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Abstract

Amid climate change and sprawling of impervious cement
surface, urban area encounters severe challenges from increasing
run-off and frequency of floods around the world. This research
interests in the contribution of Green Infrastructure (GI) in
Taichung City to flood reduction. Literature pointed out that
taking advantage of GI to increase vegetation and to reduce
flood, planners should consider the landscape characteristic of
GI. Therefore, this research assesses the effectiveness to
mitigate flood with different landscape characteristics of urban
GI 1n Taichung City, such as parks, schools, squares, 1in terms
of the size, shape, and location of GI, which are quantitatively
calculated with Landscape Metrics (IMs) in this research.

The research approach in this study is Simulation Approach.
The flood 1is simulated by Physiographic Drainage-Inundation
Model (PDIM), which is developed based on the inundation theory
presented by Cunge (1975) (Shiau, 2012) and programmed by
Professor Chang-Tai Tsai in National Cheng Kung University, and
the flood simulation is run under different GI distribution. The
relationship between GI distribution and flood is examined in
an empirical case study based on the 1initial result of the
simulation and the LMs of GI. New simulation results in the
empirical study are further analyzed with Local Spatial
Autocorrelation (including Univariate Local Spatial
Autocorrelation and Bivariate Local Spatial Autocorrelation) and
Narrative statistics, which are the research methods in this
research.

This research designates GI at H L (flood height high but GI
IMs low) cell, which does engender generous flood reduction in
macro simulation, and the GI strategy achieves the highest effect



and clustering phenomenon in SA (flood height high but GI Area
IMs low). Finally, this research samples 8 cells in Taichung
City from SA to observe micro hydrology around these cells. Flow
direction and hydrology graph show that the influence of strategy
implementation to every target cell and 1ts surrounding cells
differs in extent and location, which signifies the dynamic
feature of flood and provides planners a more concrete reference

1n the respective of comprehensive environment characteristics.

Keywords: Flood Reduction Strategy, Green Infrastructure,
Landscape Characteristic, Physiographic Drainage-Inundation
Model, Landscape Metrics
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Chapter 1. Introduction (%3 ~F % %48 p )

1.1 Research Background and Motivation
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1.2 Goal and Objectives
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Figure 1. Graph of concept framework for GI locating planning

2



1.3 Thesis Structure
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1.4 Research Scope
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Chapter 2: Literature Review (% jt#F3i)

2.1 The Importance of Green Infrastructure (GI) to Flood Reduction
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2. 1.2 From open space to GI
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‘Green Infrastructure means different things to different
people depending on the context in which it Is used ”



CO, reduction

City, region
Neighborhood, district
Site, block

Thermal comfort
and reduced
energy use

Health and restorative
benefits, social and
individual coping
capacities, education

Improved
air quality

Reduced problems with flooding,

Improved water quality Skl ke ot

Not defined: no empirical evidence
Less relevant based on empirical evidence
Not defined: empirical evidence conflicting or unclear

Relevant based on empirical evidence

Figure 4. Framework of benefits and functions of GI proposed
(Demuzere et al., 2014)
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Fig. I. Conceptual framework integrating Green Infrastructure, ecosystem and human health. The framework has two main parts separated by two-way arrows. The
top half (ecosystem) has three interrelated boxes and the bottom half (human health) four interrelated boxes. Two-way arrows indicate two-way interactions. Key: GR:
green roofs; UP: urban parks: GC: green corridors: EC: encapsulated countryside: DL: derelict land: HG: housin, en space and domestic gardens: CS: churc
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Figure 5. Framework of benefits of GI to human health proposed

(Tzoulas et al., 2014)



2.2 The Development of Water Management around the World
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2.3 The Current Development of Flood Reduction Action in Taiwan
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Chapter 3: Research Methodology (% &3 ~ ##~ #H3 2)

