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Abstract

Keywords: Overall review, Deliberation system, Climate change, Inundation

modeling, Adaptive strategy.

A. Background

Extreme rainfall phenomenon of global warming and climate change causes
serious flooding in many parts of the world. In Taiwan, the flooding prevention and
mitigation is tried to use the concept of urban planning to cope with this threat. The
urban planning is to use the adjustment of land partition and establishment the
guideline of planning and design for rainwater infiltration and detention. This
project investigates how to implement the concept of integrated water management
in urban areas and to analyze the impact of extreme rainfall on urban flooding.
Proposed adaptive strategies include the adjustment land partition, the control of
land use, public facilities, detention area, and penetration detention facilities based
on model simulation results. From the perspective of urban planning, the concept
of urban land use planning must be introduced the methodology of flooding
detention. The application of special land use designation provides the response of
urban design guidelines in order to maintain detention and flooding control
function. Maximize the effectiveness of land use to absorb flooding water and meet

the security needs of urban area when the flood occurs.

For the act amended, the Ministry of the Interior issued the implementation
approach of urban planning regular comprehensive review on January 6, 2011. The
implementation approach provides the guideline based on ecology and disaster
prevention principles to adjust land use zoning and to fix the planning and design of
rainwater infiltration and detention. On the other hand, for the implementation of
land development and construction management fully integrated into the flood

control management mechanisms, Construction and Planning Agency also actively

XII
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deal with the work for “Priority demonstration case for the overall review on urban
planning flood control”. The Agency collects land use zoning and control
experiences in real case for other city governments to service as the reference when
they execute the overall review on urban planning. The Architecture and Building
Research Institute, Ministry of the Interior convened the workshop on "The 2012
urban water control strategies to implement in urban planning and urban design
review" also updated the urban planning overall review and the review processes to
the implementation of prevention and control on urban flooding water. The review
processes would include disaster prevention specialized units and experts in

hydraulics to strengthen flood control function.

This project emphasizes the assessment of modeling techniques and hands-on
experience as the basis to deliberate on consideration of urban planning overall

review and to provide some useful suggestions.
B. Study methodology and content

This project is to implement the integrated water management concept in
urban planning and to analyze the impacts of extreme rainfall under climate change
and urban development on urban flooding at the demonstration area. Based on the
simulation results, urban planning overall review and relevant norms can be fully

investigated. The research methods are given as follows:

Item one is to collect and compile literatures and cases about urban planning
which is integrated water management. Research provides some recommendations

for urban planning deliberation.

Item two is to propose the review for urban planning deliberation according to
model simulation results at the demonstration area and provide the operation

manual of simulation technology.

Item three is to handle expert consultation meeting to unite the consensus of

urban planning administrative boundaries and practitioners boundaries and to

XIII
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promote the influence on flood mitigation and prevention.
C. Important discovery

Typhoon Nari event is a significant flooding event in Taipei city, serving as
model validation. The simulated results of inundation extent were consistent with
the field survey which pointed out that the river water level outside the dike and
pumping station failure result in serious impact on urban flooding. If timely
completion the break closure at dike embankment, the urban inundation would be

prevented and mitigated.

In this study, we proposed the first adaptive strategy is to adjust land use
zoning at the inundation area and the second adaptive strategy is the use of public
facilities with multi-objective to enhance the detention capacity. Simulation results
showed that comparison present condition between future climate change scenario
under 10-year, 25-year, 100-year, and 200-year return period in 24 hours rainfall
duration increased by the amount of 41%, 43%, 47%, and 52% inundation extents,
respectively. However, if first adaptive strategy was adopted, inundation extents
reduced by 26%, 24%, 21%, and 20%, respectively, comparing to climate change
scenario. If second adaptive strategy was adopted, inundation extents reduced by
42%, 37%, 32%, and 30%, respectively, comparing to climate change scenario. We
found that the effectiveness of adaptive strategies decreased with larger return

periods.

Currently the information regarding to the combination of potential inundation
simulation technology and urban planning overall review in domestic is quite
scarce. The main reason is that the potential inundation simulation technology is
belonged to expertise in hydraulics which is different with the expertise in urban
planning. The cross-sector cooperation will be more important when facing

extreme weather and limited land use in urban areas.

