XSS

11-1543000-001995-01

http://rri.ekr.or.kr

T=20F EAVIE
FEol st Ayt

A Study on Water Conservation Design Standard for
Adaptation to Climate Change

2017. 11
SESMAESR
LR






T

T A9 U E HEH AR AEITYr}

114

2017

Tor
Mo
Ho

%
gm__.o
)
B

=
NF

A7 %

o] #}

=0
&h

a7

-

Nfo

o

N
p

A ob el

o

st



8 % ®

= A4 A% I

b olEoF A7

o]
pul

: 713 HE oS

1L 7AAH

ATt ;2017 06€ ~ 2017'd 11

2.

™

—
file)

T

ZO

el

14
=

oA A

zo] AB7} 2

A AA

o w&

1 o]

[e]
5
1t

Nlo
o
T

oo
"I

o

A5 ol

o A7) 2Lz

AL

o
o

d

=3
o

o

FaL, AAlE Ztedsor 715

3]

FAO0ZE thx

-
[}

2 =7}

2=
=T8

s

4. 4749
o ol

T WA T AAASE 4 B 9] ool AAVIE HE

=&

N

H

- FU)9) o) fieke] HA7IE

it



o

AA7IE

Fee Sl me

- AgA B4 (

i

AT A

A4 A

M
piig

1
&
—_

- AANE WH @A o5

o ARAF 7]

T
i

T

W
e,

- TR 713 Ay e AR

oolRtAE Jd Gl w

97}

< NEAT 9

aA, v ot

=i}
=

A2 A

Al

xr
i
;OO
Bo

i

AT
5.1 FU 9] o] Fiok AAVE &

5.

T

A

71N HIALY AAI7IES] o]

20163 =

wA
Py
Ho

J)
oR

™

i
o

o

A7 =

AR

7]

T

U8 AR BEste] KDS 67 10 00 598 @ AA7 &=

A
‘1.8 A

_g]

ojn
°

™

iii



Np

A A 7]
2o gutxd o Z 10dd 13 A=

A oH, FFAATIEAGHIA AY AA

, 2002 A= “FHE AFA A

15 A 9

THECF olFEAVIES FAMEAAAE

o

JAANZIE =

HHFFHEITDE 7€ o2 BA

1=
T

=
233 104

Al
A

=
(¢}

(

el
=R
el

Np

oH =z
=TT

P FER (201D HAA

H

30l 13 5= 38 (2001 7€), 37l 13]

L

T

<
T

B

A & ol A

<
T

16 (200649 7ROE 7ES v

o

Q.
S
=

€]

o =fe] B FA oY AAVIES d¥EY, I EF (2016) ALY

)

el

A== I
=T

o] 20~30 3 13]

J]

o
s

X

oF

AR o

oAM=

A7

Z1Zo 2 A 10 13] Z<

o =29 olgEof AA7

a)

s

2

e

)A
ol

oy
bo

N
o}

K

b ol el

°

bol FbEE the

°

e
=S 4 509 13 JhE Z2 3 AW Vhee

3 o} Seuhetnet ek

NAel FAEokA =3E o|FHEAVIES F

AgriEzdog

i

ﬁo
)

—_
o

A AgZIEES 110 FE3300del 13 1 Aol

S

c

P
T

]

[e}

of

olp

%

B
o
oo
03
el

1

—_—

Ave e

o

3

ToE T4,

=
—a

1l

A

iv



on

o mEbA B ATolA

o

0

=4

b 2 30d 714 AR 2 vl 7]+ AgEle

83

2
S

o

= H= 38 (10

2 104 13

R
o
uze]

oju

TR

1

RE AZAE meSuA Aol S Y

£

A&

A FolEe VIEe® AY

<
T

st= A

93 ATE 39

=]
=3

7}

Y

O

A7)
BXE 1

A FHE A

]

F37

i

]