MY g R BT G R B B RGP G i e @
EEBACHBR TR 2 ST e 4 X M TR KBS ATy > A
TAGE R AN IRV - P A TR - RHEETUER R
K % Gl Weg Prarie 2 %ﬁ%fﬁ:mﬁié o g M EE R B R T T G
Tk i KiFER o > o A% N5 Gl chg = F B acdkE > @733 Gl
WF LD o AFTNE 0 BRRIFR T BB R 2L G
"7}{@-:& H_L(High flood depth and low LMs)¥ %) J]*ﬁ—:-ﬂg kg ;’E PE K il
e Fpt s AT A HLF RF %Gl A deFmgsw s -tk
L;::JE—E HL ¥ %Rl FERE ”‘"F’&B#B&@ (BLSA) 5 4 1’i'»¢3.5 g v
;:-r_mﬁ %Hrl;f;gg Fp AR thim & o

% = BLSA » ##7 3 Jig* FRAGSTATS kdpzadi i LM 1 Gl - H L+ %
Xy :". 0 > RHR § Ryprtd Bl B BOGl B DEBREF o B IA
CEEEILGI R AFEEP T 2R s 5 4 F P E G SA
SG 4w SS o fipdt kb HHERLS 0 AT AI* 735 0 G Wk ¢ vt §
BT KBS Y B Ry -

AN TR A RS S T N E N AR Y R B e
FRF 3 NG PR BEod Bkl AL R B RS
DREEL ) iR R 0 ¢ R ITIE S BEY l_?]m}wa’”ff k= Bl a7 orde )
St AR T 0 RPIF oy b E LAEE fr ;i [erge 3 o pteb s Bw
BT RE T FRELT FHY ARG L AEHBE S ROEHS
T RTEEY *E%\:;tg_g % ;\j\mﬁﬂ S R «%’Kﬁf;j‘g 54 o

FoATHE o AP - AT E R G A#H e 50 BT E-
#41‘*%@\ FE BB L L B2 'H’;}g k454 (PDIM) (#-7%.3.2.1 & ¢
A % ) 4o FRAGSTATS € 2# 3 a7 3 1 & o H3IRZ B p Ap B fodid szt gl
AL RS F T A 17730 o ﬂeriah" 3 1~3.3 &#° A% Fit L3 p
FoERF LT AR ES T TREARN A W R 3.4 & e 3.5 & ¢ WP oo
Bofs » % 3.6 & B PDIM#F kst M {8 ks 4 3 7
FHEFL2ZFL AP R#E U Tigure 9 T AT 2 20 FMSHEM &

by
3

{

11



3.1 Research Approach
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3. 2 Research Tools
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Figure 6. Dendrogram of Research Methodology
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3.2 1 Physiographic Drainage-Inundation Model (PDIM)
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(30 =
%ﬁﬁ

& £ 3% (Moran > 1948 ) - Moran (1948) *t & %371 - bl R RSRie B R
M XM E o AE T Y Noran ’;\ P 7 Moran's I 3p#% » %45
BI S EZEFELARY RHFRZF ML < ik Orderet15(1992)
B-HHET AMERTOAZRPAAMRE > TR LI P AP

(Ord §= Getis > 1992; Anselin > 2010) - Anselin (1995) B WA
ye AN ZREpARM PR IR £ #-H & Local Indicators
of Spatial Association (LISA) > ® iefkerdgim i & 0T A B & &

a. the LISA for each observation gives an
indication of the extent of significant spatial

clustering of similar values around that observation;
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b. the sum of LISAs for all observations is
proportional to a global indicator of spatial
association

A AP E Y Y FEH# Local Moran's 1% 5 i * dhipik o
% 4™ (Anselin 1995)
I; =z Yjwiz;

where the observations z;, zj are in deviations from

B2 &

the mean, and the summation over j 1S such that only
neighboring values j € J; are included For ease of
Interpretation, the weights wij may be in row-standardized
form, though this is not necessary, and by convention,
w;i= 0.
gAY F U B ke E R AE G RER G (HEE RN
A e BN HLE % (EREAINZT M) -

3. 3 2 Descriptive statistics
o ph sy r JTe R 0 R sl R R e § Ao kAT
Pttt Chd P AR LR F o A 4.3 8¢ > T HNRKEFT F
Fokfr IM2Z B ERE RN FpApM s trenigd 4.4 &9 > v
b ﬁ”v;37fé'ﬁ§" Wt ¥ e *9:—‘3:'_?5’},‘7 ToeE R R B 4. b &Y T R
Th W RECREATPE T w2 H R Flend b oap R [Ms #iE -