The government had gradually modified the act of "Urban Planning
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periodically overall review of the implementation approach". The project of
integrated water management should be taken in account to include various
provisions. Through the operation of certain provisions with inundation modeling
analyses at the demonstration area, the inundation region can be clearly defined.
The concept of integrated water management can be included through the operation
of urban planning regulations. Operating manuals can be available for practitioners

who are working on deliberation system of urban planning.
D. The main recommendations
Recommendation I :

Title: Implement the detailed deliberations of practical operation manual of

overall review on urban planning
Sponsor: Architecture and Building Research Institute, Ministry of the Interior

Based on the assessment of model technique and practical regulation operation,
the highly frequent inundation area can be defined through the model simulations
and historical data. According to urban planning regulations, current situation and
possible future developments on the land belonged to public and state-owned
enterprises are investigated. Seeking appropriate improvement strategies on
inundation areas is also deliberated in order to complete practical operation manual

in details.
Recommendation 1T :

Title: Implement the relevant study on urban design and land use development

permission
Sponsor: Architecture and Building Research Institute, Ministry of the Interior

The concept of integrated water management (including LID) merges into the
urban design and land use development permission and to connect with the stage of

urban planning and construction for completing the spatial systems in flooding
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control. However the concept of integrated water management is not so familiar
with who are working on urban planning and designers. Through the viewpoint of
the manager’s and technical staff’s perspectives on current urban design guidelines
and rules, some suggestions and operational manuals can be updated and improved

to fully integrated water management concept with urban design.
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ok L # -k 18 A A PP EmMs) | K gms)
e i ok B 5 5.00 25.00
FORIEIF - I A 3 4/4.5 12.50
= VI A 3 5.00 15.00
L F ok b 6 4/6 32.00
ENNCAE B .18 5 3.00 15.00
rE X ok 4 5.00 20.00
N I IR A 1 4.00 4.00
Fl L 3 -k 2k 6 4.34 26.04
£ % 4ok i 2 0.50 1.00
& ook b 5 0.5/2 7.00

¢ dd ook 9 8.5/5/8 65.00
< B kb 12 4/4.2/4.5 51.20
=R F ok 9 14.8/7.25 110.55
¥Fra ook 16 14.8/14/5/4 151.20
e ok 2 6 7.00 42.00
AR B A 8 5/8 55.00
% L b -k b 6 5/8 39.00
3 o= ook 11 26.30/12.5 234.10
& ook EE 4 8.00 32.00
=R L I 1S 5 5 25.00
R I 2 1.50 3.00
A b 4 oK BE 4 2./0.6 5.20

[ 2BV .2 3 0.90 2.70
=D SR I 8 3 1.10 3.30
2 ok 3 0.45 1.35
A Fook 10 5/8 74.00
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B Bk 7 12.60/13.4 91.40
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- ARG K HE 4 4.00 16.00
B F kb 10 3/4/18 90.00
}% I do -k zb 2 4.00 8.00
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» F H ok 10 4/5/8 62.00
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W4 [X¥EF  J01A200 [AT#*F [1958-2008 48
W5 |* %) 01A210 |ATA 7 1974-2008 32
W6 |= % 01A220 [#7#* %  [1980-2008 26
W10 |% * (1) [01A380 |74 #  [1981-2008 23
WIL|® 24  [01A410 | # 7  [1978-2008  [30
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W13 |4 1 (3) [01A430 |74 %  |1978-2008 |30
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BB LA FIPREFRF EAZZIELATE BT R R
PRI EFTR S R B (F e BELT S LY E)UE Y Lg%
R BEEF kLT
FrrpeEnpEa g

