 0.03
Farm 5.02 0 0 0.656 0835 0.584 2.07
Water 1.26 0 0 0 0.352  0.242 0.59

Total 37.38 2.425 0759 2326 2837 0915 9.26




Table 6.7 Therating risk area in year 2022 for different Land use type
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Landuse Total Ratingrisk area ;I'Ig'ﬂ
type area 5 4 3 2 1 area
(km?)  (km?)  (km?) (km’) (km?)  (km®)  (km?)

Business 14.75 1.655 0212 0698 0.764 0.44 3.77
Community  14.9 0.271 0453 0533 0689 0.701 2.65
Empty 0.72 0.147 0.041 0.032 0.069 0.08 0.37
Road 2.02 0.005 0.001 0005 0.012 0.005 0.03
Farm 3.8 0.526 0348 0364 0404 0245 1.89
Water 1.19 0.342 0.059  0.048 0.04 0.074 0.56
Total 37.38 2.946 1.114 1.68 1.978 1545 9.26
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Figure 6.15 The 2022 Flood Risk Map of Nakhon Ratchasima Municipality
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6.5 Conclusion

To construct a flood risk map, the flood risk model was modified from
previous flood risk model of Zonensein et a. (2008) and the GIS application tool was
created for flood risk mapping. The existing flood risk model was modified by
considering the types of land use in each of flood indicators to represent the risk
rating in spatial system. The future land use was predicted by existed map in CA-
Makov model. The result shows the change of flood risk area in different land use
from part to future. It was found that the total flood risk area of business, community
and road zone are increased 38.35%, 9.60% and 8.08%, respectively from years 2012
to 2022 (10 years), respectively. For business area, very high flood risk area is
increased 33.40% from years 2012 to 2022. The flood risk map can be utilized as a
tool to identify priority of the area for planning of flood prevention, flood mitigation

and flood risk management and urban planning.
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CHAPTER VII

CONCLUSION AND RECOMMENDATION

7.1 Conclusion

In Chapter 4, a ssimple distributed hydraulic model is developed at the
pixel/soil column scale and upscale to implement at the caichment scale. Applied
water balance concept within the pixel and downstream interactions between each
pixel alow the runoff generation by three mechanisms: HOF, DOF and SSF. Based
on an actua building block of the selected DEM, the model can be parameterized for
alarge set of hypothetical catchments and input climate events. Simulation results are
received when all processes are driven to reach a periodic steady state by a sequence
of identical climate events. The advantage of this approach is simple, tractable and
computationally efficiency that we can carry out for multiple realization of climate-
soil- topography combination. This model will be used to simulate the effects of
different combination of climate, soil, and topography on the runoff generation
processes through hypathetical catchment and climate combination.

HEC-GeoRAS and ArcGIS are powerful tools as pre-processor for preparation
for geospatial input data and also as a post-processor for visualization of the hydraulic
model results for HEC-RAS models. In Chapter 5, the flood hazard map was
simulated from the DEM and Land use using 1D2D hybrid method in HEC-RAS V .5.

The improvement of rating curve in the floodplain was due to Land use condition
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which leads to the increase of the river water level and volume and peak discharge of
the ssimulated flooding. The runoff hydrograph in the flood event was generated to
correct this flood hydrograph by the simulated flooding also. Flood depth and flood
velocity are the product of flood hazard mapping that is the most important element to
be the flood properties indicator for flood risk model.

In general, there are three limiting factors for the applicability of the flood risk
model : (1) availability of data (2) existence of data with adequate precision and (3)
limits of the normalization scales. In Chapter 6, the existing flood risk model
(Zonensein et al. ; 2008) and the GIS application tool were applied to construct flood
risk map by using input flood properties (flood depth and flood velocity) from
Chapter 5. The Land use change is the scenario in this study and the flood risk rating
can be defined for each of the Land use types. By using Markov chain model and CA-
Markov model. The future community and business area are increased by 9.05% and
11.59% from year 2012 to 2022 (10 years), respectively. The predicted flood risk area
of business, community and road zone from modified flood risk model are increased
38.35%, 9.60% and 8.08%, respectively from year 2012 to 2022. For business area,
very high flood risk area is increased 33.40% from year 2012 to 2022. Therefore, the
flood risk model is a powerful tool for generating the flood risk map for planning and
management of flooding. Moreover, the GIS flood risk application tool is user

friendly interface.
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7.1 Recommendation

To develop the next step of a ssimple distributed hydraulic model to investigate
the climate, soil and topographic controls on annual water balance in a qualitative way
to define dimensionless functional relationships.

To construct the high resolution of flood hazard map then the terrain to raster
geoprocessing should be available from a LIiDAR dataset representing high resolution
of topography and Land use. In order to quantify the higher reliable flood risk, the
formulation should include more indicators. The additional indicator of flood
properties is flood duration. Adding indicators of flood consequence are socio-

economic losses and difficulty of using transportation based on community income.
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HARUETAI MASKONG : FLOOD RISK MAPPING FOR
NAKHON RATCHASIMA MUNICIPALITY. THESISADVISOR : ASSOC.

PROF. CHATCHAI JOTHITYANGKOON, Ph.D., 138 PP.

FLOOD MANAGEMENT / FLOOD HAZARD MAP/ FLOOD RISK / RIVER

FLOOD / GIS APPLICATION TOOL /

The objectives of this dissertation are to collect historical flood properties, to
understand flood behavior and to improve the accuracy of recorded flood in the
municipality of Nakhon Ratchasima, particularly, past flood in 2010. This information
has been used for developing flood inundation model to generate flood hazard maps
with the maximum discharge value at the observed station (M.164) for return periods
of 5, 10, 15, 25, 50, and 100 years. Then, develop an application tool in ArcGIS to
generate flood risk map.

To construct the flood hazard map from available observed flood map of the
small flood affected area, HecCRAS V.5 and GIS tool are used to formulate and
delineate flood hazard map for future scenarios of flood properties. For a ssimulation,
input physical parameters were generated by Hec-GeoRAS in ArcGIS based on DEM
(5x5 m?). A range of calibrated Manning’s n in a main channel was obtained from
fitting exercise with observed Rating curve. It was found that the n values between
0.020-0.035 (vary with elevation of main channel) are suitable values. Manning’s n in
floodplain depending upon the type of land cover that were estimated by the land-use
map. Observed and simulated flood map with precise information can be used to
understand flood behavior in urban area and to improve the accuracy of recorded flood

area from satellite images. For the 2010 flooding event in the concerning area, the
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simulated flood hazard map subjected to the discharge of 50 years return period (217
m?/s) is amost identical with the observed flood map from the surveying. These
results confirmed that the recorded hydrograph at M.164 was underestimated values
then the new hydrograph was proposed.

Simulated flood characteristic flood risk maps were derived based on existing
and different future flooding scenarios as various measures of land use change. Future
2022 land use map was predicted by CA-Markov model based on the spatial
distribution of land use from previous year 2012 and 2017. Predicted results showed
that community and business area have been increasing 9.05% and 11.92%,
respectively. Then, the highest risk area is increased about 53% in the next decade. In
addition, flood risk map can be utilized to identify priority of the area for flood

preparedness planning, flood mitigation and flood risk management.
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CHAPTER

INTRODUCTION

1.1 Problem background and importance of the study

The worst flood in five decades in Thailand occurred in 2011. It began in late
July by the rainfall of tropical storm Nock-ten, flood water moved through the
provinces of Northern and Central Thailand along the Mekong and Chao Phraya river
basins. By October flood water reached the Chao Phraya river and inundated parts of
the capital city of Bangkok. Figure 1.1 showed flood inundated area in Ayutthaya and
Pathum Thani Provinces in Central Thailland on 23 October 2011 (right), compared to
before the flooding on 11 July 2011 (left). In October, the Chao Phraya River had
overflowed onto nearby floodplains, especialy southwest of the river. Paddy fields,
roads, and buildings had all been submerged by flood water. Fast flooding and flood
water persevered inundation in some areas lasted until mid-January 2012. The flood
resulted in a total of 815 deaths (with 3 missing) and 13.6 million people affected.
Sixty-five of Thailand's 77 provinces were declared flood disaster zones, and over
20,000 sguare kilometers of farmland was damaged (Emergency Operation Center for
Flood, 2012). The World Bank estimated that the economic loss exceeded 1,425
billion baht. Most of these were manufacturing industries, as seven mgjor industrial
estates were inundated by as much 3 meters depth during the floods (World Bank,
2011). Disruptions of manufacturing supply chains affected regional automobile

production and caused a global shortage of hard disk drives which lasted throughout



2012. Tha government was unprepared for the long duration and severity of the
floods, and many communities felt that the Flood Response Operation Center
(FROC), which was established to coordinate emergency rescue and provide regular
communications to the public, was inadequate. The Thai Government was blamed by
the public that decision making on flood water management had done was carried out
based on political interest and without reliable projection of flood inundated area for

flood warning.

(a) 11 July 2011 (b) 23 October 2011

Figure 1.1 Satellite images of the 2011 flooding in Ayutthaya and Pathum Thani

Provinces (NASA Earth Observatory, 2011)



Peak floods often occur with a frequency results in loss life and property,
agricultures and industries. In 2010, Nakhon Ratchasima province located in the
upper Mun River basin as shown in figure 1.2, received excessive rainfall in
successive during day 14 — 16 October 2010. Mgority of floodplain area in Nakhon
Ratchasima province suffered from this serious flooding event. Heavy rains caused
large amount of runoff flow into both upstream and downstream of all reservoirs in
Nakhon Ratchasima province including Lamtakong and Lamphrapkloeng Dams. With
ongoing water flowing into these reservoirs until excess it capacity, the water level
was higher than the level of emergency service spillway which in turn caused severe
uncontrolled flood flow into many municipalities downstream. Moreover, most of the
rain could not be retarded by wetland, water then flow rapidly over lands into canals
and combined with overflow water from many dams. The combination of these events
caused widespread flooding on floodplain in lower basin including Muang Nakhon
ratchasima district, Pukthongchai district and Chaloemphrakiat district etc. Flood
water from tributary of Mun River was drained slowly into Mun River because the
water level in Mun River was higher than the water level in tributary’s canals and
there are alot of obstructionsin the canal which resulted in reduce flow speed.

There are two types of flood protection methods to alleviate flood: (1)
structural measures and (2) non-structural measures. The structural measures are a
hard tool for flood control use levees and floodwalls, by-pass floodways, retarding
basins and flood storage area, flood mitigation reservoirs and drainage systems
modifications etc. to reduce flood peaks. The non-structural measures are a soft tool
for flood management, including of land use management, flood forecasting and flood

warning etc. Both measures should be used together to mitigate disaster efficiently.



After flood disaster in year 2011, there are a number of adhoc organizations
were established by government. GISTDA (Geo-Informatics and Space Technology
Development Agency) is a public organization under the Ministry of Science and
Technology. GISTDA provides the satellite image archive for the Emergency
Operation Center for Flood, Storm and Landslide (EOC). The EOC supports broad
aspect of information for situation monitoring and evaluation to the provincial Flood
Relief Operations Center (FROC). GISTDA not only supplies daily information from
satellite images about the flooded areas but aso sending experts in geo-informatics
technology to help analyze satellites images, GISTDA also derives flood maps for
other agencies working under FROC. Flood map can present spatial data of
inundation area and expansion of flood boundary. However, it cannot evaluate flood
depth and flood duration. In order to protect or at least mitigate the effect of flooding
problems, physical characteristic of inundation area combine with consequent impact
have to be defined in the form of a flood risk map. The flood risk map will help the
responsible authorities to target on the area with higher risk where flood mitigation
plan have to be effectively implemented. Flood map and flood risk map will give

public tangible imagery of itsimpaction the flood on their community.
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1.2 Research objectives

Nakhon Ratchasima Municipality show in Figure 1.3 is located at the
downstream of the Lam Ta Kong River as the urban center of Nakhon Ratchasima
Province. There has suffered from flooding in 1978, 1996, 2002 and 2010 (Weeraya
and Jirawat, 2012). Thus, the objectives of this study are as follows::

1.2.1 Collect historical flood extent and delineate observed flood map in the
Nakhon Ratchasima Municipality, particularly, past flood in 2010.

1.2.2Develop the simple distributed model that could investigate the
combined effect of climate, soil, vegetation and topography on the runoff generation
processes at the catchment scale in a quantitative way .

1.2.3 Construct a flood hazard map from available observed flood map of the
small flood affected area with specified return periods.

1.2.4 Understand flood behavior in urban area and to improve the accuracy of
recorded flood map.

1.2.5 Derive flood risk maps based on different future flooding scenarios
including various measures of flood protection system land use change.

1.2.6 Develop an application tool in ArcGIS to generate flood risk map.



1.3 Scopeand limitations of study

1.3.1Study area is the Nakhon Ratchasima Municipaity in Nakhon
Ratchasima Province, Thailand. Upstream and downstream boundary are Khon Chum
Watergates and Khoi Ngam Watergates, respectively.

1.3.2HEC-RAS V.5 as a hybrid 1D2D model is used to quantified flood
extent, depth and velocity. Flood map simulation are considered as steady flow at the
observed station (M.164) for return period of 5, 10, 15, 25, 50 and 100 years.

1.3.3 The Topographic map with scale 1:50,000 (L7018 WGS84) is obtained
from the Royal Thai Survey Department (RTSD) .

1.3.4 The Digital Elevation Model (DEM) 5x5 m? resolution is obtained from
the Land Development Department (LDD) in the year 2008.

1.35The soil data is collected from the Land Development Department
(LDD) and the Department of Groundwater Resources (DGR).

1.3.6 The rainfall data and the weather data are provided by the Thai
Meteorological Department (TMD) between the years 1982-2013. There are 23
rainfall stations and 6 weather stations.

1.3.7 The runoff data is provided by the Royal Irrigation Department (RID)

between the years 1982-2013 for 12 stations.



1.4 Benéefit of study

1.4.1 Observed flood map with precise information (i.e. area, depth, duration)
can be used to understand flood behavior in urban area and to improve the accuracy of
recorded flood map from satellite images.