Fsdn

1
h

el = 1~27) AFE

J

2] o]
b B

=

Kl

FA =

3

A

AR A, A, ZRA7

I AAE AN

9|

o
|
—_—

wc)ﬁ
Wo

[e)
5 Al

2kl wj A (o] Y

A= =

9]

A8 F E7F ATl o

B

RIMSell A A

F =

S 2AE AAE
shel Wi, A B AgEE el AEGH WF 24 Aol H)

5

slew, 1 A%

JEN

3|

Ao o

o NYPATE Zelre

A ZAA 30

), 2013l A 2016\d 7

2 UEhd.



= AdAYE L

Ao Adel @Al A

1

o
yil

1=

A
AYgel @A Avel LD, @A 71 AAw

pS|
=

1

9
yil

H3l A8 E %

al

zal

o

2

(19611~1990d, 19731~2002), @A <]
&

7174 A 5(1987~20163)%F & &

(1987~201611) % A%

—_
file)

Fol FATHH] @A o]t

3|

al

el 28 7zt

247 BN A5AE #7304,

o

g 57 7]
=kl

137
=3,

A4

=

AARTH = AHAA Y] 2o A

1

AuE] Lol w

7}Eo] w9 A Jehoy, HZ 74
A
ek As 37

Ao A 1.8~9.3% Z=7}3}

o

=

o FAAR F BAGA AYPERN T} HA AAPENE AAAI YL

e}

il

S

A=A ol A 2-3d BIHl

L
2=

9]

I

A

)

=

TR

A

]

op

wK

o
=

’

)

L
1) =
&

[e)
-

E

-

of W& HAEZY
=

ot T AU 29

B =
T
o] 8] 3.
HEA7,

Al
K]

L —
T

Al 2 (A vl

o] 3} Aol

71

=
a-

bl

°
yil

1

o
yil

T ASA 2EUE 10404012 DA SR

Ao] o9 T
o IA AATINE APAULL D @A Adele 19 A

Ael oo o

ﬁo

A AuEe 29

A 7]

O

vi



@A

H

-}

A Ayl 19 4

o]
=

stae 3A

A <]

=
=

N= 7 A7

of e}

713

=
[$)

g gol

A =] ol A

Wde. oFE

e

il
‘_Il‘_yl

!

ﬁo

J)
—
file)

~NH

A AU L 20 s 2 85TFo)

3

3

£ 28

I

td A tin] mg o]

9

5}

715 AvE s A&

3} BE S5 gA 4

o

le Bt |

S|

3} FolE A&

Y

1

4

=
[€)

AgA Exol7] A, HiFAAAY

Adel Mol A B AL

ol

i

el

ﬁo
ol
mﬂ
]

=

=

~~

o)

VSR A5 S

._[i_
e R A S| T

F 1107 A F<

<)
gl

o]7] Ag& A3y

|

j
5 =

Agu e 27

s

=
T

A7 AFAT

ARZRE B

ﬂﬂ_

=

B

e

NI
o]

—_

o
B

™

—_
o

7% BIC7} 7}

= ATA

B/C %] 1 o]

L

T

@ A3
S| 04-084 M ek,

2.332 L}e}
o H AFtolA

PN
T

N
T

4,

oo

el
=

—r

B

Fo] AR 24 Aol

9

Aol 2 &

vii

F A

S



<Summary>

1. Research Project : A Study on Water Conservation
Design Standard for Adaptation to Climate Change

2. Research Period : 6. 2017 ~ 11. 2017

3. Purpose

o Evaluation of climate change impacts on agricultural reservoirs
through analysis of design frequency for agricultural water
conservation

o Establishment of water conservation design standard of agricultural
reservoirs for adapting climate change

4. Results

4.1 Review of Korean and international water conservation design
standards

o Korean water conservation design standards was reviewed. It is
found that 10 vyear frequency drought has been adopted for
agricultural purpose, while the new concept of credibility has been
introduced and recommended with 95~96.7% of credibility as the
water supply safety for the multipurpose dams

o The developed countries such as USA, England, Australia has no
particular design standard for agricultural purpose only but adopt
various design frequency depend on their water system
environments. They adopted 50 year frequency drought or the
previous maximum drought to have reliable design standards for
considering climate change impacts

viii
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4.2

Japan which has similar agricultural environment with Korea also
use 10 year frequency drought as design standard of irrigation
intake facilities