Hd pRa i FEFRLEHTHREAT  RPERUERS
24P A8 B T2 A ARERYF BN ERD S
1.1 # 2% ~5# ~10#% ~20#& ~25# ~50+# ~ 100 & ~ 200 #

2 500 £ 0 4o d 422 S e

342 pmIwFERE (FA)
(a) kKfI & & &=
AN
N

2 CWB % |ut
% 11&22%& |5&% [10# [20& [25%&% |50& [100 & [200 & (500 &=
* B(2) 24 [109.9 [250.0 [389.9 [481.1 [566.3 |592.9 [673.3 |[751.3 [827.4 [925.9
00A130 48 [140.5(302.9 [495.9 [630.1 [759.4 [800.3 [925.7 [1049.2|1171.1|1330.6
72 |145.6 |333.2 |543.8 |687.2 (824.2 [867.3 [999.0 |1128.1{1255.2(1420.8
o 24 [137.9(321.4 [481.3 [579.9 [669.3 [696.8 [779.0 [857.5 [933.2 |1029.9
01A190 48 [170.4 [401.6 [617.7 [754.8 |881.3 [920.4 [1038.3[1151.8(1262.1|1403.9
72 |178.6 |455.8 |683.4 |819.9 [942.0 [979.2 [1089.8|1194.71295.1[1422.6
oW % 24 [253.5[279.1 [431.7 |605.5 |807.3 |876.5 [1100.9(1336.6[1580.4(1912.0
01A200 48 [267.0 [388.8 [621.1 [809.1 [1002.3(1065.2(1262.6[1462.11663.1(1930.6
72 |271.9 |457.4 |716.2 |1906.1 [1093.6(1153.6(1339.1|1523.6{1707.4 (1949.5
. 24 (140.4 [275.4 [374.0 [429.9 |478.3 [492.8 [535.4 |[575.0 [612.2 [658.8
;L:glo 48 [180.4 308.2 [471.9 |588.7 |702.6 [738.9 [850.5 [960.9 [1070.4|1214.1
72 [201.1/330.7 |506.9 |635.1 |761.2 [801.4 [925.8 |[1049.4|1172.3|1334.0
. 24 [130.3 [201.4 [293.5|359.6 |424.2 |444.7 [508.0 [570.7 [632.9 |714.6
01A220 48 (177.4 222.7 [347.2 |459.3 |579.3 |619.1 [745.5 |[875.0 [1006.9|1184.0
72 |187.9|232.8 |366.0 |488.7 [621.3 [665.5 [805.9 [950.2 [1097.4(1295.4
) 24 [120.1 [240.3 [354.8 [428.0 [|495.8 |516.8 [580.3 [641.5 [701.0 |777.7
01A380 48 [144.8 [297.1 [453.3 |556.3 [653.0 [683.2 [774.9 [864.1 [951.3 |1064.4
72 |171.0 |316.7 |513.8 |657.1 [797.9 [842.8 [981.7 |1119.5]1256.6(1436.9
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2 1122 &8 |5&8 |10& [20& [25#& [50#& (100 & 200 & (500 &
L 24 197.6 [159.2(298.1 [416.2 [539.9 [580.6 |708.9 [839.5 [971.8 |[1148.5
01A:10 1 48 (117.6 [194.5 363.4 [505.9 [654.7 |703.6 |857.5 [1014.0(1172.4]1384.0
72 1129.7 |1216.6 |395.8 |544.2 [698.1 [748.4 [906.7 |1067.21229.3 (1445.6
‘3 @) 24  1202.31385.9 (595.8 [739.7 [877.5 [921.0 |1053.9|1184.3(1312.8(1480.5
™ =+ %
01A4’;0 48 [268.0 [468.9 [760.4 [977.0 [1192.1]1261.1|1474.9[1688.0(1900.6|2181.1
72 1294.6 |509.9 |1827.8 |1065.4 [1301.8 [1377.71613.2|1848.1 [2082.7 [2392.4
51 (3) 24 |231.8[369.4 [617.6 [815.1 [1016.7]1082.21287.1(1493.7(1701.5(1977.7
AR
01A430 48 [247.4 |472.6 [765.9[976.4 [1182.0]1247.5|1449.4 (1649.3(1847.8/2108.4
72 |254.11524.9|1830.3 |1038.7 [1237.7[1300.41492.01679.8 [1864.8 [2105.9
. K 24 |156.7 [309.7 [430.7 [502.1 [565.3 |584.5 |641.3 [694.9 [745.9 |810.4
01A440 48 [203.7 [363.2 552.0 [683.0 [809.3 [849.2 [|971.5 [1091.9(1210.8(1366.2
72 |218.11403.11612.3 |755.2 |[891.7 [934.8 [1066.3|1195.2(1322.1(1487.7
= 1 (4) 24  (130.5(323.9 [484.4 [581.1 [667.9 |694.4 |773.3 |[848.1 [919.9 |1011.1
01A450 48 |161.1 |416.1 [626.7 [753.3 [866.9 [901.5 |1004.5(1102.2(1195.9(1314.9
72 1170.9 |455.0 |1679.1 |811.1 [928.0 [963.5 |1068.4|1167.2(1261.4(1380.4
- 24 (169.2 [206.5 [334.7 [458.2 [593.7 1639.1 [|784.1 [933.9 [1087.211294.0
(;1Bﬂ030 48 [203.2 [247.5 [423.6 [600.7 [798.0 |864.5 |1077.9(1299.4(1526.7|1834.1
72 1210.3 |265.1 |464.9 |660.5 [876.5 [949.0 [1181.1]1421.3(1667.4(1999.6
M) »EF%hhEEEF L
e € Ry
##
it pE
CWB % 1122 & [5&#2 (10 Poxr [25& [50# (100 & [200 & [500 &
L
24 [117.7 [196.0 [278.2 |332.9 |384.4 |400.6 |449.7 [497.5 |544.4 |605.3
&k
48 [139.4 [235.6 |349.3 |428.2 |504.1 [528.1 |601.7 |674.1 |745.5 (839.0
466900
72 [159.5 |256.1 |386.1 |480.5 |573.3 1602.9 [694.3 [785.0 [875.2 [993.8
¥ 2% 24 |181.0 [376.8 |542.7 |643.7 |734.7 |762.5 |845.7 [924.8 [1000.8 {1097.7
466910 |48 [|216.4 |473.8 |741.8 [919.3 [1086.5 [1138.8 [1297.7 [1452.4 [1603.9 [1800.4
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ek REFF D R FRINRZ MR LY (- )3 R Fiecd