W oy

>

#

o

3.4 Noun Definition

3. 4. 1 Landscape Metrics
ﬁri%?ﬁ?%ﬁ’Lmﬁﬁé§EV‘h?orT“’§EV*@§£§j A
”IM%?*%?%é%i%ﬂ*%“ﬁﬂﬁ4%%%ﬁﬁ§oﬂﬁ’ﬁ%
R g ER L AT RIESE - B 4 2 (JL 5 Patch
level ch&a47)pF » v 3 37 e st » 1% 27447 o
Patch level #_LMs 4 #f ¢ ek | % %> ¥ ¢t iR 5 Class level fr Landscape
level (Leitao & % > 2012) A3 ® > LMs * *t & it Patch level e
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Gl e | ek (3 2 i -k 2 § agigBlA 47345 Gl ahiz B i 55 )o
EFHT k47 Gl v LM ¥_Area, Shape 4= Radius of Gyration
(Gyrate) > Table 3 ¢ 7417 = [Ms avm et o iz B IM$H Gl oo

EAFY P

RPN ]

?%ﬁ’uﬁ%@ﬁpzﬁ

(%4F)7 &7
% 4.3 & ¢ s R
o %i§ ShapG‘ﬁ?Radlus of Gyration-ﬁﬁq‘p PETEINESS ) RTINS
o IMEfr R A &R A e R AT REY G
P =37 2 W=y idap) P

2

—

m

'fﬁmo

ﬁgw% Bk T A FT T

R ;ﬁ*ﬂz LA el

Table 1. The Description and Formula of Selected LMs in this
Research
Feature
Landscape o
to be _ Description Formula
) metrics
quantify
, . Geometrically calculated
Size Area The size of patch
by Arc GIS
Th Gyrate=yz., 2o
e mean | Gyrate=)2_, —

di S‘tance be ‘tween b, = di;m:u_‘u (11]1) hr_'nll cen cell Ijil' (located l\\‘i:hi}n ]l.'LIL‘]"lI if) and the
centroid of patch ij (the average location), based on cell-center-to-
cell-center distance.

each ce 1 1 1n a = number of cells in patch i.

Lmrs clmmu. units of the d ataset (typically meters)
Gyrate C luster Of Rar of values: = 0, without limit

contiguous cells

and the patch

centroid

Shape _
The ratio of
actual patch Shape—
minp;;
perimeter to the| P;;= perimeter of patch 7,
Shape perimeter of the| minp;;=minimum perimeter

theoretically
most compact
patch

of patch 77 in terms of
number of cell edges.

(Leitao et al., 2012, P. 83, 93, 106)
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3. 4. 2 Green [nfrastructure

95 2. 1.2 & (Benedict f= McMaho > 2006) ® # 3|eh& 2 > F & A 3

5 Gl 7 EAFA & iF1 A28 hz e & 4ot I 4rBenedict {- McMaho
(2006) A xS Bk Gl Ry A B TRV s AT EART GI 0
AAF N frptdESd o Fp o AFE T ¥ GL 93243 Benedict
McMaho #0% % = & (2006 % 5 F ) 4T :

‘an Interconnected network of green space that conserves
natural ecosystem values and functions and provides
associated benefits to human populations. ”

R¥pie- TR AFLEAY LB 21" A 44 B (2014 &) o af
EA BRI PENRE R R AT TR e TRE L S
B-HAB L AFET G o
3. b KResearch Process

BEE o AR g B2 kR (PDIM) & 7% ks, GIER
R Gk mﬁ%m IMs & 2 i GI # 4% ficsidn 3%, FRAGSTATS £33+ & LMs:
155 B8 ZREpAAM ol B AP ISR R F o g %o
FiE e &0 mv)‘ﬁ'*f? P P ORE - P R AT Y AT o

oL FERLG IR end B 1 2 G A% - B3 F15 PDIM - LM 8
AR A GREFFATT L B AR(2014)5 A0
195 PDIM e 58 s sudd-d = % 2 5 108 542 = 1+ A 2 B(2014)
B hi e e A Bl R et b 1 * A FRIERITR E T B RO R
AE ARG T - BRERA S AFTHES TR ERE R T P B
TOF LA E A GRG0t BB 0 R PDIM B Y F - B
KE et I o RE o