Establishment of concept of water supply safety and reliability for
the agricultural purpose

o The water supply safety and reliability means that water can be

(@]

4.3

(@]

supplied without having water shortage situations or fail in
supplying water to meet water demand during the certain periods

Firm supply, reliability, resilience, vulnerability can be utilized as
the measure of the water supply safety and reliability

Since 10 year frequency drought has been adopted as design
standards for agricultural purpose, this standard was applied as the
water supply safety and reliability measurement of agricultural
reservoirs for evaluations of past, current, future status of water
supply stability

Selection of sample sites for analysis of water conservation design
frequency

As sample sites for analysis of water conservation design
frequency, total 13 agricultural reservoirs were selected within the
KRC command areas based on main intake works, having water
shortage problems, ratio of watershed vs benefit area

Basic data was collected for simulation of water balance of the
sample sites, and important field data was investigated through
on-off survey to consider the changes of paddy field
environments.

o Rainfall characteristics were also analyzed to compare between the

past and the current conditions. The rainfall amount in current
condition found to be increased from the comparison between past

ix



4.4

and current 30 years-based rainfall amounts, while currently
rainfall amounts decreased in 5 years-based comparison. Monthly
rainfall pattern also showed the decrease of rainfall during the
summer period

Evaluation of climate change impacts on water conservation design
frequency

In this study, three scenarios were considered to evaluate water
conservation design frequency. The first scenario is the past
design frequency, the second scenario is current design frequency
with only considering current weather factor, the third scenario is
the current design frequency with considering current weather and
field condition factors

It was found that most sample sites produced 1.8~9.3% increase of
30 years-based average runoff under current weather conditions
from the water balance simulation. The effective rainfall showed
decrease trend or small increments under current weather
conditions, while the increased effective rainfall was observed
from most sample sites under the current design frequency with
considering current weather and field condition factors

5 years-based average crop water requirement also increased, but
some of sites showed decreased water demand due to change of
field conditions

Compared to the results of three scenarios, it showed no much
difference between the results of first and second scenarios due
to the duplication of 20 years weather data, but big difference
was observed from previous design frequency with the first
scenario. Also slightly difference was noticed between the second
and the third scenarios because of water demand change by
considering field conditions

For future climate change scenario, it was obtained less than 4



years design frequency from the 13 sample sites, and it is
suggested to simulate with considering future trend of changing
areas of paddy-upland fields to achieve more realistic results

4.5 Economic analysis for increasing degree of water conservation

o It is necessary to increase storage capacity to have secure water

(@]

supply based on the results from the evaluation of climate change
impacts on water conservation design frequency

This study analyzed benefit-cost ratio in the case of increasing
water storage capacity additionally to achieve water supply safety.
In this study, the benefit analysis consider only direct effects such
as crop production effects, crop change effects, etc, while the
cost analysis has been done based on references of the
heightening embankment of reservoirs from 4 major rivers
restoration projects and other related irrigation and drainage
projects