3 A € R
#e

i pE
CWB % 1.1 # 2 # 5 & 10&# [20#& [25 % |S0# 100 & (200 & |500 #
B

72 285.0 [506.5 [824.9 (1060.8 [1294.8 [{1369.8 |1602.1 |1833.6 |12064.512369.0

24 105.2 1167.2 |1247.8 |1305.7 [362.2 |[380.2 [435.7 [490.7 |545.3 1616.9
4

48 135.6 1199.3 |1295.7 |368.3 [440.7 [464.1 [536.4 [608.8 |681.0 |776.6
466920

72 153.1 1219.2 1321.7 |1399.4 |477.3 |[502.4 [580.4 [658.4 |736.4 |839.6

24 200.9 [397.1 [590.1 (715.1 (831.6 [867.8 [977.4 |1083.6|1187.111320.8
HF P

48 260.4 [505.5 [786.3 (979.0 (1163.6(1221.811399.911574.6 |1746.9 |1971.7
466930

72 297.4 [554.8 [883.3 (1117.3 (1345.3{1417.811641.01]1861.8 |12080.7 |2368.0

24 134.7 1203.1 |1286.3 |344.5 [400.9 [418.7 [473.5 [527.6 |581.0 |651.0
A KB

48 161.3 1259.8 |1368.0 |441.2 |510.7 |[532.6 [599.2 [664.4 |728.5 |811.9
466940

72 192.51291.7 |1417.6 |507.1 [594.3 [622.0 [707.3 [791.7 |875.3 ]985.0

(FR KR THERPRBEELD S FTAF  PFIRIEAKLD B
BEBLATE 0 SARIE 0 2010)

% Maais

LUPFLBEFE AT R FEPET R 0 R F (1999)F
BB BEFLEE A RAEAE NS 50%-T0% 0 &2 A
L 10%-20%:; " ‘Bt pEl A B AR S E 2 A a T R W
E ot pER] 5 A P (SEIo A2bd b A E S A 72
%o fl* SSGM & Az #Fft > RF LY B L A P2 aF e 3L
EPEE RS L R AT