1.4.2 Food risk map can be identified and utilized as a tool for flood

preparedness planning, flood mitigation, and flood risk management.

15 Thedssstructure

Thethesisisdivided into 7 chapters Chapter | to VIl are as follows:

Chapter 1 “Introduction” present the problem background and importance of
the study, research objective, scope and limitation of study, benefits of study and
thesis structure.

Chapter Il “Basic concepts and literature review” consists of the descriptions
of flooding and flood map, hydraulic model and literature reviews.

Chapter 11l “Data and methodology” summarize about collected data,
surveyed data and description of methodology.

Chapter 1V “The development of a simple distributed hydrological model
based on up-scaling from pixel to catchment scale”

Chapter V “Flood hazard mapping using on-site surveyed flood map, HEC-
RAS V.5 and GIS tool: a case study of Nakhon Ratchasima Municipality, Thailand”

Chapter VI “The development of a GIS tool application for flood risk
mapping: a case study of Nakhon Ratchasima Municipality, Thailand”

Chapter VII “Conclusion and Recommendation” contains conclusion of the

study and recommendations.
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CHAPTER II

BASIC CONCEPTSAND LITERATURE REVIEW

This chapter summarizes the results of literature review carried out to
understanding of the flood phenomenon, concepts of the flood risk model, which

include recent research results and application of the flood risk map.

2.1 Introduction

Since the prehistoric times, floods interactions have evolved include a version to
flood risk, flood defense and flood risk management, all serve as mindset or a
paradigm. Flood is a general and temporary condition of partial or complete
inundation of normally dry land from overflow of inland or tidal waters from the
unusual and rapid accumulation or runoff of surface waters from any source. The
impacts of major floods may considerably increase in the future, since society is
becoming more vulnerable to the damage and disruption caused by floods, and

because floods may become more serious and more frequent due to climatic changes.

Flood can be defined as an overflow, or accumulation, of substantial water
volume that inundates the land (which is not normally submerged). Floods are well-
known natural hazard that sometimes can lead to devastated consequences like loss of
human lives or costly damage to the properties. In general, floods can be divided into

5 main types, which are (Ghosh, S.N., 2006) :
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1. River flood is the mgjor cause of flooding extensive areas as a result of heavy
rains in the catchment areas as well aslocal areas thereby increasing theriver level.

2. Flash flood occur due to heavy rainin hilly areas which cause local rivers and
small streams to rise to dangerous level within a short period of time (6-12 hours).
Heavy and continuous rainsin local areas can cause flash floods.

3. Urban flood occur due to local heavy rain up to 100 mm or more in a day
over the city and larger towns can cause damaging and disruptive flooding due to poor
drainage and rapid runoff.

4. Strom surge or tidal flooding occurs during tropical disturbances, developing
to cyclones and crossing surrounding coastlines. Cyclone induced storm surges have
devastating consequences in coasta areas and such surge induced floods may extend
many kilometers inland.

5. Floods arising due to failure of dam is the large number of large and small
dams are constructed to store water for various purposes. Due to poor maintenance
and due to exceptionally high precipitation, a severe flood may result causing failure
of the dam. This causes a surging water front travelling with high velocity causing
destruction of properties and loss of life.

Primary effects of flooding are physical damage to properties, buildings, roads,
and to natura resources, due to the drowning and subsequence epidemics or water-
borne diseases. Its secondary effects include, water-supply contamination, spread of
the water-borne diseases, diminishing of crop supply. Moreover, flooding can cause
long-term effect by corrupting natural resources and fertility of the ecosystem aong
with sustainable use of fertile land. High cost for recovering of the severely-damaged

buildings, infrastructure and human illnessis aso a concerned issue.
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2.2 Runoff generation processes

The rainfall — runoff question is aso at the heart of the interface linking
meteorology and hydrology. The temporal and spatial scales associated with surface
water inputs, given as output from meteorological processes have profound effects on
the hydrological processes that partition water inputs at the earth surface. High
intensity short duration rainfall is much more likely to exceed the capacity of the soil
to infiltrate water and result in overland flow than a longer less intense rainfal. A
cross section (Figure 2.1) through a hillslope that demonstrate in detail of the
pathways infiltrated water. Infiltrated water may flow through the matrix of the soil in
the inter-granular pores and small structural voids. Infiltrated water may also flow
through larger voids referred to as macropores. Macropores include pipes that are
open passageways in the soil caused by decaying roots and burrowing animals.
Macropores aso include larger structural voids within the soil matrix that serve as
preferential pathways for subsurface flow. The permeability of the soil matrix may
differ between soil horizons and this may lead to the buildup of a saturated wedge
above a soil horizon interface. Water in these saturated wedges may flow laterally
through the soil matrix or enter macrospores and be carried rapidly to the stream as
subsurface storm flow in the form of interflow.

With background on the pathways followed by infiltrated water can inspect
the processes involved in the generation of runoff (Figure 2.2). Each process has a
different response to rainfal or snowmelt in the volume of runoff produced, the peak
discharge rate, and the timing of contributions to stream flow in the channel. The

relative importance of each process is affected by climate, geology, topography, soil
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characteristics, vegetation, and land use. The dominant process may vary between

large and small storms.
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The infiltration excess overland flow processes is illustrated in Figure 2.2a.
There is a maximum limiting rate at which a soil in a given condition can absorb
surface water input. This process caled “Horton” overland flow, named after one of
the founding fathers of quantitative hydrology. As the infiltration capacity of the soil,
infiltration capacity is also referred to as infiltrability. When surface water input
exceeds infiltration capacity the excess water accumulates on the soil surface and fills
small depressions. Water in depression storage does not directly contribute to
overland flow runoff; it either evaporates or infiltrates later. With continued surface
water input, the depression storage capacity is filled, and water spills over to run
down slope as an irregular sheet or to converge into rivulets of overland flow. The
amount of water stored on the hillside in the process of flowing down slopeis called
surface detention. The transition from depression storage to surface detention and
overland flow is not sharp, because some depressions may fill and contribute to
overland flow before others. Figure 2.3 illustrates the response, in terms of runoff
from a hillside plot due to rainfall rate exceeding infiltration capacity with the filling
of depression storage and increase in, and draining of, water in surface detention
during a storm. Note, in Figure 2.3, that infiltration capacity declines during the
storm, due to the pores being filled with water reducing the capillary forces drawing
water into pores. Due to spatial variability of the soil properties affecting infiltration
capacity and due to spatial variability of surface water inputs, infiltration excess
runoff does not necessarily occur over a whole drainage basin during a storm or
surface water input event. Betson (1964) pointed out that the area contributing to

infiltration excess runoff may only be a small portion of the watershed. This idea has
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become known as the partial-area concept of infiltration excess overland flow and is
illustrated in Figure 2.2b.

Infiltration excess overland flow occurs anywhere that surface water input
exceeds the infiltration capacity of the surface. This occurs most frequently in areas
devoid of vegetation or possessing only a thin cover. Semi-arid rangelands and
cultivated fields in regions with high rainfall intensity are places where this process
can be observed. It can aso be seen where the soil has been compacted or topsoil
removed. Infiltration excess overland flow is particularly obvious on paved urban
areas. In most humid regions infiltration capacities are high because vegetation
protects the soil from rain-packing and dispersal, and because the supply of humus
and the activity of micro fauna create an open soil structure. Under such conditions
surface water input intensities generally do not exceed infiltration capacities and
infiltration excess runoff israre.

Overland flow can occur due to surface water input on areas that are already
saturated. This is referred to as saturation excess overland flow, illustrated in Figure
2.2c. Saturation excess overland flow occurs in locations where infiltrating water
completely saturates the soil profile until there is no space for any further water to
infiltrate. The complete saturation of a soil profile resulting in the water table rising to
the surface is referred to as saturation from below. Once saturation from below occurs
at alocation al further surface water input at that location becomes overland flow

runoff.
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Subsurface stormflow is a runoff producing mechanism operating in most
upland terrains. Subsurface stormflow describes a runoff generation processes in the
hillslope close to the soil surface that result in a stream channel hydrograph response
during a precipitation event as show in Figure 2.2d. This response may be coupled
directly to flow in preferential pathways like areas with high permeability. However,
rapid subsurface stormflow response may aso result from a fast-hydraulic response of
connected saturated areas in a hillslope in response to infiltrating precipitation (Burt

and Butcher, 1985).
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A hydrologic model was used development by Jothityangkoon et a (2001).

The water balance equation for revised, single bucket model is asfollows:

B~ p) - .0 - 00 -0 -, 2.1)

where s(t)is the volume of soil moisture storage, p(t)is the rainfall input
rate, q.(t) is subsurface runoff, g.(t) is saturation excess runoff rate, e (t) is bare
soil evaporation rate and e, (t) is the transpiration rate. Details of the four outflow

rates (ones with a negative sign on the right hand side of Eq. 2.1) can be described as

follows:
Subsurface runoff

The subsurface runoff term, gss, was determined using the relation:

_(5-3)

O y if s>s¢ (2.2a)

4 =0 i F (2.20)

Where s, is the soil-moisture storage at field capacity, and t, is a catchment
response time with respect to the subsurface flow. The threshold storage, s, is
assumed to be equal tos; = f.D, where f. is soil’s field capacity, and D is average

effective soil depth. The reason for the use of field capacity is that often when the
moisture content is less than the field capacity, capillary forces are larger than those

of gravity and drainage is prevented.
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In theory, the catchment response time, t., defines average traveling time of the

induced runoff within the catchment to reach catchment’s outlet. For the subsurface
flow, this value can be estimated by the Darcy’s law for idealized triangular
representation of the unconfined aquifer within a hillslope, assuming that the

hydraulic gradient can be approximated by slope of ground surface. This gives:

Lf

t.=——— 2.3
¢ 2K tanb 23)

where f is the average soil porosity, L is the average hill slope length, tan B is the
average ground surface slope, K, is the average saturated hydraulic conductivity.

However, due to the lack of necessary data, especially the hydraulic conductivity, for

performing direct calculation of t. from Eq. 2.3, its proper value was calibrated to

provide the best fit of the simulated discharge to the observed one.
Saturation excess runoff rate

Similarly, the surface runoff term, g (t) , was determined using the relation:
0. = (S—§,))/At if s>S (2.43)
0. =0 if s<§ (2.4b)

where §is the bucket’s soil-moisture storage capacity, given by § =fD
where f is the average soil porosity, and At isthetimeinterval. Eq. 2.4 indicates that

the excess surface runoff exists if amount of soil moisture storage is higher than

bucket’s soil-moisture storage capacity only, otherwise thisterm will be zero.
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Bare soil evaporation rate

The evaporation term, g, was estimated through the relation:

(2.5)

__ S
Q—G_Mmp (2.6)

where t, is a characteristic time scale associated with bare soil evaporation,
estimated using Eq. 2.6, e, is potential evaporation rate, and M is fraction of forest

vegetation cover. In the original lumped model, M can vary between 0 and 1 as the forest

cover can vary significantly basin to basin.

Transpiration rate

e, = Mk.e, if S>s, (2.78)
S :

& =1 if s<s, (2.7b)
g

= (2.8)

“ Mke, '

where t is a characteristic time scale associated with the transpiration and k, is a

plant transpiration efficiency.
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2.3 Hydrologic model

231 Typeof the mode

The models are ssmplified conceptual framework of the water balance
at some specific area. Most models were developed using complicated mathematical
formulation to operate mainly at basin or catchment scale. They are mostly used for
hydrologic prediction and for apposite understanding of hydrologic processes and
their consequences. The hydrologic models commonly used nowadays can be divided
into two broad categories (Seth, 2006):

(1) Sochastic model generates outputs that are at least partially random
produces the different output from a given input. In essence, they are black-box
systems in nature as their main am is to link certain input (for instance rainfall) to
model output (for instance stream runoff) using some chosen mathematica and
statistical concepts where the commonly used are regression, transfer functions, and
system identification. The simplest form is the linear model, but it is common to
employ non-linear components to represent some general aspects of the catchment’s
response without moving deeply into real physical processes that might be involved
(no/little physical basis required). A well-known example isthe ANN model (artificial
neural network) which has the ability to model both linear and nonlinear relationships
without the need to make any implicit assumptions at first.

(2) Deterministic models, this model does not consider randomness. A
given input always produces the same output. The model’s processes are developed
based on definite physical laws and no uncertainties in prediction are admitted. The
models are based on our understanding of physics of the hydrological processes which

control catchment response and use physically-based equations to describe these
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processes. They basically try to represent main physical processes observed in the real
world, especiadly those of surface runoff, subsurface flow, evapotranspiration, and

channel flow, but these can go far more complicated.
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Figure 2.4 Schematic of awatershed discretization and associated flow network in
sub-watershed (left) and in grid-based artificia units (right)

(CRAHI, 2012).

Deterministic models can be further classified according to whether the
model gives a spatialy lumped or distributed description of the catchment area, and
whether the description of hydrological processes is empirical, conceptual or fully
physically based. Two groups of the models generally referred to in literature are

(Figure 2.4) (CRAHI, 2012);
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lumped model, this models conceptualy assume that the
transfer of water in the catchment taking place in only few well-defined storages (or
lump), each of which has homogeneous property and represents a fundamental unit in
the operating process (e.g. rainfall, soil characteristics, vegetation, land use practice).
Though, this assumption is rarely fulfilled in reality, their concepts still provide some
priory understanding in the water balance details of the examined area. These models
can be regarded as in the intermediate position between the full grid-based approach
and the empirical black box analysis. There are numerous lumped hydrologic models
which are based on concept of a Unit Hydrograph (UH). This concept isvalid within a
framework which assumes that the watershed is a linear causative and time invariant
system where only part of relevant excessrainfall that produces runoff.