o As results, 3 among 13 sample reservoirs showed more than 1 of

B/C ratio but most of them obtained between 0.4~0.84 ranges of
B/C ratio. Since this study counts on direct benefits only for the
economic analysis, these results can be used in the limited
conditions, and indirect benefits need to be considered for better
analysis in the future
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(3 48] #A 2 H 3093 AF Ao v
HEa 1973-2002'3 (mm) 1987-2016'3 (mm) S72& (%)
o] 1,317 1,367 3.8
Nt 1,241 1,333 7.4
=3 1,249 1,367 9.4
=T 1,184 1,247 5.3
et 1,219 1,235 1.3
A4k 1,128 1,279 13.4
A= 1,270 1,293 1.8
o] = 1,404 1,443 2.8
3 1,457 1,483 1.8
=7 1,200 1,293 7.8
= 1,486 1,533 3.2
[ 4.9] 2008-20161 5 & AW+ ZF ¥l
TEH4 2008-2012\d(mm) | 2013-2016'3(mm) SHE(%)
o] 1,520 968 -36.3
T 1,616 1,011 -374
=3 1,564 1,128 -27.9
=T 1,279 914 -28.5
et 1,286 962 -25.2
ARk 1,495 940 -37.1
A= 1,322 1,101 -16.7
of = 1,483 1,410 -4.9
+E 1,510 1,345 -10.9
=7 1,292 1,059 -18.0
= 1,634 1,480 -94
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(3 4.10] #A = HZ 1087 79 A vl

#HZ 1973-1982(mm) | 2007-2016'A(mm) SHE®
oA 291 403 38.2
g 279 436 56.4
e 271 472 74.2
Z= 223 279 24.9
At 263 296 125
A4k 266 315 18.2
A 240 284 18.4

B 240 263 9.5

AF 263 277 5.4
7 227 266 16.9
A 270 324 19.9

(3 4.11] 1098 &9 7€ A= vl

FEDN 2003-2012d(mm) | 2013-2016\A(mm) SHEW
o7 474 281 ~40.6
E=) 438 303 -37.8
B 499 460 7.8
Z= 374 222 ~40.6
el 350 262 ~25.2
Ak 382 205 ~46.4
A 380 237 -37.8

B 349 166 ~52.6

e 347 208 -39.9
=73 388 203 4738
A5 404 204 ~49.5
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Ry A - O|¥Aul, EHomot, HENDG O| A
FE: 20| (4;’17-5;’3;1), °I%"'|) (5/21-6/10), EH
= - o T (6/11-9/11
S 247, S, B8 He: 20071 (4/27-6/10), 17 (6/01-6/20), =2
7] (6/21-9/21)
FERY - BHE f~ENY LAUE(%) 10%
20|32 FEA YN AFRF
AFY [mn-"ll-lday] 5mm/day
BT - Oy R7Y BEHe =L
Had - Ao/ A 24y 60mm / Omm
= bR 140mm
o|FErT 140mm
[# 5.2] o]F A= A4S A% Avge 44
AlLiE| 3= A%H Az
I YRR |z
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[ 53] ol = 4 Alygeod we 30d @9 d¥d FEF v

= =Hmm)
A4 NE=EA= A2 304
A 30
1987-2016 | S#4&(%)
=% 4155010012 | 1973-2002 880 923 4.7
g 4175010015 | 1964-1993 811 844 4.0
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=7 4313010080 | 1973-2002 696 745 6.5
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FEME N AN 2842 (1,000t0n)
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ZHE|CH B 8 4=2F (1,000 ton)
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F|CH 2 8 4-2F (1,000ton)
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[ 5.14] vl o]FStd = B4 Ax
A ) 2§
_ |9 F
A5 g—% xﬁ’\gﬁ ‘5-449?1 %%} JzJ]rzj 71%— 2o
S =l PR - e | ZHE ke | 20500 | 2050
otz | 4=
2% | 1961 | 12.007] 6508 | 108 | N | N9 | 57a | 39 | 4a
9o | 1949 | 3547 | 1,841 | 5@ | 10 | 10110 g | gy
o : : = ol | ol | o = =
st | 1923 | 1426 | 896 | 10 | N | 10@ [7-104) 19 | 14
7| 2005 | 1,077 | 1,042 | 109 | 33 | 39 | 3@ | 1@ | 19
st | 1929 | 775 | 751 | 109 | 33 | 39 | 3@ | 2@ | 24
B9 | 1941 | 940 | 1528 | 109 | 2d | 2d | 29 | 1d | 24
ZA | 1944 | 2621 | 2954 | 109 | 2d | 29 [3-59 | 1d | 19
Zob | 1041 | 818 | 894 | 109 | 2d | 33 | 29 | 1d | 14
92 | 1931 | 1,941 | 2431 | 109 | 2d | 29 | 29 | 29 | 24
7 | 1932 | 783 | 886 | 109 | 2d | 29 | 29 | 1@ | 14
Ak | 1946 | 511 | 588 | 109 | 2d | 29 | 2@ | 1d | 149
. 10
A | 1948 | 1180 | 665 | 109 | 109 | 10d | )% | 3¢ | 3d
[e)
g | 1958 | 695 | 966 | 10 | 2@ | 2d |2-3d | 19 | 19
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[ 63] S4AF wF g