1. % pF % 12hr 2 F @ & F] = v 5 24 % A

2. #wEPE L 24hr 2 b oo F]=w b R 48 B 4

3. P A 36hr 1 b L@ Flx b i 72 % A
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FASNTNAS LY L F kA BEEF b kI

A ki A A A o

4-8 #¢7 o

HOE i PR 2 &

@5 = 4k

— P

% 4vd 4-3 1 4

R R & Kk ¥ 3 % A HI P 2B BRQ) ¥F»
1 0.40 1.10 0.85 0.98 1.18 3.43 1.35
2 0.49 1.46 1.10 1.23 0.69 1.20 1.33
3 0.09 0.24 0.60 0.87 0.75 1.53 1.25
4 1.07 1.17 1.13 1.04 1.12 1.92 1.47
5 1.93 1.54 1.71 1.44 1.76 1.49 1.81
6 1.51 2.00 1.59 1.25 1.86 2.07 1.28
7 1.88 2.51 1.85 2.31 2.59 2.81 1.68
8 2.86 2.85 3.40 2.65 3.95 3.47 2.20
9 3.39 3.45 5.53 3.53 4.79 4.31 2.59
10 4.70 5.20 6.88 4.20 7.81 5.07 3.53
11 7.73 7.90 12.30 7.35 13.73 7.83 4.03
12 13.33 12.78 20.11 12.75 20.38 10.33 6.24
13 18.75 17.81 14.05 16.71 13.31 16.28 7.96
14 10.92 11.18 8.64 11.78 9.73 9.51 16.36
15 8.66 7.89 4.76 7.98 4.53 5.44 15.38
16 4.92 5.39 3.33 6.45 2.73 4.59 9.43
17 4.14 4.16 2.71 4.86 2.30 3.27 6.07
18 3.69 3.38 1.81 4.10 2.02 3.34 4.16
19 3.00 2.45 1.71 2.65 1.41 2.94 3.49
20 1.65 1.80 1.66 1.77 1.35 2.44 2.51
21 1.59 1.29 1.39 1.17 0.43 1.82 1.96
22 0.65 0.77 1.30 1.13 0.60 1.99 1.57
23 1.50 1.11 0.92 1.09 0.69 1.49 1.45
24 1.16 0.57 0.68 0.71 0.30 1.44 0.88
% 44 L PFQ24 2 A)E R SSGM %+ & 3 (%)
dama tag ag o CTEOEL a0 T g,
OO (4)

1 1.48 1.59 1.68 1.14 1.53 1.68 1.44 1.25
2 1.30 1.75 1.63 1.53 0.89 2.02 1.33 1.60
3 1.59 1.99 1.97 1.42 0.96 2.00 1.06 1.72
4 1.59 2.19 2.17 1.59 1.59 2.15 1.55 1.53
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sama vy cn 0 P AN g By
Hm @ 3 )
5 1.36 2.56 2.56 2.14 2.08 2.12 1.84 2.07
6 2.01 2.69 2.56 1.84 2.48 2.34 1.76 2.52
7 2.03 3.75 3.04 2.37 2.97 3.47 2.22 3.22
8 2.61 4.65 4.94 2.48 3.03 3.46 3.29 4.01
9 2.79 4.86 6.21 3.02 3.67 4.05 4.29 7.36
10 3.41 6.77 6.29 3.89 3.57 3.84 6.01 10.83
11 4.56 10.82 9.30 6.12 4.11 4.47 8.47 18.96
12 5.95 15.20 17.38 10.05 5.33 4.71 9.36 10.51
13 8.66 6.73 9.54 15.99 10.03 6.54 16.08 7.69
14 16.87 5.35 6.72 12.39 15.44 16.38 10.86 5.66
15 13.83 5.07 4.69 9.75 10.76  7.66 6.08 4.63
16 9.47 4.38 3.50 6.97 6.27 6.63 5.13 3.53
17 6.49 4.40 2.75 4.79 6.05 6.14 4.93 3.05
18 3.64 2.82 2.83 3.53 4.99 4.25 3.75 2.17
19 2.68 3.57 2.47 2.48 4.46 3.96 2.86 1.76
20 2.18 2.66 1.69 2.01 3.66 4.43 2.02 1.49
21 1.57 2.07 1.83 1.90 2.69 2.66 1.57 1.34
22 1.52 1.68 1.80 1.50 1.77 2.27 1.71 1.10
23 1.36 1.41 1.42 0.74 1.28 1.58 1.43 1.12
24 1.02 1.06 1.03 0.36 0.40 1.20 0.95 0.90