The grid-based or distributed models, these models consider
the hydrologic process that taking place within area divided into a large amount of
small rectangular grids that enables them to describe the hydrologic processes with a
fine resolution (e.g. 100-500 m). The equations of the processes are solved in each
defined unit (grid) and combined with output from the neighbor. This structure leads
to very complex models that require a great amount of information, and at least, up to
present, the calibration of a tremendous amount of parameters, if not all the variables
may be estimated from field data. This makes the use of the distributed models for
realistic runoff forecasting is still rather difficult so far, particularly when performing

in the large and heterogeneous area.
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In generd, the black-box model is appropriate for the preliminary study
of the water balance process in the area due to its simple structure and no/little
physical data of the area required. However, it gives little information about the actual
process and severa adjustments in the calculating algorithms might be needed just to
fit the output data with the real observed ones. On the contrary, lumped model needs
more physical data and knowledge of the hydrological process in the area to work
properly. But its capacity is still limited to the analysis at basin/sub-basin scale only.
To have model with better spatia resolution, the grid-based model is the most suitable
aternative. However, the difficulties in developing such model liein its need for huge
amount of physical data and through knowledge of the hydrological process of the
interested area. Therefore, it typically works well for the study in small area.

There are two strategic approaches to build the preferred hydrologic
model, the downward (or top-down) and the upward (or bottom-up) approaches. As
described by Klemes (1983), the downward (or top-down) approach was applied in
the model’s developing process. In essence, this kind of work tries to find a concept
directly at the level or scale of interest (or higher) and then looks for steps that could
have led to it. Thisis in the contrary to the upward (or bottom-up) approach which
tries to combine, by mathematica synthesis, the empirical facts and theoretica
knowledge available at a lower level of scale into the theories capable of predicting
the response at the higher scale. As a consequence, the simple form of the preferred
model will be considered and test first at the preferred scale of interest, then more
complexity will be added to the original model to gain higher accuracy in the obtained

result until it reaches level of accuracy required.
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2.3.2  Rainfall-runoff model

The magjor input into the rainfall-runoff model is an estimate of rainfall
and the output is an estimate of runoff. The intermediate steps that transform rainfall
to runoff are the model processes. Among the hydrologic processes typically modeled
are: interception, infiltration, evapotranspiration, snowpack and snowmelt, retention
and detention storages, soil water movement, and filtration to ground water, overland
flow, open channel flow, and subsurface flow (interflow and base flow).

Rainfal runoff models may be grouped in two genera classifications
that are illustrated in Figures 2.5 and 2.6 The first approach uses the concept of
effective rainfall in which aloss model is assumed which divides the rainfall intensity
into losses and an effective rainfall hyetograph. The effective rainfal is then used as
input to a catchment model to produce the runoff hydrograph. It follows from this
approach that the infiltration process ceases at the end of the storm duration. An
alternative approach that might be termed a surface water budget model incorporates
the loss mechanism into the catchment model. In this way, the incident rainfall
hyetograph is used as input and the estimation of infiltration and other losses is made
as an integral part of the calculation of runoff. This approach implies that infiltration
will continue to occur as long as the average depth of excess water on the surface is

finite. Clearly, this may continue after the cessation of rainfall.
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Figure 2.5 Rainfall-runoff models using effective rainfall (Alan, 2010)
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Figure 2.6 Rainfall-runoff model using a surface water budget (Alan, 2010)



Examples of the rainfall-runoff model

Unit hydrograph model
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Unit hydrograph shows the tempora change in flow per unit of runoff.

The unit hydrograph is a useful tool in the process of predicting the impact of

precipitation on streamflow. The role of unit hydrograph theory in the flood prediction

process (Figure 2.7) is to provide an estimate of streamflow given an amount

precipitation. The Unit Hydrograph provides us with a way to estimate runoff, and is

an integral part of many hydrologic modeling systems.
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Figure 2.7 Flood prediction process (NOAA National Weather Service (NWS), 2010)
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Curve Number model

The Curve Number (CN) method was developed to estimate total
storm runoff from total storm rainfall. This method estimates direct runoff, which
consists of channel runoff, surface runoff, and unknown proportion subsurface runoff.
Generadly, the CN method is well suited for small watershed (Tekeli et al., 2007). In
contrast, it is not restricted to use for only small watersheds. It can be applied equally
well to other large areas if the geographic variations of storm rainfall, soil, and land
use are taken into account. So that with increasing availability of finer spatial
resolution information from remote sensing data on land use, it is possible to use CN
method for large areas with better accuracy (Chatterjee et al., 2001).

The model was developed to provide a consistent basis for estimating
the amounts of runoff under varying land use and soil types (Rallison and Miller,
1981).

The SCS curve number equation is (Soil Conservation Service, 1972)

(Riy = 1a)°

Quir = R 2l (2.9)
(Rday B Ia + S)

Where Q,; Is the accumulated runoff or rainfall excess (mm.H20),

Ry istherainfal depth for the day (mm.H0), |, isthe initial abstractions which

includes surface storage, interception and infiltration prior to runoff (mm.H,0) and S

isthe retention parameter (mm.H,0).
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The retention parameter varies spatialy due to changes in soils, land
use, management and slope and temporally due to changes in soil water content. The
retention parameter is defined as:

1000 } (2.10)

S= 25.4[— -10
CN

Where CN is the curve number for the day. The initial abstractions,

|, iscommonly approximated as 0.2S and equation 2.9 becomes:

(R - 0.2S)?

Quy = Rem059 (2.12)

Runoff will only occur when R, >I,. A graphical solution of

equation 2.11 for different curve number valuesis presented in Figure 2.8.
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2.3.3 Water balance concept

The natural occurrence of water circulation near the surface of the
earth, the hydrologica cycle is illustrated in Figure 2.9. The movement of water
through the hydrological cycle varies significantly in both time and space. The
hydrological cycle emphasizes the four phases. precipitation, evapotranspiration,
surface runoff and groundwater. Water balance is based on the law of conservation of
mass. any change in the water content of a given soil volume during a specified
period must equal the difference between the amount of water added to the soil
volume and the amount of water withdrawn from it. In principle, a water balance can
be computed for any soil volume, ranging from a small sample of soil to an entire
catchment.

When the control volume is the entire catchment, the surface water

bal ance equation can be expressed as:

AS=P-Q-ET-R (2.12)

where ASis the change in spatialy averaged catchment water storage, Pis the
spatialy averaged precipitation, Qis the spatially averaged catchment surface runoff,
ET is the spatially averaged evapotranspiration and Ris the spatialy averaged
catchment recharge.

The water balance model in Eq. 2.12 is applied to determine amount of
the total overland surface runoff over each considered unit area under the prior input
data. It then simulates the runoff movement to the neighboring land units before

finding its way to the stream channel situated nearby. Flow pattern of the existing
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surface runoff usually determined by the topographic elements of the area, especialy
surface slope and aspect. Primary output from the hydrologic model is hydrographs at
varying locations along the waterways to describe quantity, rate and timing of stream
flow that results from the associated rain events. These hydrographs then become a
key input into the hydraulic model. The hydraulic model simulates the movement of
flood waters through waterway reaches, storage elements, and hydraulic structures. It
calculates flood levels and flow patterns and also complex effects of backwater,
overtopping of embankments, waterway confluences, bridge constructions and other
hydraulic structure behavior.
2.34 Water balance concept based on water shed

Typicaly, the watershed can be defined as an enclosed region where
the direct precipitation occurs within the confines of its drainage basin and collects
into a stream channel, flowing downhill to acommon basin outlet. A drainage basin is
the physical boundary between watersheds where slope of the watershed diverts all
surface runoff to the same drainage outlet. The boundary between watershedsis called
a drainage divide. Watershed hydrology deals with the rainfall-runoff relationships
found across a drainage basin (Singh 1992).

Watershed runoff is composed of three components: surface runoff,
interflow, groundwater runoff (i.e. baseflow). Surface runoff flows over the surface of
the watershed and downstream in stream channels to the watershed basin outlet.
Interflow is the portion of runoff that infiltrates into the upper soil layers of the
watershed and moves laterally until it reaches the stream channel. Interflow moves
dower than surface runoff, reaching the stream channel later in time. Base flow

percolates through soil until it reaches the water table and then moves lateraly until
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reaching the stream. Base flow is much slower than both surface runoff and interflow
and has little to no impact on flood peaks resulting from a storm (Shultz, 2007).

Surface runoff is composed of two main components. overland flow
and channel flow. Overland flow is the portion of runoff which flows over the land
surface to the stream channel. Overland flow occurs when the precipitation rate from
a storm exceeds the interception capacity of the vegetative canopy, the infiltration
capacity of soil on the watershed, and surface storage. Channel flow is the trandlation
of aflood wave as it moves downstream in a stream channel. As runoff moves across
a watershed and then downstream to the outlet, it undergoes changes across both the
overland flow plane and within the stream channel (Shultz, 2007).

Regarding to general concept of the hydrologic model stated earlier,
there are five main factors that contribute the most to variation of the observed
channel runoff:

1. Precipitation (e.g. duration, distribution, intensity) is used as the
input water resource in the water balance model;

2. Topography (e.g. slope, geologic structure, drainage system) is used
to determine general flow direction of the surface runoff;

3. Evapotranspiration (ET ) is used to determine rate of water loss due

to the evapotranspiration process (depends mostly on the climatic and soil conditions
and vegetation cover pattern);

4. Soil infiltration capacity is used to determine the water loss due to
theinfiltration process (depends mostly on sail type);

5. Land use/land cover (LULC) pattern is used to assist the

determination of flow movement, infiltration rate and AET rate the most.
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2.3.5 Channel Routing

Hydraulic routing is based on the solution of partia differential
equations of unsteady open-channel flow. The equations used are the St. Venant
eguations or the dynamic wave equations (Chow 1988). The hydraulic models (e.g.
dynamic and diffusion wave models) require the gathering of a lot of data related to
river geometry and morphology and consume a lot of computer resources in order to
solve the Saint-Venant equations numerically.

Governing equations and numerical solution schemes

A complete set of governing equations for reduced complexity two-
dimensional flood modelling comprises one of the simplified forms of the momentum
equation, and a continuity equation. Continuity (or the law of conservation of mass)

relates the volume in a given computational cell to the flows into and out of it during

atime step:
ov"! i“Li i (- ij
po =Q " -Q) +Q,'*=Q}; (2.13)
where V-1 is the volume in cdl (i.i), t is the time and and

Q.M. Q, Q)" and Q' describe the volumetric flow rates (either positive or

negative) between adjacent floodplain cells in the x and y Cartesian directions

respectively. The continuity equation for the cell (i, ) can therefore be written:
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ot _ QM Qi+, o]
ot AXAy
Qe ~ Qi + Quta — Qi
AXAY

(2.14)
+(1-q)

Where h ! isthe flow depth, Ax and Ay are the grid cell dimensions. The

weighting coefficient (q ) is used to determine whether the equation system is solved

fully or partially implicitly forg <1 or explicitly for g =1 (Cunge et a., 1980).

24 Toolsfor Flood mapping

MIKE FLOOD

MIKE FLOOD is the complete toolbox for flood modelling available.
It includes awide selection of 1D and 2D flood simulation engines, which enable user
to model virtualy any flood problem - whether it involves rivers, floodplains, floods
in streets, drainage networks, coastal areas, dam, levee and dike breaches or any
combination of these. Where other tools give up, MIKE FLOOD gives results. The
core elements in MIKE FLOOD are well-proven models, MIKE 11 for rivers, MIKE
URBAN for collection systems and MIKE 21 for 2D surface flow. These are coupled
to form a unique and trend-setting three-way coupled modelling tool. MIKE FLOOD
is applicable at any scale from a single parking lot to regional models. Independent
studies show that you can save months of efforts and create more reliable models by

upgrading from standard 1D modelling to MIKE FLOOD.
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HAZUS-MH software

HAZUS-MH was developed by the Federal Emergency Managenment
Agency’s (FEMA) of USA. HAZUS is a nationadly applicable standardized
methodology that contains models for estimating potential losses from earthquakes,
floods and hurricanes. HAZUS uses Geographic Information Systems (GIS)
technology to estimate physical, economic and social impacts of disasters. It
graphicaly illustrates the limits of identified high-risk locations due to earthquake,
hurricane and floods. Users can then visualize the spatial relationships between
populations and other more permanently fixed geographic assets or resources for the
specific hazard being modeled, a crucial function in the pre-disaster planning process.
HAZUS is used for mitigation and recovery, as well as preparedness and response.
Government planners, GIS specialists and emergency managers use HAZUS to
determine losses and the most beneficial mitigation approaches to take to minimize
them. HAZUS can be used in the assessment step in the mitigation planning process,
which is the foundation for a community's long-term strategy to reduce disaster losses
and break the cycle of disaster damage, reconstruction and repeated damage. Being
ready will aid in recovery after a natural disaster. As the number of HAZUS users
continues to increase, so do the types of uses. Increasingly, HAZUS is being used by
states and communities in support of risk assessments that perform economic loss
scenarios for certain natural hazards and rapid needs assessments during hurricane
response. Other communities are using HAZUS to increase hazard awareness.
Emergency managers have also found these map templates helpful to support rapid

impact assessment and disaster response.
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WM S software

The Watershed Modeling System (WMS) is a modelling system for
watershed hydrology and hydraulics. WMS is capable of automated delineation of
sub-watershed boundaries and flood extent, and includes graphic display options to
aid in understanding the drainage characteristics of terrain surfaces as well as severa
computation featuresWMS is a comprehensive graphica modeling environment for
all phases of watershed hydrology and hydraulics. WMS can perform operations such
as automated basin delineation, geometric parameter calculations, GIS overlay
computations (CN, rainfal depth, roughness coefficients, etc.), cross-section
extraction from terrain data, floodplain delineation and mapping, storm drain analysis,
runoff, and more.