T = A3 A3 (1) s A0
A A 3,577.6 4,244.3 666.7
ha@ 234 24.8 14

¥ t(metric per ton): TE{R 23t FFHFA T2 1000kg = ltons o]n| g+

ol-&& S
A AMAAIE A $o] B0l §E&S Wt 2HA

° pud

KT
N

L=

[ 6.4] XA AA ol &&

7 & Al Z(ha) A Fha) = zHha)
74X H A (@) 153.1 171.0 17.9
2] 518 A (b) 184.3 209.5 25.1

74 A o] 8-&(bla) 120.4 122.5 2.1
o wEe Az
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1.2 22T WA AY (& 94D
O AHgHL
o AW - FEAF wFAAAY
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G | | FK 27}
A A K
5,432 315,507
4,660 440
4,200 390
2,800 200 1,562 -21,576
50,000 1,500 7,149 58,044
65,000 2,000 10,452 82,514
70,000 2,100 33,053 235,453
65,000 2,000 #5912 i
26,000 800 A= 3= .
41,0001 1.200 At=glel i
324,460 334,700 10,240 6,398 641,932
AN A T AA 0l &g W) 3
[ 6.11] 22AF Aol &8
A A | Ad B | F 20a)
354.2 354.2 0
2} 5 2 (b) 441.0 446.7 5.3
124.5 126.0 1.5




o wEY AR
- ERAARE AN A3 Fo) AAEAY Holgh LEEHATL
o Aolg Wmele] RAAFZ W F PAwLS
Fabed 4%
- EEEA  E e EFESHUYT X A
[Z 6.12] FZAF =54
™ Z(ha) Y+ 555X ZH A 7Hha) = Lelx e HY
427 : : 5 5E 555 e
A% |22 2| 2 | 2z | |97 e
o | 2674 2621 331 262 88509 68670 11064 8584  87.1
%‘3;‘4 69.1 496 22872 12995 2859 1624 434 38 133
waz| 531 354 59 59 3133 2084 392 261 48
a=h
g |71 142 482 430 3429 6163 428 770 -120
Z
[e)
;Er 71 149 499 449 3422 6376 428 797 -13
}\]A—l
Sh | 89 142 2627 2364 2338) 33569 2923 4196 447
e
oohe | 106 177 5873 5286 62254 93562 7782 11695 -1373
J
g{‘; 106 283 2489 2240 62254 63392 7782 7.924 -5
Al 71 106 844 759 5992 8045 749 1,006 -9
T =
3 7 | 403.8 3755 23744 13750 255.225 283490 315914 35271 -128.17
¥ 1D 19 =Y GEA7E) 41,3289/
2) 19 BAAARA o) = 3513090/
3 AALYAE = FrEEFYLX E R
DY FAAT : 84T
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rulo