F-2% 0 57 5 IMse B % &2 % » & FRAGSTATS ¢ » w2k w58
F 4l A AR (2014) ARAsE B FIE o gtk o d 3 G ek
BT ERINF e Ls WA FREEE o d Rk R Tl B
«ﬁﬁmﬁ¢§@%ﬁm%@m’@wﬁmﬁﬁfﬂm%ﬁﬁaﬁng
Fl:iE7 o FPFE ﬁ ok s % o LMs gt%w ’ ﬂ‘f-ﬂ;t £y ?"@F\ BT
TRk MR E R FA AR A FIH LS R S AT
SEF Gl g £ 2 0 T ¥ kdpt H L %ok # i PDIM ¢
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R AIF AL AT RBPNED AT B A1 fo R (8 0 PDIM B iE
FATEHCR BN A T AR E S RTA T R L R AT rE R E
RIRE R P AR B R R o

2Tk R AF LR NG ARG AREIEE > AP RE- HiE
N B AT 0 AR G [ Koz B oulpefsd BB Z 0 AFTHE
T8 B ATENE £ RRE TR et Bapdt e B 6 B
2 PDIM i@f‘%frﬁﬂﬁ%‘a B - ORI UL E- AR DR
RAFEDRPB 3o iR ek gARE- HF P FE NP R(UT RS
P& Péﬁ‘«),i’,ﬂ ¥k ind S e o AT L P RRERE PRk o B
vk BIMAA IR PER R SRR o R L ERET - £ R
#fe Lis ~ 2 ’MJ FArARASHE 02 > KA %0 F % Gl Wk s> &
B ACBLICEL Y 2 ok éw T A RFle 50 L AT AL LR
o AT EET - RFEFS Y FUARRE 0 4o Figure 10 #757 o

T — Simulate Wu River Calculate LMs in Land Use
i Flood With PDIM (SO) Research area Investigation Maps
of Taiwan (2014)

— Digital Elevation Model
| | Land Use Investigation Bivariate Local Spatial

Maps of Taiwan (2014) Autocorrelation in Research Area
—— 25 year 24hr rainfall data l

; . Strategy Implement: Improve Gl in
L Rain Station data
H_LCell

,

Simulate Wu River Flood With New
Land Use Distribution (SA, SG, SS)
|

v v
Compare SO and SA, SG, SS Select the Target Cell in SA to do Micro Hydrology Analysis
— !
it it Univariate Local Spatial Simulate Flood with Gl improvement in One
Descriptive statistics ilisaarreisian

l | Target Cell Once (Do it 8 times)

v

Flow Direction Analysis of Target Cell

'

Drawing Hydrology Graph of Cells around
Target Cell (Compare to SO)

Descriptive statistics

l

}

Discuss the result

Figure 7. Flow Diagram of procedure in empirical study
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3.6 Basic Data and Calculation Construction of PDIM
(R &% PR kiR TR RAHAFTHEE > I WRHERG L39S &Y
B2 R<)

3. 6.1 Formula and Basic Operation of PDIN

According to the geographical attribute data of grids, the
rainfall runoff 1s calculated first. Assume the i7-th cell 1is
surrounded by Aicells, and the change of the rainfall-runoff of
the 1-th cell can be calculated by the following equation:

,_ah__E:Q, (hishy) + Poids (1)

t: time

Asi © the area of the 1-th cell

h: : the water stage of the i1-th cell

he . the water stage of the k-th cell, respectively

Vi : the total number of cells surrounding the i-th cell

(.« . the discharge flowing from the k-th cell into the i1-th cell
F.; : the effective rainfall of the i-th cell, which is estimated
by the SCS method (Chow et al. 1988).

p _ (P=025) o 25400

= - 254 (2)
P+ 0.8 CN

P : rainfall depth in mm

(VN : dimensionless curve number ranged between 0 and 100

The values of CN for various soil types and land uses can be
referred to Chow et al. (1988).