HEC-RAS

The Hydrologic Engineering Center River Analysis System (HEC-
RAYS) is free software with a friendly graphical user interface that was successfully
used for flood studies (US Army Corps of Engineers, 2014). This software allows the
user to perform one-dimensional steady flow, one and two-dimensional unsteady flow
calculations, sediment transport/mobile bed computations, and water temperature/
water quality modeling. In 2014, a new version of HEC-RAS (HEC-RAS-Vv5) was
released including 2D capabilities. HEC-RAS-v5 can be used either as a fully 2D
model or as a hybrid 1D2D model when the main rivers are modelled as 1D and the
floodplains are modelled as 2D. Although a hybrid 1D2D model tends to be faster
than a 2D model, such 1D2D model requires the user to define the connections
between the 1D and the 2D models. Such connections require a prior definition of the

overflow locations.
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2.5 Review of thereevant research works

Flooding is a critical, yet natural phenomenon with severe economic, social and
environmental consequences. Recent years, the results of severe flood events
underline the requirements for reliable flood modelling tools that enable us to
analyses flood events and develop flood protection measures or flood mitigation
strategies in the attempt to prevent the losses of human lives and property, as well as
to minimize significant destruction of infrastructure and landscape. Severd
hydrologic models have been developed and applied to the study of surface runoff
characteristics and the associated flooding analysis for the interested areas. Examples
of these works are reviewed here as follows.

Werner (2000) indicated that the flood hazard in areas adjacent to rivers may
be estimated by applying hydrological/hydraulic models to calculate parameters such
as flood extent, depth and duration. However, by using atwo-dimensional flow model
based on the topography has the drawback that computational requirements are high,
making this approach unattractive when applying in, e.g., a decision support system.

Sinnakaudan et al. (2002) found that the Geographic Information System
(GIS) is an efficient and interactive spatial decision support tool for flood risk
analysis. They had developed the ArcView GIS extension namely AVHEC-6.avx to
integrate the HEC-6 hydraulic model within GIS environment. It has the capability of
anayzing the computed water surface profiles generated from HEC-6 model and
producing a related flood map for the Pari River in the ArcView GIS. The flood risk
model was tested using the hydraulic and hydrological data from the Pari River
catchment area. The results of this study clearly show that GIS provides an effective

environment for flood risk analysis and mapping.
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Liu et al. (2003) studied a diffusive transport approach for flow routing in GIS-
based flood modelling. This research proposes a GlS-based diffusive transport
approach for the determination of rainfall runoff response and flood routing through a
catchment. The watershed is represented as a grid cell mesh and routing of runoff
from each cell to the basin outlet is accomplished using first passage time response
function based on the mean and variance of the flow time distribution derived from
the advection—dispersion transport equation. The flow velocity is location dependent
and calculated in each cell by using the Manning equation based on the local slope,
roughness coefficient and hydraulic radius. The total direct runoff at the basin outlet is
obtained by superimposing all contributions from every grid cell.

Jothityangkoon and Sivapalam (2003) developed the distributed rainfall-
runoff model to predict extreme flood. It was found from this work that when increase
of normal flood condition to the extreme flood condition, the model’s results showed
that process of the runoff occurrence has changed by increasing of saturation excess
overland flood from the increase of the saturated area. The overflowing process of the
river bank had the role more than the flowing in the waterway.

Werner et al. (2005) explored the potential for identifying roughness values for
distributed land use types using a comprehensive calibration data set of the 1995 flood
event in the River Meuse, including gauged levels, flood extent maps and distributed
flood plain level observations. The reach studied was modelled using an integrated
1D-2D hydrodynamic model, with floodplain flow modelled in the 2D domain.
Detailed information on floodplain land use types is aggregated to form one, two or
five classes of floodplain roughness. Sensitivity analysis of model performance

against the calibration data shows that as the number of floodplain classes increases,



42

sensitivity to these roughness values decreases, given alocation of prior roughness
values on the basis of constituent land use types and associated roughness values
found from literature. Evaluating the identifiability of the roughness in these classes
using the Generalised Likelihood Uncertainty Estimation (GLUE) method confirms
this insensitivity. As a consequence, application of complex formula to establish
roughness values for changed floodplain land use would seem inappropriate, and
evaluation of such changes within a probabilistic framework are suggested.

Jothityangkoon et al. (2006) applied the distributed rainfall-runoff model
developed in Australia to analyze daily water balance in Lum Pang Chu Watershed,
which is sub-catchment of Mun River in the northeast of Thailand. Result of the daily
model being developed by using long term water balance concept found that, it was
necessary to add more complexity to runoff generation processes from soil-water
storage to increase base flow in the stream and receive a better fit to the observed flow
duration curve.

Ramlal and Baban (2007) developed a GIS-based hydrologic model to flood
management in Trinidad, West Indies. This work uses GIS to map the extent of the
flooding, estimate soil loss due to erosion and estimate sediment loading in the rivers
in the Caparo River Basin. The results indicate that flooding was caused by several
factors including clear cutting of vegetative cover, especialy in areas of steep slopes
that lead to sediment filled rivers and narrow waterways. Other factors include poor

agricultural practices and uncontrolled development in floodplains.



Merwade et al. (2008) studied of GIS techniques for creating river terrain
models for hydrodynamic modelling and flood inundation mapping. The objectives of
them study are to highlight key issues associated with creating an integrated river
terrain, and propose GIS techniques to overcome these issues. Multiple approaches
are used to create river terrain models for 2D/3D hydrodynamic modelling and flood
inundation mapping. Creating surface representations of river systemsis a challenging
task because of issues associated with interpolating river bathymetry, and then
integrating this bathymetry with surrounding topography. The techniques are
presented by mapping and analyzing river channel data in a channel fitted coordinate
system; interpolation of river cross-sections to create a 3D mesh for main channel;
and integration of interpolated 3D mesh with surrounding topography. Creation of a
3D mesh for the main channel using a channel-fitted coordinate system and
subsequent integration with surrounding topography produces a coherent river terrain
model, which can be used for 2D/3D hydrodynamic modelling and flood inundation
mapping. Since the results from hydraulic and hydrodynamic models are greatly
affected by the geometric description of the river channel bathymetry and surrounding
topography, an integrated river terrain that accurately describes the main channel and
the floodplain along with geomorphologic and engineering features is an important
dataset that will improve our ability to accurately model and understand river flow

and surrounding hydrologic processes such as surface water/ground water interaction.



Zonensein et al. (2008) presented a quantitative multi-criteria index, named
Flood Risk Index (FRI), which is able to overcome some off the inconveniences of
traditional flood risk assessment methodologies. The two components of risk
(Probability and consequences) are represented by sub-indices, related both to flood
properties and to local vulnerability and exposure characteristics, and each sub-index
results from the interaction of a number of factors, expressed by indicators. The
relative importance of indicators and sub-indices is represented by weights associated
to each of them. The concept of risk has variable meaning according to the context in
which it is employed and, for that reason, the adopted interpretation must be
elucidated prior to any analysis. In engineering, risk is divided in two basic
components. one related to the probability of occurrence of a hazardous event and
another regarding its consequences. Concerning flood risk, in particular, this is the
definition mostly accepted being. Range of the FRI were set up for the sake of
simplicity and clarity, it was determined that the FRI should be a dimensionless value,
which could range between O and 100 — the minimum and maximum risk,
respectively. Moreover, in order to operate the indicators that compose FRI, which
have varied natures and units, they must be normalized beforehand, converting them
into a common range. According to the formulation established next, all indicators
have to be adjusted to the same range, assuming values between 0 and 100. Finaly,
weighted summations and products compose the formulation of FRI. The index
constitutes a decision support tool, alowing the rating, identification, and comparison
of critical zones, the assessment of different flood risk scenarios, the development of

flood risk maps, among other potential uses. The FRI was applied in aGIS.
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Chen et al. (2009) developed a Gl S-based urban flood inundation model called
GUFIM which consists of two components. a storm-runoff model and an inundation
model. Cumulative surface runoff, output of the storm-runoff model, serves as input
to the inundation model. The storm-runoff model adapts the Green-Ampt model to
compute infiltration based on rainfal characteristics, soil properties, and drainage
infrastructure conveyance. The basis of the inundation model is a flat-water model.
This effort uses publicly available elevation data, storm data, and insurance claim data
to develop, implement and verify the model approach.

Rozalis et al. (2010) studied of the assessment of flood hazard by developing a
flood hazard map for mid-eastern Dhaka of Bangladesh was carried out by 1D
hydrodynamic simulation using both topographic remote sensing data and hydrologic
field-observed data. The study demonstrates a simple and effective way to modify the
collected DEM. The aim of flood hazard map is to provide residents with the
information on the range of possible damage and the disaster prevention activities.
The effective use of hazard map can decrease the magnitude of disasters. On the other
hand, flood risk map represents the current scenario of that area according to degree
of risk. The map provides helpful information about flood risk management and
should be useful in assigning priority for the development of high-risk areas.

Masood and Takeuchi (2010) studied of flash floods prediction. Flash floods
cause some of the most severe natura disasters .The complexity of flash flood
generation processes and their dependency on different factors related to watershed
properties and rainfall characteristics make flash flood prediction a difficult task.
They used an uncalibrated hydrological model to ssimulate flow events. The model is

based on the weal-known SCS curve number method for rainfall-runoff calculations
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and on the kinematic wave method for flow routing. Existing data available from
maps, GIS and field studies were used to define model parameters, and no further
calibration was conducted to obtain a better fit between computed and observed flow
data The model rainfall input was obtained from the high temporal and spatial
resolution radar data adjusted to rain gauges. The model shows a generally good
capability in predicting flash flood peak discharge in terms of their genera level,
classified as low, medium or high (all high level events were correctly predicted). It
was found that the model mainly well predicts flash floods generated by intense,
short-lived convective storm events while model performances for lowland moderate
flows generated by more widespread winter storms were quite poor. The degree of
urban development was found to have a large impact on runoff amount and peak
discharge, with higher sengitivity of moderate and low flow events relative to high
flows. Flash flood generation was also found to be very sensitive to the temporal
distribution of rain intensity within a specific storm event.

Khatibi (2011) used historical data to model these transitions and to explain.
This is a new bottom-up modelling capability based on a set of postulates
integrating:(i) systemic thinking where systems are effected by four types of feedback
loops to be described in the paper, which include positive/negative feedback; and (ii)
evolutionary thinking, where each feedback loop is associated with a “‘risk mindset.”
These mindsets can undergo evolutionary transition from one to the next and the
transition is largely driven by natural selection. After an evolutionary transition, lower
mindsets do not necessarily disappear but can adapt and coexist with higher order
loops. Based on the insight gained, the paper argues that (i) as the loops coexist

pluralistically, systems increase in their complexity; (ii) there may be unexpected
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dynamic behaviors when a system isinteracted with different types of feedback 1oops;
and (iii) currently, these dynamic behaviors are overlooked, suggesting possible
loopholes, bottlenecks or barriers and hence the motivation.

Jothityangkoon et al. (2013) studied of the assessing the impact of climate
and land use changes on extreme floods in a large tropical catchment. They concern
about the safety of large dams designed and built some 50 years ago. In this study
distributed rainfall-runoff model appropriate for extreme flood conditions is used to
generate revised estimates of the Probable Maximum Flood (PMF) for the Upper Ping
River catchment in northern Thailand, upstream of location of the Bhumipol Dam.
The model has two components. a continuous water balance model based on a
configuration of parameters estimated from climate, soil and vegetation data and a
distributed flood routing model based on non-linear storage discharge relationships of
the river network under extreme flood conditions. The model is implemented under
several alternative scenarios regarding the Probable Maximum Precipitation (PMP)
estimates and is also used to estimate the potential effects of both climate change and
land use and land cover changes on the extreme floods. These new estimates are
compared against estimates using other hydrological models, including the application
of the origina prediction methods under current conditions. Model simulations and
senditivity analyses indicate that area reasonable Probable Maximum Flood (PMF) at
the dam site is 6,311 m%/s, which is only slightly higher than the original design flood
of 6000 m%/s. As part of an uncertainty assessment, the estimated PMF is sensitive to

the design method, input PMP, land use changes and the flood plain inundation effect.
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Daungthima and Hokao (2013) studied of the Analyzing the Possible

Physical Impact of Flood Disasters on Cultural Heritage in Ayutthaya, Thailand. They

was reviews of disaster vulnerability factors, found that the most crucial factors may

be organized as six groups of factors which are: topography, slope, density of

building, distance from the river, drainage system and soil type, and distance to road.

Topography refers to current elevation and surface water flow paths. Slope refers to

upstream source of flooding, flood susceptibility and overflow sensibility. Density of

building refers to land value per floor space and land use. The distance from the river

refers to distance of area flooding risk to river. Drainage system and soil refer to

vulnerable community and critical, soil erodibility, soil drainage, soil moisture, soil

scape in fragile environmental balance and soil composition. Distance to road refers

to distance of historical sitesto road.

Table 2.1. The disaster vulnerability factors

Factors Detail of factors
Topography Current elevation
Surface water flow paths
Slope Upstream source of flooding

Density of building

Distance from
theriver
Drainage system
& Soil

Distance to road

Flood susceptibility
Overflow sensibility

Land value per floor space
Land use

Areaat risk from flooding

V ulnerable community and critical infrastructure
Soil erodibility

Soil drainage

Soil moisture

Soil scape in fragile environmental balance

Soil composition

Distance of historical site to road
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Mongkonkerd et al. (2013) determined flood risk not only by vulnerability but
also by characteristics and coping capacity to flood exposure. Therefore, the risk of
flood is based on three crucia elements which are related as shown in equation 2.15

(the formula of flood risk).

Vulnerability x Characteristic
Coping capacity

Flood risk = (2.15)

The best ways to reduce flood risk are reducing vulnerability and increasing coping
capacity, which is a core common component of flood risk management. Figure 2.10
and Figure 2.11; show the elements of flood risk which depend on vulnerability,

frequency of damage, the ability of local people to cope with flood as follows:



Figure 2.10 The components of flood risk (Daungthima and Hokao., 2013)

Figure 2.11 The reduction of flood risk (Daungthima and Hokao., 2013)

50
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Vulnerability refers to circumstances of a community or asset that make it
susceptible to the damaging effects of a flood. There are many aspects of
vulnerability, arising from various physical, social, economic, and environmental
factors. Examples may include construction of buildings, inadequate protection of
assets, lack of information and awareness.

Characteristic refers to natural disaster occurrence, frequency of damage,
duration and maximum water level.