- A7l AE AR 7 & 55%, 8.0% ¥ weo] Henlg W&

AhZE3H

Heln] &)
e a2
T = SEChe T=55% | i-80%
Z WLOFH] + 7] EP AR D 13.066.488 | 12,092,497
% 7oy © 13.118.917 |  8.511.290
w27l E (B/C Ratio) @-2 =D 1.00 0.70

o F W gy

- FAAGH 24 BEEAAE T AAgIE, B7HES AR, o
5 oldA Aee Aty DAL FANEE A& A 4
9 Z4% AdulE A8
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[ 6.15] FAIA 7 & Bl& A4
= = = DA FAFARG HI (3 €) AA A
AQHA | 1ax | 29% | 3dx | 443 | sax | A
1. <=3 ALH 10,595,695 105,957 2,119,140 2,648,925 2,648,925 3,072,748 7,552,899
o =4 2,672,334 26,723 534,467 668,084 668,084 774,976 2,185,439
-Hl s EE 1,603,400 16,034 320,680 400,850 400,850 464,986 1,136,311}
-=dEE 1,068,934 10,689 213,787 267,234 267,234 309,990 1,048,624
o A 5 4] 3,461,241 34,6120 692,249 865,310 865,310 1,003,760 3,017,510
-A 5H] 2,768,993 27,690 553,799 692,248 692,248 803,008 2,716,382
- 692,248 6,922 138,450 173,062 173,062 200,752 301,128
0T7IANER 730,272 7,303 146,054 182,568 182,568 211,779 630,959
ozt H 2,220,303 22,203 444,061 555,076 555,076 643,887 1,181,113
oA = 4] 302,791 3,028 60,558 75,698 75,698 87,809 297,038
oA RE R 245,509 2,456 49,102 61,378 61,378 71,195 240,844
o F-7F7FA Al 963,245 9,632 192,649 240,811 240,811 279,342 .
P 2] 5 A A o 4,035,312 40,353 807,062 1,008,828 1,008,828 1,170,241 3,598,764
o Z-A ol 3,668,465 36,685 733,693 917,116 917,116/ 1,063,855 3,598,764
o RIFEA Al 366,847 3,668 73,369 91,712 91,712 106,386 .
(. &) ] <
A 4,555,754 2,277,877 1,366,726/ 455,575 455,576 - 1,849,634
b. = A 7 1) 635,782 635,782 - - - - 623,702
b. 5 A2t 2] Bl 931,062 9,311 186,212 232,766 232,766 270,007 913,372
7. 22 B 221,422 2,214 44,284 59,356 59,356 64,212 217,213
B. 771 24 o] 2 - - - - - . 1
0. 2k2] ] - - - - - - .
10.3421 = 155,040 1,550 46,512 15,504 91,474 - 152,094
11.7] Et 349,045 216,105 26,857 33,571 33,571 38,941 342,413
12,4\ B - - - - - - -
oEFHUEF - - . - - - -
oI - - . - - - -
13,2 4173 _ _ i _ _ i |
< oA
4 A 21,479,112 3,289,149 4,596,793 4,450,525 4,526,496 4,616,149 15,250,092
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[ 6.18] AT He] &) A%

Al 3 Z(ha, ) Al & Z(ha, ¥)
A 22 - - =7t
T | AR | hag = A8 | haw = T
Ha | 9 9 wHal | =2e 9
Lk 124.9 3,924 490,236 | 109.4 | 5,795 634,167 | 143,930
k=3 %‘](3;]4 55.1 3,534 194,650 | 70.6 | 5,404 381,320 | 186,670
st 55.1 | 13,039 718,215 | 70.6 | 14,851 | 1,047,882 | 329,668
Al 235.1 7,795 | 1,403,100 | 250.6 | 11,463 | 2,063,369 | 660,268
o ZAo]&& ST
[3 6.19] FAAF A o] &&
T+ B AHg A A F = %
73 A HZ(ha, a) 180.0 180.0 -
2| FHH A (ha, b) 235.1 250.6 15.5
73 2| 0] 8-E(%, bla) 130.6 139.2 8.6
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[ 6.20] FAATF =5
258 AP Z(A1ZD) A 2(A1ZD) s &
S 312 232 N80
& o 1,279 1,200 AT9
& A 1,591 1,432 A139
o & ARl Mzt
[ 6.21] AT F=P 4]
258 Al A A F s
A A 734,394 608,596 A125,798
- ha 2 3,124,019 2,428,944 695,075
o w2k FA
- AT = (AA A= =4de FA [ v= 1kgw ©@7D
[ 6.22] FAAF w84t
Z B NEE A3 & = Zr
A AW 1,268.7 1,580.7 312.0
- ha = 7.0 8.8 1.7
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ST 09,4547 <365 < 67H/E = 231,750