(FRER THRPRBE 13 3589 PRIRE AR -k
BEE LA E o Ak E > 2010)
£ 45 L pFA8 R A )% A SSGM % 3+ & 4

AR Kok WM Er B3P AR ERQ) TP
1 1.04 0.77 0.54 0.50 0.26 0.57 0.81
2 0.61 0.90 0.68 0.41 0.49 0.65 0.81
3 0.74 0.83 0.68 0.59 0.18 0.43 0.81
4 0.60 1.01 0.62 0.57 0.10 0.36 0.67
5 0.47 0.08 0.48 0.54 0.42 0.60 0.75
6 0.06 0.74 0.53 0.09 0.20 0.67 0.86
7 0.92 0.87 0.64 0.33 0.41 0.63 0.90
8 1.09 1.05 0.71 0.66 0.58 0.62 0.85
9 1.19 1.08 0.73 0.75 0.56 0.54 0.82
10 1.14 1.19 0.79 0.79 0.67 0.66 0.89
11 1.13 1.20 0.70 0.60 0.62 0.82 0.50
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EO e A

AR Ak B Epr B3I AR BFRQ) B
12 1.19 1.30 0.74 0.65 0.64 1.00 0.56
13 1.26 1.28  0.83 1.11 0.77 0.95 0.67
14 1.34  1.45  0.37 1.15 1.21 0.93 0.85
15 1.40 1.55  0.86 1.27 1.73 1.14 1.01
16 1.27 1.54  1.24 1.28 1.56 1.22 1.08
17 1.38  1.59  1.44 1.57 1.88 1.30 1.27
18 .52 1.77  1.72 1.73 2.04 1.26 1.29
19 1.60 227  1.89 2.01 2.45 1.52 1.76
20 1.82 2.67  2.04 2.21 4.89 1.99 1.96
21 2.17 3.18  2.59 3.00 6.07 2.44 2.04
22 2.81 3.80  3.75 3.57 10.48  2.89 2.09
23 376 4.52 4.42 4.45 12.81  3.38 2.66
24 3.92 579 6.97 6.19 9.24 4.69 3.51
25 4.14  6.45 10.71  9.25 7.69 6.64 4.06
26 541 9.09 1232 8.50 6.15 7.50 4.16
27 6.36 6.70  7.54 8.24 5.00 10.27  6.22
28 7.89 532 6.22 5.28 4.22 9.12 10.37
29 7.37  4.49  3.74 4.79 2.23 7.41 9.40
30 526 3.02  2.97 4.36 1.79 6.40 6.92
31 3.82  2.65  2.50 4.00 1.41 4.62 5.04
32 3.27 2.34 225 2.90 1.11 3.50 4.48
33 3.17 2.08  1.98 2.65 1.06 2.97 3.61
34 220 1.99  1.68 2.25 1.05 2.18 2.24
35 2.01 173 1.40 2.08 1.13 1.43 1.78
36 2.00 1.62  1.24 2.01 1.03 1.10 1.76
37 1.73  1.48  1.18 1.32 0.87 1.00 1.56
38 1.46 1.22  1.20 1.15 0.74 0.64 1.43
39 1.18 1.14  1.03 0.95 0.78 0.74 1.07
40 1.18 095  1.07 0.59 0.72 0.39 0.89
41 1.04 0.75  0.89 0.46 0.26 0.32 0.82
42 0.82 0.78  0.81 0.49 0.18 0.32 1.01
43 0.53  0.34  0.79 0.51 0.39 0.49 0.82
44 0.10 0.70  0.80 0.42 0.31 0.38 0.67
45 1.19  0.77  0.60 0.51 0.37 0.45 0.68
46 1.17  0.77  0.46 0.49 0.52 0.41 0.67
47 .17 0.69  0.39 0.43 0.40 0.38 0.53
48 1.08 0.50  0.27 0.34 0.34 0.10 0.40