Coping capacity is the ability of people in the community to face and
manage the flood using available skills and resources. The capacity to cope requires
continuing awareness, resources and good management, both in normal times as well

as during crises or adverse conditions.
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CHAPTER I11

DATA AND METHODOL OGY

This chapter describes the materials and methodology of risk mapping.
Conceptual framework of the research is shown in Figure 3.1. Table 3.1 is represented
physical datafor basin in the study area. Upper Mun river basin consist of 6 subbasins
shown in Figure 3.2 to demonstrate primary collected data, Lam Takong subbasin is

chosen to represent methodol ogy process.

3.1 Data preparation

3.1.1 Physical characteristic of study area
Digital Elevation Model (DEM)
The topography of land surface substantially influence on the magnitude and
dynamics of surface runoff. To illustrate the shape of land surface, DEM can be used
to generate topographic map. The Digital Elevation Model (DEM) (Figure 3.3)
contains spatially distributed elevation information to alow an automatic delineation
of watershed boundary. Topographic maps from the Royal Thai Survey Department
(RTSD) at the scale 1:50,000 and 1:4,000 are used to generate DEM. The relevant
parameters can be generated from DEM: slope, flow direction, flow accumulation and
stream network. In general, increasing level of spatial resolution can increase the
accuracy of the smulated results. Values assigned to any grid cell represent an

average value over anumber of grid elements.
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Figure 3.2 Upper Mun River Basin
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Table 3.1 List of subbasins of upper Mun River Basin and their properties

Sub-basin no. Sub-basin name Area(km?)  Stream Length (m)
1 Upper part of Lam nam mun 2,811 224
2 Lam sae 1,197
3 Lam phra phlong 2,277
4 Lam takhong 3,315 220
5 Lam chiang krai 2,617 178
6 Lam Chak karat 1,642
Total 13,859 -

Table 3.2 Data types agencies and available records for upper Mun River Basin

Data type Agency

Period of time

Digital Elevation
Land Development Department (LDD)

Model

Land use Land Development Department (LDD)
Stream network Land Development Department (LDD)
Rainfall Thai Meteorology Department (TMD)
Wesather Thai Meteorology Department (TMD)
Runoff Royal Irrigation Department (RID)
Sail Land Development Department (LDD)

Department of Groundwater Resources
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Land use and Land cover

Land use and Land cover data are required for rainfall-runoff processes
and flood assessment because they indicate the activities on land with different level
of flood risk. The digital land use data on scale of 1:50,000 and 1:4000 were obtained

from Land Development Department (LDD) in 2008. Five land use types are used in

this study (Table 3.3).

Table 3.3 List of land use type and its area for Lam Takong River Basin

Land usetypes Area (km?) % of total area
Agricultureland (A) 2,022 61
Forest land (F) 675 20
Urban and built-up land (U) 400 12
Miscellaneous land (M) 158 5
Water Body (W) 60 2
Total 3,315 100
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3.1.2 Hydrological and Geological data

To obtain accurate a real rainfall for the whole basin, rainfall
datafrom a number of rain gauges are required to capture the variability of rainfal in
the watershed. In this study in Lam Takong River Basin, rainfall data were collected
from 8 stations (Figure 3.6) located within and around the watershed by Thai
Meteorology Department (TMD). The runoff data are obtained from Royal Irrigation
Department (RID). These data were used for calibrate and validate model parameter. For
soil data, there are two main properties to be considered: effective depth of soil layer and
soil texture (in term of the soil porosity). Soil data was obtained at the scale of
1:25,000 from LDD. These data were mapped based on original data extracted from 360
boring log of ground water wells (surveyed the Department of Groundwater Resources
(DGR) within the Lam Takong area. The effective soil depth for each well is defined as
distance from ground to the bedrock level of the well. The porosity will be calculated
from the average porosity value of relevant soil textures found at each. Knowledge of
effective soil depth and soil porosity data can be used to calculate soil water storage for

water balance mode.

3.1.3 Surveying and collecting data
Surveying data consist of channel cross section, channel
profile, inundation area and floodplain characteristics. Collecting data consist of a
simple and accurate method of collating and displaying the relevant extent and level
information. After the data has been collected. It was used to produce a map of the
flooded area, with peak flood levels at particular locations, if available. A brief
accompanying report can detail additional information such as flood mechanism, time

and duration of flooding, emergency response and estimated damage. Data and
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information on historic flood events is essentia to identify where flood risk
management measures are required and to efficiently design the most effective system
for mitigating the risk. This data is also of benefit to local authorities and other state
agencies in functions such as land-use planning, developing the emergency response

to future flood events, and assisting in the development of flood map model.

3.2 Construct theflood hazard map model

This part contributes to generating of flood maps for study area during
October’s flood 2010 based on the simulated flood hazard map. A flood hazard map is
simulated by flood map model (Hec-RAS V.5) which is developed from geometric
data with ArcGIS/Erdas software packet. The simulated flood hazard map are
compared with the observed flood hazard map (of the same event) calibrated with
surveying data and collecting data. The result to be re-developed until outcome is
significant and acceptable. If the result of flood extent map is acceptable, the product
can use for generate flood map process. Flood map is assumed as the flood scenarios
(Rain freguency, Land use change and Climate change) and flood management

(Diversion channel and Retention basin) for generating the flood map.
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3.3 Development of the flood risk model

The purpose of flood risk such assessment is to identify the areas within a
development plan that are at risk of flooding base on factors that are relevant to flood
risks. Flood risk model was developed by flood map from previous step using GIS
raster index model. An index model calculates the index value for each unit area and
produces a classified map based on the index values. An index model is similar to a
binary model in that both involve multi-criteria evaluation and both depend on map
overlay operations in data processing. The concept of risk has variable meaning
according to the context in which it is employed and, for that reason, the adopted
interpretation must be elucidated prior to any analysis. In engineering, risk is divided
in two basic components. one related to the probability of occurrence of a hazardous
event and another regarding its consequences. Concerning flood risk, in particular,
this is the definition mostly accepted being. Multi-criteria anaysis enables a
combined assessment, in which aspects of different natures and its relative importance
are taken into account without the need of monetary valuation, this approach is
recommended for the analysis of flood risk. Indices are an example of multi-criteria
analyses and are especially useful and well suited to aid the resolution of decision
problems. It is a way to combine information associated to indicators of distinct
natures and significances, translating them into a single value. This effect, which must
be representative of a real situation, means to reproduce the joint effect of the set of

indicators. The properties that characterize an index include:
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Range - defined by its maximum and minimum extremes, which comprise al the

values the index can assume.

Formulation - the mathematical expression that represents the relationship between

the set of indicators, which compose the index.

Constitution - the set of indicators that compose the index.

Domain - the space sphere (local, regional, global, etc.) where the index is

applicable.

The proposed Flood Risk Index (FRI) will be developed according to these

concepts and its properties.



CHAPTER IV
THE DEVELOPMENT OF A SIMPLE DISTRIBUTED
HYDROLOGICAL MODEL BASED ON UP-SCALING

FROM PIXEL TO CATCHMENT SCALE

41 Summary

Spatial units used in the modeling are rectangular grids with 30m-resolution
grouped into hillslope and channel pixels. For each hillslope pixel, a simple two-layer
soil model is used to simulate the dynamics of soil-water between unsaturated and
saturated zones. Soil column of each pixel receives water in form of infiltration into
unsaturated zone from precipitation, lateral overland and subsurface discharge from
neighboring upstream pixels. It loss water through evapotranspiration and lateral
overland and subsurface discharge to downstream pixel. Water column moves out of
the grid in only one direction, depending to the steepest slope. Runoff generation is
estimated at every pixel including Horton Overland Flow (HOF), Dunne overland
flow (DOF), Subsurface Storm Flow (SSF) and infiltration excess runoff given by the
Green-Ampt method. The upstream-downstream aggregated interaction of
hydrological processes through the catchment scale forming of DOF, SSF and partial
saturation area which occurs in the river network. Advantage of this approach is
simple, tractable and computationaly efficiency that we can carry out for multiple

redlization of climate- soil- topography combination. This model will be used to
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simulate the effects of different combination of climate, soil, and topography on the

runoff generation processes through hypothetical catchment and climate combination.

4.2 Introduction

Infiltration excess runoff (or Hortonian Overland Flow, HOF), saturation
excess runoff (or Dunne Overland Flow, DOF) and Subsurface Storm Flow (SSF) are
the three main and well-known runoff generation processes occurring in headwater
catchments (Horton, 1933; Dunne, 1978). Dunne (1978) explained that the relative
dominance of given runoff generation mechanisms is controlled by the combination
of climate, soil, vegetation and topography. However, this holistic conceptual
illustration of climate and landscape controls on runoff generation processes is still
explained in a qualitative way. A quasi-distributed model based on TOPMODEL
concepts (Beven and Kirkby, 1979) is used to investigate the relative dominance of
Hortonian and Dunne overland flow mechanisms (Sivapalan et al., 1987; Larsen et d.,
1994; Robison and Sivapalan, 1995). Their work was limited to two mechanisms and
operated at event scales, and could not include the effect of antecedent condition and
the effect of all conditions of catchments (e.g. steep topography or complex
subsurface as assumed in TOPMODEL). Severa studies applied semi or fully
distributed catchment mode! in actual catchments that includes all three mechanisms
of runoff generation. Mirus and Loague (2013) used a physics-based coupled surface
and subsurface model, InHM, to investigate climatic and landscape controls on runoff
generation. Carrillo et a. (2011) aso used a physics-based model, hsB, to perform
regressions of calibrated parameters associated with vegetation cover, demonstrating

the role of vegetation in the co-evolution of catchment properties with climate. Torch
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et al. (2013) extended this model to show the response and adaptation of vegetation to
climate difference reflected in the long-term water balance exhibited by catchment in
respected to Budyko curve. Li et a. (2014) developed a simple distributed hydrologic
model to simulate the effects of different combinations of climate, soil, and
topography on the runoff generation processes. Limitation of available observed data
from highly instrumented catchments and most parameters are obtained by
calibration. This prevented the ability of these models to apply to a large population
of sites and catchments to obtain general knowledge on what are underlying physical
controls on the runoff generation processes. Inspired by the work of (Li et al., 2014),
the aim of this study is to further develop the simple distributed modd that could
investigate the combined effect of climate, soil, vegetation and topography on the

runoff generation processes at the catchment scale in a quantitative way.



71

4.3 Methodology

A schematic illustration of the model is shown in Figure 4.1. Brief description

of the procedure for runoff generation simulation are as follows:

Hortonian
overland flow

Precipitation

Streamflow
Water table

Evaporation from
saturated areas

Dunne Infiltration

overland flow

Evapotranspiration
from unsaturated areas

™~ Subsurface
recharge

Streamflow

Subsurface Saturated area

storm flow ~

Figure 4.1 Conceptual description of the hydrological processes

in hillslope pixels (Li et a., 2014)

(1) The spatial units are DEM pixels grouped into hillslope pixels and channel pixels.
Soil depth and soil hydraulic properties (hydraulic conductivity, porosity etc.) are
assigned to each pixel.

(2) For every pixel and every time step, HOF is estimated based on local infiltration
capacity given by Green-Ampt method (1911). Later on soil moisture content is

changed and the other two runoff generation mechanisms are possible: DOF and SSF.
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(3) A ssimple two-layer soil model is used to simulate soil-water processes both in
unsaturated and saturated layers.

(4) Overland flow is routed to downstream pixels at open channel velocity estimated
by Manning’s equation and subsurface is routed downstream at a subsurface velocity
given by Darcy’s law. Apart from river network geometry and soil depth,
heterogeneity of other parameters is ignored such as soil properties, vegetation
pattern, preferential pathways on the surface and in the subsurface. The details of the
model and description of procedure and underlying equation and concepts are

provided as following.

4.3.1 Soil-water moisture and water balance

To represent the dynamics of soil-water moisture in the pixel, a water
balance equation can be applied at the pixel scale. In this study, the soil-water
moisture in the soil column is divided into a ponding, unsaturated and saturated zone.
Saturated soil-water moisture in the saturated zone is below the water table in the soil
column. There are exchanges between the saturated zone and above unsaturated zone
through capillary action and allow the retention of water in the unsaturated zone.
Given the depth of unsaturated zone, the steady-state soil moisture profile in the

unsaturated zone can be estimated by,

q(Z):f(D‘;_Z +1J_ (4.1)

a

Where q(z)is soil moisture in the soil column with a depth Z from the ground

surface, y , is bubbling pressure head, and | is the pore-size distribution index
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(Brooks and Corey, 1966). The average soil moisture in the unsaturated zone can be

estimated by integrating Equation (4.1),

1-1
q‘zlil 3[’)6‘ [[5 +1J 1} (4.2)

Thetotal soil water storage is given by,

Sotal = Dusa + Dsf (43)

Where D is variabledepth of the unsaturated zone, D, is variable depth of the
saturated zone and summation of D, and D, is the local soil depth (D),q is the

average soil moisture in unsaturated zone, and f is the effective porosity of the soil.

ds, .
S —| — — gt —e 4.4
dt I Qf qse qss ( )
Dus = (D > Ds) /CT (45)

Where S, is soil-water moisturein saturated zone (=D_/f ), i is precipitation rate,
g, isinfiltration excess runoff, q, is saturation excess runoff, g is subsurface storm

flow and e is evapotranspiration rate. Equation (4.2) (4.4) (4.5) are solved for a new
set of S, D, D, q , which satisfy the water balance condition. The new set of these

parameters will be used for the next time step to estimate infiltration, evaporation and

runoff generation.
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4.3.2 Evapotranspiration
During inter-storm period, evapotranspiration is assumed to occur in
three types with sequential order from surface unsaturated and saturated zone of the

soil. Evaporation from water on the soil surface (if exists) is given by,

e, if d, >eAt
e = _ (4.6)
d,/At if d, <e,At

Where d,, isthe local depth of surface water and e, is the potential evaporation rate.