A A A & =
FAHYE | AAT had AR had AR hag
(H9D) () (H4D) ) (22D C)
A8 - - 231,750 | 1,287,498 231,750 | 1,287,498

2.5 A4 3
[ 6.24] AR T AAA B Ax}

T = AR A3y 3 < 24

057 A o] &&(%) 130.6 139.2 8.6
O W] Z 24k A aH(D) 1,268.7 1,580.7 312.0
o4& F<rifkg/ha) 4,039 4,622 583
o A4 - 21 /ha) 3,124,019 2,428,944 695,075
0F F7tr(d/ha) 1,403,100 2,063,369 660,268

- had S7FFel(Hd 7,795 11,463 3,668
oA E T}
oE 2§ 8

- IRR(%) 5.6

- BIC (i = 5.5%*]) 1.00

- B/IC (i = 8%+ 0.70
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2. A%A 5 ol AHY
o g ALA F Eolrle R AAATEA A4A ATE
0m F3 A2 NFAT 5 ol A AAY BUL AEFAS

31 ArEAEY e

o AT : MIAT BPEAHFA 5 Eol7] A
o AFIM] : 64,012/ Tk %)
o AF7IZF ¢ 2010 ~ 20161A(73)
o g HA : 8,47%a
o FRFA: AFAAG 20mEY, P, TBMEY, A5, ol HERZA
32 | - M gRA P2
[ 6.25] WA Abg] Wi B 2 g
T B B A=A
25 o OANAY - 8B mE AN | FRUAGlY) BEy
S8 | an 2e w4 Ak
A7 | - SeAeg + SR A g (2008, FE3 %)
. |o T FEs a9y Ae AFALY AR
Ol o wwseRs o 35 weuy Y AT
EE L gamee o (2004, AHLER)
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[ 6.26] W27+ AA] Fxol7] AHdv] Y

= FARY A il AL
- <
- 2] 64,012,000
- = H] 64,012,000
A =
- <= 3 A} H] 38,318,621
O+ 993 38,318,621
-2 A O 3,168,827
- &A= RAM) 17,403,137
- = A A n 1,602,300
O 7] zAHH] 607,000
O AF-EA R 995,300
- Z A = 1) 2,428,000
- A B o 550,986
- A Y F 872
- ¥ 7] =2 26,656
- B3} A) R T ZAM] 25,000
- AHAANAE 70,000
- ARG FAAE 47,520
- AEARAEE = 103,000
-7 7 = 267,081
3} Al 64,012,000
3.3 Trxdue
o gt Fysiatg W
- AL SS9 4AdHMD- FDA, Multi-Dimensional Flood Damage
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[3£ 6.30] &&= Agakn] (2002 715)

TTere
R ] (&)
= H 529,609 80 87,995
217 223,239 76.5 72,574
2R 7] 248,920 76.5 72,581
I 1,232,861 100 101,380
o I 981,828 20 3,219
a F 1,227,759 10 45,490
2+ 7 441,998 60 489,816

% AREA : [EABALE EACGEAR, 2002)]

[3£ 6.31] A8 =no] A4kH] (20023 7]5)

A = 1027 A4 () 7HH80 ke A4k (2D)
a7 = 536,892 87,426
ASE < B3 474,079 84,566
THES 478,628 75,549
TAE= 504,110 76,795
AgE= 615,810 99,323
dehd= 529,544 94,569
AEE 515,923 84,655
AE= 519,586 93,562
A F = - _