The flow fluxes @.rbetween the 7-th and k-th cells depend both
on the water stages of these two cells and border types. If two
cells are separated by hydraulic structures such as embankment and
dike, flow crossing the border is assumed similar to the flow

ik = 12b\/22(hi — Z,) (hie — Z,0)"/* when h; — Z,
/ HaD N/ 28
18
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through a broad-crested weir. Thus, the flow rate between cells
follows the weir formulas, which is categorized into free overfall
and submerged weirs. The flow rate between two cells for a free
overfall weir and a submerged weir respectively determines by

Zv . the elevation of the weir crest, which representing the
elevation of the border between the 7-tA# and A-th cells

b : the effective length of the weir, which representing the length
of the border

«1 and «: : the weir discharge coefficients of the free overfall

welr and submerged weir, respectively

[f the hydraulic structures do not exist between borders of two

cells, the flow rates follow Manning’ s equation, that is
[ CUk)\/ | — ], when—= > U

i

hi+ : the water stage at the border of the 7-th and A-th cells
@ (h) is defined as

T A \)
Ax: the distance between the centers of the 7-th and A-th cells
A and K : crosssection area and hydraulic radius of the border
between the 7-th and k-th cells
n : the Manning" s roughness coefficient, which is determined by

land uses.

Finite difference scheme 1s adopted to solve the above
equations and determine the water stage for each cell. A detailed
description of the computation scheme can be found in Chen et al.
(2007). Th%'wggsq_ggpth at the 7-th cell is then dﬁfﬁrmined by
di : the water depth of the 1-th cell
z1 : the land surface elevation of the i-th cell.
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3. 6.2 The Model s Parameter Setting in PDIN

The model’ s parameter including the following two parts:
(1)Basic information before executing PDIM

[t needs Digital Elevation Model (DEM) data to be the basic
and processes 1n Arc GIS for PDIM. This research uses 20m
resolution DEM data in 2016 from the Department of Land
Administration, Ministry of the Interior in Wu river catchment.
(Figure 11) With the DEM data, a catchment is divided into
thousands of sub-catchments. The other needed information
includes the slope of the land, the location of embankments,
weather station, pumping station and so on. All the information
influences the simulation in PDIM and was set into corresponding
sub-catchments. The parameters in the next point and flood
simulation result are also set and displayed depending on sub-
catchments segmentation.

(2) Parameters for physiographic inundation model
A. Rainfall data
This research use rainfall in 24 hours 600mm with the
reference of 17 rainfall stations in the Wu river catchment as
rainfall data. (Figure 12)
B. Manning coefficient
In PDIM, the effect of land use is mainly reflected by
“Manning coefficient” , which represents the ability of
infiltration of different land use, and i1t is calculated in
equation (4) in the first part of this section.

Manning coefficient setting in this research refers to the
standard from Water Resources Agency, Ministry of Economic
Affairs 1in Taiwan. Table 4 1is the classification and
corresponding Manning coefficient values of 10 different kinds
of land use. Weighted calculation of land use area in each sub-
catchment is applied to get the manning coefficient of one cell.
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Figure 8. DEM in Wu river catchment
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Figure 9. Design hyetograph of 24 hours 600mm
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Table 2. Manning coefficient setting

LAND USE CODE MANNING
COEFFICIENT

BUILDING LAND, RECREATION LAND | Rtypel 0.10
RICE CULTIVATION, PADDY FIELDS | Rtype?2 0.15
FORESTRY, BUSHLAND, WOODLAND Rtyped 0.35
DRY FARMING, PASTURE, GRASSLAND | Rtype4 0.25
ARTIFICIAL CHANGING LAND,

Rtypeb 0.20

UNUSED LAND, QUARRY
SALT PAN Rtypeb 0.05
RESERVOIR, FISH FARM, LAKE,

Rtype' 0.02
DRAINAGE ROAD
FLOOD PLAIN Rtype8 0.07
RIVER Rtype9 0.03
PARK, GREEN  LAND, PLAZA, Rtypel0 0. 20