51



JBREN
|

ed
Wi YRd

KIEFF 3 4

BARFIRZ MR

e

1

(= )-fs L §

ot

% 4-6 £ (48 £ 2 )% & SSGM %+ & 3] (¥)
wama tmy w0 CTF S el PRy
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1 0.59 0.49 0.84 0.08 0.67 0.66 0.74 0.44
2 0.67 0.62 0.41 0.55 0.88 1.07 0.85 0.58
3 0.45 0.53 0.15 0.62 0.61 0.88 0.85 0.79
4 0.39 0.63 0.40 0.60 0.57 1.15 0.45 0.68
5 0.62 0.74 0.29 0.67 0.57 1.02 0.48 0.87
6 0.69 0.75 0.73 0.41 0.65 0.93 0.47 0.65
7 0.65 0.97 0.81 0.61 0.66 0.92 0.73 0.74
8 0.64 1.06 0.93 0.68 0.79 1.12 0.88 0.94
9 0.56 1.40 1.01 0.93 0.90 1.16 0.87 0.96
10 0.68 1.21 1.10 1.00 0.98 1.20 1.14 0.97
11 0.84 1.41 0.98 0.86 1.04 1.22 1.02 1.10
12 1.02 1.18 0.95 1.15 1.42 1.52 0.94 0.92
13 0.96 1.12 1.21 1.01 1.55 1.87 1.09 1.08
14 0.94 1.08 1.49 1.16 1.65 2.20 1.22 1.31
15 1.15 1.26 1.97 1.16 1.59 1.94 1.49 1.24
16 1.24 1.67 1.54 1.27 1.93 1.83 1.40 1.33
17 1.31 1.49 1.84 1.43 2.05 2.48 1.59 1.51
18 1.27 1.62 1.95 1.55 2.12 2.27 1.86 1.70
19 1.53 1.98 1.88 2.03 1.82 2.54 2.03 2.18
20 1.99 2.26 1.93 2.42 1.82 2.48 2.46 2.84
21 2.44 2.59 2.50 3.14 2.33 3.50 2.89 2.73
22 2.87 2.61 2.85 3.32 2.15 4.00 3.16 3.93
23 3.36 3.57 3.78 5.27 3.03 4.75 3.22 5.47
24 4.65 4.71 6.47 5.54 3.82 4.44 3.52 7.04
25 6.58 5.73 10.56 7.33 9.23 6.39 5.44 8.76
26 7.42 9.05 8.14 9.38 7.85 9.73 7.90 9.73
27 10.15 5.66 6.47 6.76 6.38 4.72 10.18 7.76
28 9.02 5.47 5.27 6.40 5.60 2.35 5.93 5.11
29 7.33 4.32 3.57 5.58 4.89 2.11 3.52 3.85
30 6.34 4.39 3.53 4.98 3.25 2.05 3.41 3.49
31 4.59 3.20 2.50 3.51 2.72 2.36 3.49 2.45
32 3.48 3.15 2.39 3.29 2.90 2.34 2.58 1.88
33 2.96 2.79 2.05 2.58 2.78 2.21 2.96 L.77
34 2.17 2.41 1.71 2.32 2.42 2.03 2.75 1.81
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e BE AFP AL P 4k -
&) (2) 3) 4)

35 1.44  2.04 1.88 1.57  2.23 1.63 2.12 1.50
36 1.11 1.63 2.02 1.58 1.98 1.45 2.06 1.33
37 1.02 1.91 1.78 1.27 1.89 1.43 1.75 1.17
38 0.66 1.86 1.32 1.01 1.80 1.61 1.40 1.29
39 0.76 1.39 1.04  0.90 1.52 1.56 1.28 0.87
40 0.41 1.39 0.90  0.81 1.51 1.63 1.32 1.14
41 0.34 1.30 1.08 0.84 1.36 1.43 1.19  0.97
42 0.34  0.91 .12 0.71 1.16 .12 0.86  0.85
43 0.52  0.94 1.00  0.59 1.01 1.24 096  0.63
44 0.41 0.99 0.98 0.56  0.75 0.95 0.91 0.60
45 0.47  0.90 0.67 0.27  0.61 0.77  0.88 0.43
46 0.44  0.62 0.89 0.16 0.54 0.70 0.64  0.31
47 0.40 0.54 0.66 0.06 0.05 0.56  0.69  0.21
48 0.13 0.49 0.47  0.08 0.03 0.52  0.43 0.11