If soil moisture is available for evaporation in the unsaturated zone of the soil column,
evapotranspiration is given by,

a ; -
o - (ep—es)Frf— if DO z(ep—ess)At 4.7)

S D,.q /At if D < (e, - e At

Where F. isthe fraction of roots zone in the soil column, assumed to be unity. If soil

moisture is still available for evapotranspiration in deeper saturated zone of the soil

column. This evapotranspiration is given by,

(S)

'sat

:{O if D.q > (e, —eSS)At} 48)

(ep —e )-Dg /At if D < (ep —e At

Potential evaporation demand is fully satisfied when the water table is close to the
ground surface or soil surface is saturated during ponding period. Total

evapotranspiration from all three zones will not exceed the potential evaporation rate.
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Figure 4.2 Schematic diagram of the pixel-based model structure

of single soil column

4.3.3. Runoff generation process

Horton Overland Flow (HOF), saturation excess or Dunne Overland Flow
(DOF), Subsurface Storm Flow (SSF) are three mechanisms of runoff generation
processes. HOF occurs in a pixel when rainfall intensity exceeds the infiltration
capacity. The dynamics of soil moisture in the unsaturated zone influence infiltration
rate are estimated by using the Green-Ampt equation. DOF occurs in any pixel when
the soil column is completely saturated from bottom, and forming the variable
contributing area from a number of saturated pixels. Subsurface storm flow is
generated from saturated zone of the pixels governed by saturated soil depth and

downstream hydraulic gradient. At the same time, if the soil column receives water
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more than lost it, saturated zone in the soil column may increase through the ground
surface to generate DOF. In this situation, DOF and SSF are co-exist processes

(Figure 4.2).

4.3.4. Routing processes at the pixel scale

The soil column of each pixel receives external water including lateral
overland flow and subsurface discharge from neighboring upstream pixels. Routing
of both surface and subsurface runoff is carried out based on two assumptions (1)
outflow from each pixel will not be affected by inflow water over a short time step,
(2) there is only one direction for outflow from each pixel, corresponding to the
steepest slope with constant velocity (u), whereas there are 7 possible directions for
inflow from its neighboring upstream pixels. Figure 4.3 presents outflow of pixel A,
B, Ginto pixel E and only one outflow of pixel E into pixel I.

Over a short time interva (At), the volume of outflow from the grid is
u-At-Ax-h equal the change of storage volume in the grid, Ah-Ax-Ax, where Ax
is grid size in square shape, h is the water depth in the grid, Ah is the change of
water depth. Integrating over At, the volume of outflow of agrid to downstream grid

is,

AV = h(l— exp(— u -ﬂnsz (4.9)
AX

This routing scheme is applied to both ground surface and saturated zone. Overland

flow velocity are estimated based on Manning ‘s equation as follows:
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u, = % S°hf* (4.10)

Where u,is loca velocity of overland flow, n is Manning ‘s coefficient, S;is the
local surface slope and h, is the surface water depth. Manning n for hill-slope pixels

is0.1 for grass/pasture range and is 0.06 for channel pixels.

Surface velocity is given by Darcy ‘s velocity as follows:
ug =k.S (4.11)

Where S, islocal bedrock slope, k,is saturated hydraulic conductivity. We assume

that subsurface water flows across pixels in only the saturated zone with water table

slope parallel to the bedrock slope.
O = U A=Kk Ss.(t)dx/ dx (4.12)

Where q. is subsurface flow with the unit in L/T, s (t)is soil-water moisture in

saturated zone and dx is pixel sizein m.

Finally, runoff from HOF, DOF and SSF reach the stream network and then is
routed downstream through the channel pixels forming river network. The river
network is assumed to be rectangular, width of the channel is estimated based on the

hydraulic geometry relationship (Menabde and Sivapalan, 2001):
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W = aA® (4.13)

Where A is the upstream catchment area corresponding to each river pixel at the
catchment outlet, b is a constant parameter, which is 0.45, and a is a coefficient

which can be adjusted to provide appropriate channel widths.

A B C
102 101
] | 103
b I
L
. |
& |
|
D .1 E|F
ﬂ\!/
101 100 102
-~
/’/ e
7 R
G .7 | H \\\ |
P
. N
il 102 g5

Figure 4.3 Multi inflow directions upstream of pixel E and only one outflow direction

from pixel E depending on its elevation (100)

4.3.5. Topography
The topographic structure of a catchment is an important control on the
dominance of runoff generation mechanisms. Overall steepness of the hillslope is
chosen for this study which is the most dominant control compare to the other
distribution of hillslope including convergence/divergence and convexity/concavity.

A single redlistic catchment is used to create new virtual catchment based on the 30 x
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30 m DEM for a small catchment (4,019 pixels, 3.62 km?) located in Lam Ta Klong
River Basin, Nakhon Ratchasima province, Thalland. Three types of Slope
distribution (flat, medium, steep) are generated by multiplying the original pixel slope
by afactor.
4.3.6 Soil properties

Required soil properties for the model including saturated hydraulic
conductivity, soil depth, effective porosity, wetting front soil suction head, bubbling
pressure and pore-size distribution index. These properties vary in space and in
multiple scales, and its variability can control the response. Only the first-order
control of soil texture is chosen to investigate and leave the other effects to be
considered in future research. Soil hydraulic properties are varied according to three

texture classes: sand, silt loam and clay loam. Variation of soil depth (Z,) is assumed
to be alinear function of the topographic wetnessindex (In(a/tanb)) (Stieglitz et d.,

2003).

Z,=Z-@/f)in(a/tanb), —1 | (4.14)

Where ais area drained per unit contour length, b is local slope angle, Z is mean
water table depth (WTD), | is mean watershed value of In(a/tanb ), and f is rate of
decline of saturated hydraulic conductivity with depth in the soil column. The slope
parameter of this function is adjusted to keep the main soil depth over entire
catchment under three representative cases of soil depth: shallow, medium and deep

with 1.0, 2.5 and 4.0 meters, respectively.
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44 RESULTSAND DISCUSSION

Figure 4.4 presents simulated results from an infiltration model based on
Green-Ampt equation to estimate excess rainfall hyetograph or HOF if the total

rainfall of 11.37 cm. falls on a sandy loam soil (K =1.09 cm/h, y =11.01 cm and q,

=0.412) of initial effective saturation 40%.
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Figure 4.4 Estimation of Hortonian overland flow based on Green-Ampt equation
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Model results of water balance in a soil column of pixel show in Figure 4.5.
Testing soil is sand with effective porosity = 0.417, bubbling pressure = 0.0726 m,
pore-size distribution index = 0.694, hydraulic conductivity = 10°® m/s, soil depth = 1
m and surface slope = 0.10. Climate regime is generated with annual rainfall = 1,000
mm, annual potential evaporation = 500 mm, number of storm = 90 events/year,
average rainfal intensity is 0.673 mm/hr. Simulated results in Figure 4.5 shows only
4 input storm events in steady state condition when initial and final saturation soil-
water storages are equal. Figure 4.5(b) presents accumulated input and output from
soil column of the pixel. Model results in Figure 4.5(b) indicated that HOF hardly
coexist with DOF and SSF, very little HOF is generated under condition that supports

DOF and SSF.
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Figure 4.5 Water balance of input and output water from a pixel

Figure 4.6(a) shows topographic map of origina DEM from Lam Ta Klong River
Basin, the range of soil surface elevation is between 370 to 842 m. If combined
overland flow from each pixel is 10 mm/h with duration 10 h, average soil depth = 2.5
m, K =10*m/s, At=10min,Z=2m, f =1and | =5.38 (for Equation 10). Hillslope
and channel routing are carried out with the sequence of its elevation from upstream

to downstream, providing downstream discharge at each pixel. For channel geometry,
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parameters in Equation (13)a =25 and b=0.45. Figure 4.6 (b) presents discharge
hydrograph (in mm) from pixel No.1 the most upstream pixel, pixel No.1652 (344
grids, 0.31 km?), pixel N0.3104 (1814 grids, 1.63 km?), pixel No. 3806 (3590 grids,
3.23 km? and the outlet of the basin, pixel No.4019 (4018 grids, 3.62 km?).

Attenuation of downstream hydrographs show realistic manner.

45 CONCLUSIONS

A simple distributed hydraulic model is developed at the pixel/soil column
scale and upscale to implement at the catchment scale. Applied water balance
concept within the pixel and downstream interactions between each pixel alow the
runoff generation by three mechanisms: HOF, DOF and SSF. Based on an actual
building block of selected DEM, the model can be parameterized for a large set of
hypothetical catchments and input climate events. Simulation results are received
when all processes are driven to reach a periodic steady state by a sequence of
identical climate events. In the next step, this model will be used to investigate the
climate, soil and topographic controls on annual water balance in a qualitative way to

define dimensionless functional relationships.
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CHAPTER V
FLOOD HAZARD MAPPING USING ON-SITE
SURVEYED FLOOD MAP, HECRASV.5 AND
GISTOOL: A CASE STUDY OF
NAKHON RATCHASIMA MUNICIPALITY,

THAILAND

51 Summary

For a small flood affected area, satellite data normally provides physical
properties of flood event with low accuracy information (location and boundary).
Flood depth and flood duration cannot be identified from a snapshot of satellite
image. Therefore, on-site surveying of historical flood properties and its impact are
still essential and this observed flood map is redlistic and reliable information for
future flood management. The objective of this study is to constructing flood hazard
map from available observed flood map of the small flood affected area and use HEC-
RAS V.5 and GIS tool to formulate flood hazard map for future scenarios. This
method was applied for the municipality of Nakhon Ratchasima, Thailand. For a
simulation, input physical parameters were generated by Hec-GeoRAS in ArcGIS
based on DEM (5%x5 m?). A range of calibrated Manning’s n in a main channel was

obtained from fitting exercise with observed Rating curve. Land-use map was used to
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estimate the Manning’s n in floodplain depending upon the type of land cover.
Simulated results were exported to ArcGIS to delineate water surface on floodplain.
Then, the maximum discharge value at the observed station (M.164) for return periods
of 5, 10, 15, 25, 50, and 100 years were used as upstream input flood to simulate the
flood map. It is found that, for the 2010 flooding event in the concerning area, the
simulated flood hazard map subjected to the discharge of 50 years (=217 m?s) return

period which is amost identical with the observed flood map from the surveying.

5.2 Introduction

Floods can be considered as the most important natural disaster with higher
frequency of occurrence higher than any other natura disaster and affecting more
people than the other natural hazards together (ARDC, 2009). Floods are related to
socia—civil conflicts (Ghimire et al., 2015) environmental problems (Jiaand Wenjiao,
2015) and economic losses (Aerts and Botzen, 2011). Floodplains can be defined as
the areas that are periodically inundated by the overflow of river (Maskong and
Jothityangkoon, 2013). In 2010, Nakhon Ratchasima province received excessive
rainfall in successive day during 14 — 16 October 2010. A maority of the floodplain
areain Nakhon Ratchasima province suffered from this serious flooding event. Heavy
rains caused a large amount of runoff flow into both upstream and downstream of all
reservoirs in Nakhon Ratchasima province including Lam Takong and Lam Prapleng
Dams. With ongoing water flowing into these reservoirs until excess its capacity, the
water level was higher than the level of emergency service spillway which in turn
causes severe uncontrolled flood flow into many municipalities downstream.

Moreover, most of water flow rapidly over lands into the canal and combined with the
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overflow water from many dams. The combination of these events caused widespread
flooding on the floodplain in lower basin, including Muang Nakhon Ratchasima
district, Pukthongchai district and Chaloemphrakiat district, etc. Flood water from
tributary of Mun River was drained slowly into Mun River because the water level in
Mun River was higher than the water level in tributary canals and there are a lot of
obstructions in the canal which resulted in reducing flow speed (Kongjun and
Noypairoj, 2011; Ponsan and Panchana, 2011; Reports of Members on the Impact of

Tropica Cyclones, 2011).

The river flood modelling is atool for evaluation and prediction of river flood
risk in different scenarios. River flood risk modelling comprise of hydrological
modelling, hydraulic modelling, river flood visualization and river flood mapping
(Alaghmand, 2009). A flood hazard map is a graphical representation of flood
inundation (inundation depths, extent, flow velocity etc.) expected for an event of
given probability or severa probabilities (APFM, 2013). The flood hazard map will
help responsible authorities to target on the area with higher hazard where flood
mitigation plans have to be effectively implemented. The flood hazard map will give
public tangible imagery of its impact on their community. Flood hazard maps will not
prevent floods from occurring, but they are an essential tool for warning and
mitigation the damage of property and loss of life caused by floods, and for
communicating flood risk. Nowadays, hydraulic simulation tools are available to
model channel discharge and flooding in floodplains with 1D and 2D approaches. The
Hydrologic Engineering Center River Anaysis System (HEC-RAYS) is free software
with a friendly graphical user interface that was successfully used for flood studies

(US Army Corps of Engineers, 2014; Knell et al., 2005; Lian et a., 2013;
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Mohammadi et a., 2014), commercial software packages are widely used and
distributed such as FLO-2D to simulate floods and flows (FLO-2D software, 2016)
and the MIKE packets modelling tools (DHI Group, 2016). One of the most popular
hydraulic models is HEC-RAS which announced and released its new HEC-RAS
version 5 with 2D capabilitie is a great innovation for flood studies (Brunner, 2014).
The Flood map event was simulated by the 2D of the HEC-RAS 5 beta that shows
good performance when compare with flood extent regidtered by satellite images
(Moya et a., 2016). Furthermore, HEC-RAS has more accurate results of river flood
map (flood extent and water depth) in comparison with MIKE11 in urban area. In
recent years GIS integrated modelling application have been made to integrate
hydraulic models and GI S to facilitate the manipulation of the model output which led
to the establishment of a new branch of hydraulics and hydrology. There are strong
grounds for believing that GIS has an important function because natural hazards are
multi-dimensional phenomena which have a spatial component [Alaghmand et al.,
2013; Congressional Budget Office, 2009; Nakhon Ratchasima City Munucipality,
2016). The flood hazard map can be generated from a variety of tools, for example,
(1) using vertical aerial photographs due to lacking of detailed topographic maps
(Furdada et a., 2008), (2) using a remote sensing and GIS based flood index
(Kabenge et a., 2017), using flood mark data (including flood depth and flood

duration) and analytic hierarchy process (Luu et al., 2018).
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The available flood map in Thailand from Geo-Informatics and Space
Technology Development Agency (GISTDA) can present spatial data of inundation
area and expansion of flood boundary. However, it cannot exhibit high resolution of
flood depth and flood duration (Maskong and Jothityangkoon, 2013). In order to
protect or at least mitigate the effect of flooding problems, physical characteristic of
inundation area combining with consequent impact has to be defined in the form of
flood hazard map. Therefore, this study aims to simulate flood hazard map from the
2010 flood event in Nakhon Ratchasima Municipality using the 2D capabilities of
HEC-RAS V.5 application. The model provides the simulation of the flood extent and

flood depth.