LIVESTOCK HOUSE, GRAVE
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Chapter 4: Empirical study (£ #7642 ~ £ %2 F 1)

F 0w - F &2 PDIN A#HBGp{os- B B > AR BB enp
FRERAL AN F AU 3 TR LERAD > AFEFLT LRRFY
Hord T4 2

(1) A= F -k FRefs gL ERF S B 25 > 112 139

SHIEAT A AR(014) R AR A BFEE T B R LNS(A 1)

(2) R B kT pfsr 2™ ag &wa | A Rk (4.2)

(3) LFHEREAINZIFAAAMS D HLE % (4.3)

(4) féiﬁstﬂﬁi%ﬁ%\ﬁ (4.4)

AR E (41-4.4) BauNEP e BHRIDTEHRITS N L
B *ﬁfﬁ#ﬁsf’rﬁ%% Mo % w%ﬁr”mi—‘mﬁﬁiﬂlg A5 B

o

&

(1

4.1 Current Land Use and Landscape Metrics

4. 1.1 Wu River region

AR egpdow Tl 2 BB F 0 B0 Figure 13 S 2+ 1% 3 4R
(2014 &) ™ > BiEkmBF a4 1% ol 0 BRI B S F R
BT ¥V - 2w HiE4EIYE 7 @5 Figure 14 2 £>PDIM # = &
KR A E WWP”E4“?“Qf°

Legend

County Bound
Landuse Wariver
Riype
-

-,
-.

0 5 10 20 Kilometers .
L L PR | _E

Figure 10. Original land use distribution in Wu river region
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o 5 10 20 Kilometers.

Figure 11. Land use distribution based on cell segmentation of
PDIM in Wu river region
4. 1. 2 Research area
bo ¥ - R AT o A HWE R LS SR i 30 0 g R

BovF LR FATFERcER Y B Iois Aman P B (i
TR THRSAEIFCEP R AERE ) ZFLFFE G RS ER

P o663t ok Rt o X B KRR T a0t 2 A% & % AFigure
15¢ 24 % 1 -

¥ -
0 3 6 12 Kiometers y . -

Figure 12. Land use distribution based on cell segmentation of
PDIM in the research area
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Lok B3 HIMs FRBFLFERD L 2 I A iFS

FRAGSTATS sk o o S = 1 * A B (2014) Rmbniete ™ ard = f*
% v AcFigure 16977 o

12 Kilometers
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Figure 13. Original land use distribution
in the research area
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1

AR AR B(2014) ¢ R hedicdh )5 ) ik 5 et dicdh - (Figure
17) i A2 £ L & éhr Fﬂ:aFRAGSTATS;f R B E s 51 W
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BB~ AFE MRt T 4 2530 % 30m -
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Figure 14. Raster data of Original land use distribution in the
research area
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Figure 15. Patch distribution of GI in the research area
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Figure 16. Area LMs distribution of GI in the research area
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Legend
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Figure 17. Shape LMs distribution of GI in the research area
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Figure 18. Gyrate LMs distribution of GI in the research area
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4.2 Current Flood Simulation (S0)

FALL&E? FEBaRR R S G AT HRMREE B
# it PDIM i& = fice (4% Simulation 0> ™ T 358 SO) v R BRI B
Ch3 % 3.6.2 & ¢ cha AT » FuiRand KR S om A EIMAFT P #K
ERA GR O AP THERNFEX I RPHY T I L BITL R

(https://ncdr. nat. gov. tw/ )
(1)0.3~Im: # kB READEI- B > EREFALER ] AL HAH
(2) 1-24 *F-kBABA g X F D HnFdfcl ®
(3)2~33F *F kB RBELVEASF - K
(4)>3F - #FkBARBWFUZAY - K o