¥ AREA  [FA=AH FAGEA A, 2002) ]
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KA | AT | RFAN | AR
A wYEd 2 Y 2,019,888 430,223 5,658,394 756,792
B. o4 - - 147,937 29,645
C. 34 97,018 5,263 51,867 3,544
D. A=Y 128,027 69,070 450,154 93,276
E. 271712 2 $52AK] 2,999,004 3,984 2,035,252 95,653
F. 1444 67,774 36,033 27,632 4,020
G =4 9 AWAEEe Y 27,422 14,631 49,624 26,729
H <3F 3 523 30,237 1,073 49,215 371
[ &1 2 34 111,579 1,271 69,761 1,403
J 2 8HEEY 31,806 366 31,459 2,243
K. F-52hdt) 31 AR A 24 79,926 8,986 81,446 2,005
L 3E94.3Y 2 ] ] ] ]
REEELE
M. 54 H] =Y 83,921 4 37,172 12
N. B 2 AR EA ALY 38,935 1,948 60,297 1,658
i?;] FEAE B A 53,858 424 67,314 288

AgEA  [FRFARA RAAGEA A, 1999) ]
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9] F5xd WY | 853F 6
A |ZH]|-L (1L 7 = 9] e ZHol-] e ZH9]-2 Hol& 7}1-2
T3 | O R o v 71 %7]— o - %7]’_1 o - L L
2008 . . - - - - - .
2009 | 21,337 20,225 45,160 42,806 . -1 45160 42,806
2010 | 21,337 19,171 45,160 40,574 - -1 45,160 40,574
2011 | 21,337 18,171 45,160 38,459 - -1 45,160 38,459
2012 192 155 3,851 3108 2,676 2,160 1,175 948
2013 192 147 3,987 3,051 2,313 2,152 1,175 399
2014 192 139 4,128 2,994 2,953 2,142 1,175 852
2034 192 48 8,082 2,009 6,907 1717 1175 292
2035 192 45 8372 1,972 7,197 1,696 1175 277
2036 192 43 38,674 1,937 7,500 1675 1175 262
2037 192 41 3,989 1,903 7,815 1,654 1,175 249
2038 192 38 9,317 1,869 8,143 1,634 1175 236
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2051 192 22 15,076 1,707 13,901 1,574 1,175 133
2052 192 21 15,660 1,697 14,485 1,569 1175 127
2053 192 20 16,268 1,687 15,093 1,565 1,175 122
2054 192 19 16,902 1,677 15,727 1,560 1,175 117
2055 192 18 17,563 1,667 16,388 1,956 1,175 112
2056 192 17 18,251 1,658 17,076 1,951 1,175 107
2057 192 17 18,968 1,649 17,793 1,547 1,175 102
2058 192 16| 19,715 1,640 18,541 1,543 1175 98
2059 192 15 20,494 1,632 19,320 1,533 1175 94
2060 192 15 21,306 1,623 20,131 1,534 1175 89
2061 192 14 22,151 1,615 20,976 1,529 1175 36
BR) WA (FE7HA) 17,403
44 | 30,917 60,378 47,632 244,517 453,419 88,037 103,892 139,077
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& A 24 | @S| 0040 10338 38 96 25152 76 19116
o 7321 24 | G0 952 9940 308 95 25152 76 19119
o |84 2 |@o%| 58 5158 150 3 414 7 308
°lan 2 |Goe| 488 5008 150 3 414 74 309
3 A 119,912

¥ b7 2 Hol gA o2 Ae 7t AH)

-~

O

off
> ol

=] s 4

=

A AAAAIY A3 $o] ], 77180, 7' AR

kol of

)

- 218 -



HE wmste] A &) 4%
- AR ¥, EVHE, 0o
- Am AR AGAE G A x EIPEYAF

[ 6.43] AbFHE A A wiAtd |57

)

o Ehe) Y

had G57dHl

ha?d | x| o3
. EIEESD
2+2v] 24 782 2 |t | G

A A | AL FE | AL A | AL F
=
(A ) 485,721 471,065 500,700  485,721] 29,635 109 3,230

(Bﬂ%,‘jﬂi%t) 17,943,374 17,930,383 17,956,364 17,943,374 25,981] 24 624

Qo

Q0]
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