5.3 Study area and dataset

Nakhon Ratchasima Municipality is an urban center of Nakhon Ratchasima
Province, Thailand where is located at the downstream of the Lam Ta Kong River,
which isatributary of Mun River Basin. The length of main stream of river is 17 km,
and study area is 37.5 km? shown in Figure 5.1. The observed daily discharge data of
the Lam TaKong River at station M.164 is provided by Royal Irrigation Department
of Thailand. Mean annual rainfall is 1,373 mm and contributes to 510 x 10° m® of the
total average annual runoff. Figure 5.2 shows that magority of the areas are urban and
built-up land-uses, where the population is approximately 136,153 people (Nakhon
Ratchasima City Munucipality, 2016). The geographic data based on the digita
elevation model (DEM) from the Land Development Department of Thailand has a
grid cell size of 5 x 5 m? demonstrating elevation between 172.6-204.6 m.MSL,

shown in Figure 5.3.
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54 Methodology
The methodology for mapping a flood hazard map (shown in Figure 5.4) can
be divided into two parts. review of flood and modeling approach for numerical

simulation. Important step of these parts has been described below.

Review of flood experierces
I
v v
Selection of modeling approach
for flood simulation

Observed data

I
v v h 4

Created Geometrics data Rating Curve Historical
(HEC-GeoRAS) 9 flood

A

Simulated flood inundation map
(HEC-RAS)

A i

J/Calibration T«
No \\\

L=
b

\ 4

Maximum
Discharge

\ 4

A

Generated flood map

\ 4

Flood Hazard M ap

Figure 5.4 Flowchart of the study step, which is a conceptual framework

of this study
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55 Review of flood experiences

The lower northeastern part of Thailand was under low pressure groove during
1-19 October 2010. There was continuous heavy rain, especialy in the Khao Yal
National Park and covered very large surrounding areas. The accumulated ared
rainfall was about 450 mm, which was about 40 % of the annual amount. The
maximum 3-day rainfall (14-16 October 2010) in the upstream of Lam Ta Khong
Dam was 180.3 mm, while in the downstream was 211.6 mm. The storage of Lam Ta
Khong Dam and volume in all reservoirs rose very quickly and its downstream was
extensively flooded. The dam operator failed to keep flood water in the reservoir.
Since 17 October 2010, excess volume of flood began to overflow the service
spillway at +277.30 m.MSL (Kongjun and Noypairoj, 2011; Ponsan and Panchana,
2011; Reports of Members on the Impact of Tropical Cyclones, 2011). Previous
study (Maskong and Jothityangkoon, 2013) analyzed water balance of runoff found
that accumulated depth of rainfall and volume of surface water in the year 2010 is
higher than the other years. The severe scaling of flooding problem can be captured in
the form of inundation map. Although, the boundary and location of 2010 flood
inundation area is provided by GISTDA, its accuracy is low for small urban area.
Figure 5 shown the surveyed point of flooding and the flood map obtained from field
surveyed data represents is an inundation area and flood depth of Nakhon Ratchasima
Municipality on 2010 flood event. This map can be developed further to include
gpatia variability of the depth and area and can be used to evaluate the hazard area

and mitigation measures.
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Figure 5.5 The 2010 surveyed point of flooding of Nakhon Ratchasima Municipality

(modified from Maskong and Jothityangkoon, 2013)

5.6 Modeling approach for numerical simulation

A number of hydraulic simulation tools are available to model channel
discharge and flooding in a flood plain with 1D and 2D approaches. One of the tools
is provided by the Hydrology Engineering Center River Analysis System (HEC-RAS)
which is available in public domain. Hence, a new HEC-RAS V.5 model developed
by the United States Army Corps of Engineers (USACE) is used in this study to
simulate the flood event in Nakhon Ratchasima Municipality. The new HEC-RAS
V.5 can solve either the full 2D Saint Venant equations or the 2D diffusive wave

equations.
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Where h is the water depth (m), p and g are the specific flow in the x and y
directions (m/s), ¢ is the surface elevation (m), g is the acceleration due to gravity
(m/s?), nis the Manning resistance, p is the water density (kg/m°), TxTyy and Ty, are the
components of the effective shear stressand f is the Coriolis (s*). When the diffusive
wave is selected the inertial terms of the momentum equations Eq. (5.2) and (5.3) are
negl ected.

In HEC-RAS, the geometric data were imported which were exported from
ArcGIS by HEC-GeoRAS tool. HEC-RAS V.5 can be used either as afully 2D model
or as a hybrid 1D, 2D model when the main rivers are modelled as 1D and the
floodplains are modelled as 2D. Although a hybrid 1D, 2D model tends to be faster
than a 2D model, such 1D, 2D model requires the user to define the connections
between the 1D and the 2D models. Such connections require a prior definition of the

overflow locations (Brunner, 2014).
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The Extreme Value Type | distribution or Gumbel distribution is used to fit
the observed or smulated annual maximum runoff by using below frequency factors

(Chow et al., 1988).

K; :—£{0.5772+In{ln( T ﬂ} (5.9
T T-1
X =X+K;S (5.5)

Where K isfrequency factor, T isreturn period, X, is magnitude of annual
maximum at the given return period, X is mean of annua maximum runoff and s
the standard deviation of annual maximum runoff. For a given specific return period,

the annual maximum flood can be estimated from these equations.

5.7 Resultsand discussion

5.7.1 Observed annual maximum discharge
The observed annual maximum discharge at gauge station (M.164)
was anayzed by Gumbel distributions shown in Table 5.1. The daily discharge
recorded is 123.9 m*/s on 18" October 2010 as around 8 years return period. The
previous study (Maskong and Jothityangkoon, 2013) found that the recorded

discharge were possibly underestimated values. However, it would be a condition data

of the flood simulation.
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Table 5.1 Observed annua maximum discharges for different return periods at M.164

T(year) 2 5 10 15 20 25 50 100

Q(m’s) 52 105 140 159 173 184 217 249

5.7.2 Roughness coefficients (Manning’s n)

The geometric data including stream line, bank stations, cross section
and flow path line were digitized and generated from DEM by Hec-GeoRAS tool in
ArcGIS application. The ratting curve at M.164 on 2010 and 2013 from the Royal
Irrigation Department data were used to calibrate and validate the geometric data
along the river by varying the Manning’s n values. As a result, Figure 5.6 clearly
shows that the n values between 0.020-0.035 (vary with elevation of main channel)
and it provides the simulated rating curve with good agreement to the observed rating
curve as shown in table 5.2. Therefore, these ranged of n values were used as the
suitable physical data of the further simulation. In addition, the n values for the
floodplain consisting of different land-use type were selected based on the observed

and recommended data as summarized in Table 5.3 (Brunner, 2014).
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Figure 5.6 Comparison of Ratting curve between calculated and simulated

Table 5.2 Comparison between calculated and simulated Ratting curve

Vary
Manning’sn 0.020 0.025 0.030 0.035 0.040 0.045
(0.020-0.035)

RM SE 0143 0.127 0.136 0.159 0.189 0.219 0.100
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Table 5.3 The value of the manning roughness (n)

Land use Value

Main channel of river 0.020-0.035

Land use on floodplain

Agriculture land (A) 0.045
Forest land (F) 0.06
Urban and built-up land (U) 0.055
Miscellaneous land (M) 0.05
Water Body (W) 0.04

5.7.3Flood hazard map

Figures 5.7 (a)-(f) illustrate flood hazard map subjected to various
maximum discharges with different return periods (T=5, 10, 15, 25, 50 and 100 years)
as mentioned in previous section. Flood extent for all return periods are shown as a
similar pattern. The floods inundation areas are located at northern part of the river
when the discharge is higher than the maximum capacity of the river (40 m*s) and
extend with increasing discharges. Figure 5.8 represent a comparison of flood depth
between 2010 surveyed depth of flooding and simulated flood depth at annual
maximum discharges for each different return period. The results also show that the
simulated flood inundation areas of flood hazard map subjected to the 50 years return

period (Figure 5.7 (€)) is aimost identical with onsite saurveying flood map.
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Figure 5.7 Simulated flood hazard area at the return periods (a) T=>5 years, (b) T=10 years,

(c) T=15years, (d) T=25 years, (€) T=50 years and (f) T=100 years
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Figure5.7 (Cont.) Simulated flood hazard area at the return periods (a) T=5 years, (b) T=10 years,

(c) T=15years, (d) T=25 years, (e) T=50 years and (f) T=100 years
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Figure5.7 (Cont.) Simulated flood hazard area at the return periods (a) T=5 years, (b) T=10 years,

(c) T=15years, (d) T=25 years, (e) T=50 years and (f) T=100 years
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Figure 5.9 Adjusted hydrograph in 2010 flood event at M.164
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5.8 Correction of flood hydrograph

During 2010 flood event, we suspected that there was an error of recorded
hydrograph at station M.164. Peak discharge of observed hydrograph of M.191
upstream of M.164 was 410 m®/s, whereas peak discharge of M.164 downstream was
too low only 123 m*s (Figure 5.1 and 5.9) (Maskong and Jothityangkoon, 2013).
After successful mapping of the flood hazard map and found that the frequency of
2010 flood event was about 50 year return period. Based on this approach and
simulation, a new hydrograph was generated and compared to recorded hydrograph.
These results confirmed that the recorded hydrograph at M.164 was underestimated
values. To correct this flood hydrograph, the new hydrograph represented by a dash
line in Figure 5.9 was simulated to adjust the peak of observed hydrograph from 123

to 217 m/s.

59 Conclusion

To construct flood hazard map for a small flood affected area such as the
Nakhon Ratchasima Municipality, studying step starts from (1) on-site surveying on
2010 flood event to construct observed flood map (2) applied HEC-RAS V.5 and GIS
tool to receive high resolution geometric data (DEM 5 x 5m?) from HEC-GeoRAS in
ArcGIS application and calibrated value of Manning’s n for simulating 2D flood
inundation extent and flood depth. Simulated flood hazard map based on input
maximum discharge at different return periods confirmed that the simulated flood
hazard area at 50 years return period is aimost identical to 2010 observed flood event.
One more application of the constructed flood hazard map is to correct the relative

magnitude of peak discharges between upstream and downstream hydrographs to
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realistic manner. Maximum discharges for different return periods from HEC-RAS
V.5 were simulated based on the assumption of steady flow condition, therefore
flooding duration of inundation for each grid cells were unable to estimate. From
physical properties of flood characteristics presented by the flood hazard map will be
developed further to construct a flood risk map by formulating flood risk index (i.e.
flood properties, socio-economic factor, land-use) and using GIS raster index model.
The flood risk map can be utilized as atool to identify priority of the areafor planning

of flood prevention, flood mitigation and flood risk management.
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CHAPTER VI
THE DEVELOPMENT OF A GISTOOL APPLICATION
FOR FLOOD RISK MAPPING: A CASE STUDY OF

NAKHON RATCHASIMA MUNICIPALITY, THAILAND

6.1 Summary

A flood risk model was modified from Zonensein et al. (2008) and the GIS
application tool was created for flood risk mapping. Land use change was the scenario
of the flood risk model. The flood depth and flood velacity were the product of flood
hazard map that ssimulated as follow in Chapter V. Land use in each of flood
indicators are included to represent the risk rating in spatial system (1-5 score). The
future Land use was predicted by existed map in CA-Makov model and the result
show the change of flood risk area in different Lansuse from past to future. It was
found that the community and business area are increased from 9.05% and 11.59%
year 2012 to 2022, respectively. Total flood risk area of community and business area
are increased by 38.35% and 9.60% from year 2012 to 2022. Therefore, the flood risk
model is a powerful tool for generating the flood risk map that can be utilized as a
tool to identify priority of the area for planning of flood prevention, flood mitigation
and flood risk management and urban planning. Moreover, the GIS flood risk

application tool is user friendly interface.
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6.2 Introduction

Flood risk map is integration of the potential hazards with the vulnerabilities
of existing or potential economic activities when disclosed to the risk range of flood
probabilities. The flood risk map can be defined as the probability of aloss, and this
depends on three elements including hazard, vulnerability, and exposure. The flood
risk map can be developed by applying average damage values per unit area (per land
use type) on the preliminary hazard maps. However, in the detailed mapping stage,

flood risk maps need high accuracy (APFM, 2013).

6.3 Methodology

6.3.1 Input data
The conceptual framework of the study step for flood risk mapping is
shown in Figure 6.1 and its consists of 3 components: (1) Land use change prediction
(2) Flood hazard map simulation and (3) Flood risk mapping.
From the previous study in Chapter V, the suitable Rating curve (Figure 6.2)
and Hydrograph (Figure 6.3) at runoff station M.164 were simulated from the flood

event. They were used to be unsteady flow condition for simulating a flood hazard

map.
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Figure 6.1 Flowchart of the study step for flood risk mapping
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Figure 6.3 Generated runoff hydrograph for T=50 years (2010 flood event)

The land use maps as shown in Figure 6.4 and 6.5 were the classification of
2012 and 2017 Land use type of Nakhon Ratchasima Municipality, respectively. They
were divided into 6 types including Water, Farm, Road, Empty, Community and
Business. To perform Land use map prediction in the near future, the CA-Markov
model was utilized and the obtained results was used as input data to quantify the
consequent flood scenarios for that particular state of future Land use maps. The
model is the result of integration between two individual modules, the Markov chain
model and CA-Markov model that is available in the IDRISI software. The model can
be used to generate such atransition probability matrix in which it takes two Land use
maps as input data and then produces the output as the future Land use map (Eastman,

20033, 2003Db).
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6.3.2 Flood risk model

Flood risk is defined as the product of the probability and the consequences of
flood event. Both components of risk are affected by multiple uncertainties but can
conveniently divide between assessing the uncertainty associated with probabilities of
the hazard and uncertainty associated with the consequences (the vulnerability). Both
can be mapped individualy, as well asthe joint estimate of flood risk. Different types
of vulnerability might require different types of visualizations. The risk of flood is
based on three crucial elements which are related as the formula of flood risk shown

in Equation 6.1 (Mongkonkerd et a.,2013).