R o 57 LhoRs ERERFRE > 27T #0.3-1 £ ws 5 0.3~0.6
ﬁ~ﬁq’wﬂ’;wﬁy*ﬁ%ﬁﬁaﬁﬁﬁ,ip*ﬁﬁno&maﬁv
Ao R YRR A B b IR TR ek K R(S0) % % BE R A Figure22:
BlP i o BB B R EF IIREEd A7 - FBpROELAEA T
EHREEFF KD -KB R - Figure2d - H K &7 2 7 FRGR
BALAOH? Rk B R FEDEFE | FEIE BT oF B
Kok i A s e o o K RAR A P JRE B 2 P B
%ﬁi%ﬁﬁ‘3¥ﬁ§§°4'@‘%’fél—7’ PREfig 4% Eyng e+ 8|S
15 /] PR E > o2 RN P R R A R EIER - S Ay R
kB R s L oA d o AR AR - ke Bl T R RTRRE
ARV UET - &9 R R e et o G K T ook
Ble ipleen™ 3N Egm 4.4 &9 o

M-

mlt

29


https://ncdr.nat.gov.tw/

sBquiny

s|jaa jo

syoid Buimaioe

Ul s|{@3 40 JagLunpy

|8} yadap pooyy auy

0 5 10 20 Kilometers
1

Legend
3w river boundary

County Boundary
Flood_Widinge: m
MAX

D000 - 0.100000
- 0.300000
001 - 0.600000
- 1.000000
- 2.000000
- 3.000000

I ;000001 - 10.940000

Figure 19. Current flood simulation (S0) result in Wu river
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Figure 20. Current flood simulation result in the research area
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4.3 Bivariate Local Spatial Autocorrelation of Flood and LMs in

the Research Area

AELHRERE R APM R T RS S TR L R
S IM#ciE 5 % 2 {7t feoFigure 24~26% 1 7 %€ A7 B p 4p B (BLSA)
ShRas o aBlY 0 kd RARFEF BLMERF kR EI RAFE
FOMIME M ke R AR E MR R F LM B AAF L G
LM B ke o gt th s B g o0 & cnge R Rovk F R K foLM2 B epRE T <

ol @ 3 R B

Legend
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Figure 21. Distribution of BLSA between flood and Area (FA)
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Figure 23. Distribution of BLSA between flood and Shape LM (FS)
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Figure 24. Histogram of BLSA between flood and 3LMs
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4.4 Case Simulation and Analysis

A4 3t s TR ET ﬁ,%g’gﬁ/ﬂ\ﬁ :

(1) % BLSA_FA>BLSA_FS>BLSA_FG # H_L ##:en2 #= 4% > &R Rtype
FIRtype 10 (R & 2F > % > B3 Z 4 fo Eehd 2 @ % ) kiF (747
s PDIM (SA> SS» SG) > 38 "W S 5 e & K> T8 (7 Axit 3t &
17 (4.4.1)

(2) BFERERINZRpAIRBRIFERRILT BRER% (4.4.1)
(3) v ifoidsm SA> SS4-SG (4.4.2)

Rt e sy o od R ] o LS Pt IR R B R Y
Simulation A 73 # k¥ »c% » m™ #-2 Simulation A 15 5 i 8 %
Fmget) > Hud iRy SRAFT2Z R o o
4. 4. 1Simulation A4, S, G (S4, SS, SG) and [ts Comparison to SO

(1) Simulation A

t:SA¥ - BLSA_FA¥ Al Liets (Figure 247 chfgd fefe) cht s i@ »
HR 4:Rtype® 5 Rtype 100 5 ¥ § 2251 3 Hok 2 5 o i 46 A7 FRtype & fie >
4B ¢ AT 0% % deFigure 28477 o

fSA A ¢ o B2 ARG 30B R E L F bk > 2 561 #4518 )
0~0.1 merid-kecd » 59,855,222 m'» & ¥ B 519,316 m';F 555 &