Vulnerability x Characteristic
Coping capacity

Flood risk =

(6.1)

The best ways to reduce flood risk are reducing vulnerability and increasing coping
capacity, which is a core common component of flood risk management. Figure 6.6
and 6.7 show the elements of flood risk which depend on vulnerability, flood
characteristic, the ability of local people to cope with flood as follows.

Vulnerability refers to circumstances of a community or asset that make it
susceptible to the damaging effects of a flood. There are many aspects of
vulnerability, arising from various physical, social, economic, and environmental
factors. Examples may include construction of buildings, inadequate protection of

asseats, lack of information and awareness.
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Characteristic refers to natural disaster occurrence, frequency of damage,
duration and maximum water level.

Coping capacity is the ability of people in the community to face and manage
the flood using available skills and resources. The capacity to cope requires
continuing awareness, resources and good management, both in normal times as well

as during crisis or adverse conditions.

Figure 6.6 The components of flood risk (Daungthima and Hokao, 2013)
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Figure 6.7 The reduction of flood risk (Daungthima and Hokao, 2013)

In this methodol ogy, the probability component of flood risk is associated with
the return period of a river flood event. This feature defines a basic information
required to determine specific characteristics of a flood, such as its depth, land use
type area, velocity. For the sake of simplicity and clarity, it was determined that the
Flood Risk Index (FRI) should be a non-dimensiona vaue, which could range
between 1 and 5 the minimum and maximum risk, respectively (Modified from
Zonensein et a.,2008). Moreover, in order to operate the indicators that compose
flood risk rating, which have varied numbers and units, they must be normalized
beforehand, converting them into a common range. According to the formulation
established next, al indicators have to be adjusted to the same range, assuming values

between 0 and 100.
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The weighed product of these sub-indices results in the FRI, as presented in
Equation 6.1. The weighted summation describes the relationship between the factors
that constitute the sub-indices as show in Equation 6.2 (Zonensein et a.,2008),

Faulkner et a.,2011).

FRI = FP% xC% (6.1)

FRI :{anlfp- QFP}x{ilf-pf} (6.2)

i=1

Where:
FRI (Flood Risk Index) is the ranging between lowest risk and highest risk;
FP isthe sub-index of the flood properties;

C isthe sub-index of the flood consequences;

FP
l;

is i™ indicator for sub-index of the flood properties;

C
|‘ th

is j" indicator for sub-index of the flood consequences;

FP

p"™" istheweighting factor associated with i"indicator of sub-index FP,
0<pP<iland > p™=1
i=1
p¢ isthe weighting factor associated with j™ indicator of sub-index C,

0<p<land > p™=1

i=L
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The risk of flood from the both of flood properties and flood consequences
should be defined by each of the types of land use. In order to quantify the risk, the
Equation 6.3 was modified from Zonensein et a. (2008), al indicators have to be

adjusted to the same range, assuming risk values between 1 and 5.

i=1

{ilipp, pipp}{i‘l?' pf}

FRI = (6.3)

5(n+m)

Where: nis total number of indicators that compose sub-index FP and mtotal

number of indicators that compose sub-index C.

The proposed Flood Risk Index (FRI) was developed according to these
concepts and its properties were previously explained. The optimal of the constitutive
indicators was conditioned by the availability of data, its precison and domain.
Another restriction was that the FRI must be constituted by the minimum set of
indicators proficient of sufficiently characterizing a particular scenario of risk. The
indicators that compose the FRI mean to represent the main affects caused by flood.

The classification of indicatorsis presented below in Table 6.1 to 6.3.



Table 6.1 Classification of the flood depth based on risk rating
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Flood depth (m) lo Risk rating
<0.2 1 Very low
04 2 Low
0.7 3 Moderate
15 4 High
>1.5 5 Very high
Sour ce: Adapted from Reiter (2000) and Chen (2007)
Table 6.2 Classification of the flood velocity based on risk rating
Flood velocity (m/s) " Risk rating
<0.25 1 Very low
0.5 2 Low
1.0 8 Moderate
2.0 4 High
>2.0 5 Very high

Sour ce: Adapted from Reiter (2000) and Chen (2007)
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Table 6.3 Classification of the type of Land use that affected by flood

Land usetype 15 Risk rating
Empty 1 Very low
Farm 2 Low
Road 3 Moderate
Community 4 High
Business 5 Very high

6.3.3 Gl Sapplication tool
Flood risk model tool was created by model builder in ArcGIS. Flood
properties from simulated flood hazard map and Land use change are the input data as
a scenario. Flood risk map is generated by the flood risk model (Equation 6.3) from

GIS application tool that shown in Figure 6.8 and Figure 6.9.
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Figure 6.8 The model structure in the flood risk application tool
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Figure 6.9 The flood risk application tool is applied in ArcGIS

6.4 Result and Discussion

The 2022 Land use map as shown in Figure 6.10 was predicted from 2012 and
2017 Land use map by CA-Makov model. Table 6.4 shows the change of covering
area for different land use types in year 2012, 2017 and 2022 It was found that, in
2022 community and business areas are increased 9.05% and 11.59% from year 2012,

respectively.
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Table6.4 Land use change from past 2012 and 2017 to future 2022 with
different type of Land use
L and use 2012 2017 2022
type km? % km? % km? %
Water 132 3.54 1.22 3.27 119 3.16
Empty 6.9 18.46 5.02 13.43 3.79 10.06
Farm 2.02 54 2.02 54 2.02 5.35
Road 1.02 2.72 1.02 2.72 1.02 2.7
Community 13.48 36.1 14.35 38.41 14.7 39.55
Business 12.63 33.78 13.74 36.77 14.15 39.17
Total 37.37 100 37.37 100 37.37 100
z N 2022 Landuse Map of Nakhon Ratchasima Municipality I |
’E- W : E e ; ,.!; _;3
- I" Yy - e \\; - ,I:.I_." s
£ "'31’ Cary- 2 I;gcr:i o Landuse Risk Ratir-lg. z
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Figure 6.10 The 2022 Land use map of Nakhon Ratchasima Municipality
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The flood hazard maps of years 2012, 2017 and 2022 based on Land use
change were simulated by flood hazard model using an unsteady condition flow and
geometrics data from Chapter V. The indicators of flood properties (The flood depth
and flood velocity) are product of flood hazard map, shown in Figure 6.11 and 6.12.

They are flood properties of year 2022 for Nakhon Ratchasima Municipality.

Iﬂ.?."i‘;'ﬂ'l.' IO.”'E'H"L' IfJE"~ll'ﬂ"I;' ]02"‘]_"“"L'. ‘.03"‘5\'11"L- 1[?2"]’."1]"L‘, ID}’?'O"L;
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Figure 6.11 The 2022 classification of simulated flood depth at the return periods

50 years based on risk rating scale for Nakhon Ratchasima Municipality
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Figure 6.12 The 2022 classification of simulated flood velocity at the return periods

50 years based on risk rating scale for Nakhon Ratchasima Municipality

The Flood Risk map as shown in Figures 6.13, 6.14, and 6.15 were ssmulated
from 2012, 2017 and 2022 flood indicators data by Flood risk model. Tables 6.5, 6.6
and 6.7 show the risk area for different land use in year 2012, 2017, and 2022,
respectively. The total flood risk area of business, community and road zone are

increased 38.35%, 9.60% and 8.08%, respectively from years 2012 to 2022.



Table 6.5 Therating risk areain year 2012 for different Land use types
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Landuse Total Ratingrisk area ;I'Ig'ﬂ
type area 5 4 3 2 1 area
km?)  (km’)  (km?) (km?) (km?) (km’)  (km?)
Business 12.63 1241 0 0.758  0.725 0 2.72
Community  13.49 0.62 0.491 0.64 0.666 0 242
Empty 1.02 0.06 0.092 0102 0122 0.089 0.46
Road 2.02 0 0.005 0005 0.012 0.002 0.02
Farm 6.9 0 0 0815 1.057 1.128 3
Water 1.32 0 0 0 0.379  0.256 0.64
Total 37.38 1.92 0.588 2.32 2.961 1.475 9.26
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Table 6.6 Therating risk areain year 2017 for different Land use type

Landuse Total Ratingrisk area Total
flood
type area 5 4 3 2 1 area

(km?) (km?) (km? (km?) (km?) (km?) (km?

Business 13.76 1.627 0.177 0.92 0.856 0 3.58
Community  14.39 0.719 0523 0677 0.692 0 261
Empty 0.93 0.08 0.054  0.068 0.09 0.085 0.38
Road 2.02 0 0.005 0005 0.012 0.005 0.03
Farm 5.02 0 0 0.656 0835 0.584 2.07
Water 1.26 0 0 0 0.352  0.242 0.59

Total 37.38 2.425 0759 2326 2837 0915 9.26




Table 6.7 Therating risk area in year 2022 for different Land use type
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Landuse Total Ratingrisk area ;I'Ig'ﬂ
type area 5 4 3 2 1 area
(km?)  (km?)  (km?) (km’) (km?)  (km®)  (km?)

Business 14.75 1.655 0212 0698 0.764 0.44 3.77
Community  14.9 0.271 0453 0533 0689 0.701 2.65
Empty 0.72 0.147 0.041 0.032 0.069 0.08 0.37
Road 2.02 0.005 0.001 0005 0.012 0.005 0.03
Farm 3.8 0.526 0348 0364 0404 0245 1.89
Water 1.19 0.342 0.059  0.048 0.04 0.074 0.56
Total 37.38 2.946 1.114 1.68 1.978 1545 9.26
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Figure 6.13 The 2012 Flood Risk Map of Nakhon Ratchasima Municipality
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Figure 6.14 The 2017 Flood Risk Map of Nakhon Ratchasima Municipality
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Figure 6.15 The 2022 Flood Risk Map of Nakhon Ratchasima Municipality
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6.5 Conclusion

To construct a flood risk map, the flood risk model was modified from
previous flood risk model of Zonensein et a. (2008) and the GIS application tool was
created for flood risk mapping. The existing flood risk model was modified by
considering the types of land use in each of flood indicators to represent the risk
rating in spatial system. The future land use was predicted by existed map in CA-
Makov model. The result shows the change of flood risk area in different land use
from part to future. It was found that the total flood risk area of business, community
and road zone are increased 38.35%, 9.60% and 8.08%, respectively from years 2012
to 2022 (10 years), respectively. For business area, very high flood risk area is
increased 33.40% from years 2012 to 2022. The flood risk map can be utilized as a
tool to identify priority of the area for planning of flood prevention, flood mitigation

and flood risk management and urban planning.
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CHAPTER VII

CONCLUSION AND RECOMMENDATION

7.1 Conclusion

In Chapter 4, a ssimple distributed hydraulic model is developed at the
pixel/soil column scale and upscale to implement at the caichment scale. Applied
water balance concept within the pixel and downstream interactions between each
pixel alow the runoff generation by three mechanisms: HOF, DOF and SSF. Based
on an actua building block of the selected DEM, the model can be parameterized for
alarge set of hypothetical catchments and input climate events. Simulation results are
received when all processes are driven to reach a periodic steady state by a sequence
of identical climate events. The advantage of this approach is simple, tractable and
computationally efficiency that we can carry out for multiple realization of climate-
soil- topography combination. This model will be used to simulate the effects of
different combination of climate, soil, and topography on the runoff generation
processes through hypathetical catchment and climate combination.

HEC-GeoRAS and ArcGIS are powerful tools as pre-processor for preparation
for geospatial input data and also as a post-processor for visualization of the hydraulic
model results for HEC-RAS models. In Chapter 5, the flood hazard map was
simulated from the DEM and Land use using 1D2D hybrid method in HEC-RAS V .5.

The improvement of rating curve in the floodplain was due to Land use condition
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which leads to the increase of the river water level and volume and peak discharge of
the ssimulated flooding. The runoff hydrograph in the flood event was generated to
correct this flood hydrograph by the simulated flooding also. Flood depth and flood
velocity are the product of flood hazard mapping that is the most important element to
be the flood properties indicator for flood risk model.

In general, there are three limiting factors for the applicability of the flood risk
model : (1) availability of data (2) existence of data with adequate precision and (3)
limits of the normalization scales. In Chapter 6, the existing flood risk model
(Zonensein et al. ; 2008) and the GIS application tool were applied to construct flood
risk map by using input flood properties (flood depth and flood velocity) from
Chapter 5. The Land use change is the scenario in this study and the flood risk rating
can be defined for each of the Land use types. By using Markov chain model and CA-
Markov model. The future community and business area are increased by 9.05% and
11.59% from year 2012 to 2022 (10 years), respectively. The predicted flood risk area
of business, community and road zone from modified flood risk model are increased
38.35%, 9.60% and 8.08%, respectively from year 2012 to 2022. For business area,
very high flood risk area is increased 33.40% from year 2012 to 2022. Therefore, the
flood risk model is a powerful tool for generating the flood risk map for planning and
management of flooding. Moreover, the GIS flood risk application tool is user

friendly interface.
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7.1 Recommendation

To develop the next step of a ssimple distributed hydraulic model to investigate
the climate, soil and topographic controls on annual water balance in a qualitative way
to define dimensionless functional relationships.

To construct the high resolution of flood hazard map then the terrain to raster
geoprocessing should be available from a LIiDAR dataset representing high resolution
of topography and Land use. In order to quantify the higher reliable flood risk, the
formulation should include more indicators. The additional indicator of flood
properties is flood duration. Adding indicators of flood consequence are socio-

economic losses and difficulty of using transportation based on community income.
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