.‘

# 2 50.1~0. 3 merg ke L v 1£2666,806 m’ 0 & wtifl_ & 454, 209 m3'4
321 H ~# 4c0.3~0. 6 merd -k > 1£579,565 m°» A exie & 5 244, 185 m';
167 5 <3 4c0. 6~1 mi# -k » =3 234,885 m’ > “LF E;‘E 5 186,625 m ,ﬁx‘f?
F 130 E K4 1~2 mid ok o B 265,945 ' reie® 5323,310 o e
(Figure 28) it ke i (F-k%1>0) & f# 563,602,423 m* ( %63. 60
km?) > s Z B 51,727,644 m’ o & -Kecd A 4o BI29%7 % o
IMFRELIFERRG DT RER AT HRIRESL
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Figure 25. Flood simulation result in SA
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Table 5. Numbers of cells with positive and negative flood

improvement value in SA, SG, and SS respectively

SA SG SS
Number of cells with flood improvement height >0 | 677 635 614

Number of cells with flood improvement height <0 | 39 26 28

Area Volume
(Unit: km?) Unit: m
319316
60.78 500000 m:‘ll“ .
59.86 400000
532965768
" SA 333,00 N SA
267 » SG 300000 = SG
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2.09 et
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Figure 28. Statistic charts of flood improvement in SA, SG,
and SS
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Figure 29. ULSA classification result of SA, SG, and SS
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4. 4. 3 Phased summary
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4.5 Micro Hydrology Analysis
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4. 5.1 Micro Hydrology Analysis of Simulationl/~8 in SA
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Figure 31. Illustraion of 1-KM buffer range of 8 target cell
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(1) Simulationl
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Figure 32. Distribution of flood improvement in Sl
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Figure 33. Flow direction and hydrology graph in Sl
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(2) Simulation? (%)
(3) Simulationd (%)
(4) Simulationd (v¢)
(5) Simulationd (v%)
(6) Simulation6 (v%)
(7)Simulation7 (v%)
(8) Simulation8 (%)
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4. 5. 2 Phased summary
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Table 3. Factors to target cells and the cells around target

cells
Simulati Max Flood Adjacen .
thutatl Cell ax 09 t (Origin GI Area | GI Gyrate | GI Shape
on Note Alterati ) al) Land
Number Relatio _LM _LM _LM
Number on(cm) : Use
nship
Target
S1 944 -6.5 / 2 22.68 [223.82 |3.2b
Cell
(Beitun
upstre
Dist.) 859 / +5 2 5.49 1109.51 |2
am 1
Target
1799 -2 / | 1.8 5.0 | 1.22
S2 Cell
(West Dist.) dOWHSt
1927 / +1. 35 2 0.36 |30 1.25
ream 1
Target
2163 =45 / 2 .58 [109.51 [2.13
Cell
S3
downst
(Nantun 2186 / -1 10 5.58 [109.51 [2.13
ream 1
Dist.)
downst
2268 / -2 | 1.26 [56.82 |1.5
ream 1
Target
2721 -10 / 2 4.5 96.46 |1.6
S4 Cell
(East Dist.) downst
2861 / -6 8 3.51 [86.46 |1.46
ream 1
Target
2877 -6 / | .67 192.33 |1.b
Cell
S5 changes
(Nantun little
upstre
Dist.) 2753 | but -0. 2 i | 3.06 [68.13 |1.33
am

causes

delay
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downst 102. 3
3154 / -3 2 434.10 |4.09
ream 2 3
S6
Target
(South 3118 / / | 0.9 75 1.57
Cell
Dist.)
Target 124. 6
3502 +5 / 2 634. 76 |b5.35
Cell 5}
ST upstre 124.6
o 3155 / +0.5 2 634. 76 |5.35
(Wuri Dist.) am 2 5
upstre
3297 / -0.8 2 3.69 195.10 2.14
am 1
Target
4579 +7 - 1 3.15 115.69 | 2.17
S8 Cell
(Dali Dist.) upstre
4496 / = | 10 18.72 [532.49 | 4.28
am

ArealM of 8 target cells

o
o

g B3
° -
o LA |
o o Ay
CI
5

124.65

Gyrate LM of 8 targetcells

223.8226
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Shape LM of 8 target cells

Figure 34. Original LMs of 8 target cells
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Figure 35. Land use distribution around target cells with referring table and maps
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Figure 36. Flood alteration and LMs scatter plot in target cells and surrounding cells
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Chapter 5: Conclusion and Advice (R#&HErsc k)
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