(FR KR TP

o
S
n-

LRI P TR B SF UL NS -2

BE AT E 0 EACKAE 0 2010)
% 47 % # (72 2 £ )% & SSGM &3 & 3

#ARD ok

R PR | KK e 3n . wnEP AR O FPmEQ O BP
1 0.79 0.85 0.35 0.28 0.44 0.87 0.51
2 0.74 0.85 0.40 0.45 0.50 0.99 0.50
3 0.51 0.84 0.43 0.25 0.61 0.09 0.48
4 0.73 0.76 0.41 0.36 0.51 0.07 0.47
5 0.80 0.87 0.40 0.49 0.52 0.63 0.44
6 0.81 0.85 0.37 0.50 0.44 0.73 0.48
7 0.76 0.05 0.38 0.55 0.45 0.76 0.55
8 0.67 0.68 0.39 0.29 0.18 0.73 0.54
9 0.59 0.72 0.45 0.08 0.31 0.77 0.59
10 0.86 0.80 0.47 0.38 0.46 0.86 0.61
11 0.91 0.83 0.51 0.39 0.51 0.86 0.66
12 0.91 0.89 0.46 0.48 0.60 0.71 0.58
13 0.93 0.87 0.48 0.46 0.47 0.73 0.63
14 0.95 0.97 0.51 0.45 0.72 0.74 0.61
15 0.87 0.95 0.45 0.52 0.58 0.75 0.62
16 0.89 0.98 0.40 0.55 0.55 0.81 0.75
17 0.85 1.01 0.43 0.57 0.57 0.91 0.69
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FEie kAR PR FRAIRE MR LY (- )0 PR e
R EEA | Kok B d4 A3 w AR rRQ) FR
18 0.89  1.02 045 057  0.56 .14 0.79
19 0.90 099 058 074  0.54 .12 0.74
20 0.93 1.02 018 077 077 094  0.79
21 1.04  1.10  0.04  0.73  0.99 1.01 0.68
22 1.09  1.10 034  0.85 1.28 1.10  0.84
23 1.09  1.05  0.51 0.74  1.18 .10 0.81
24 0.95 1.10 0.69  0.82  0.98 .10 0.83
25 0.95 1.08  0.70  1.02 1.18 1.35  0.93
26 0.98 1.09  0.74  1.06 1.31 1.35 1.02
27 1.08 112 0.84  1.04 135 1.36  0.87
28 .10 1.23  0.92 1.07 1.39 1.55 1.13
29 .14 1.31  0.95 1.20  1.88 1.85 1.35
30 1.24  1.44 1.04 135 239 224  1.41
31 1.38 1.64 1.23 1.88  2.91 3.23 1.47
32 1.64  1.79 1.74 229 595 376  1.16
33 2.03  2.06 1.96 2.6l 7.38  4.82 1.34
34 239 224 213 313 878  5.382 1.48
35 232 260 223 425 6.1l 6.03 1.48
36 230 313 271 464 474 6.01 1.76
37 2.27  3.04 324 685 435 408 220
38 272 472 395 546 412 3.09 241
39 3.19 507 526 545 342 201 241
40 323 419 666 570 291 1.82  3.17
41 3.54 332 879 458  2.67 1.92  4.88
42 5.08  3.17  9.43  3.39 1.94 1.59  6.62
43 534  3.04 552 3.17 1.31 1.34  7.36
44 429 230 467 290 1.2l 1.27  4.98
45 282 1.85 330 2.6l 0.99 .22 3.84
46 1.98 175 238 2.64  0.84 1.06  3.24
47 1.79 171 270 232 0.78 1.05  3.07
48 1.67  1.56  2.72 1.86  0.69 1.09  2.94
49 1.52  1.43 1.53 1.78  0.69 1.14  2.47
50 1.41 1.41 1.31 1.51 0.78  0.90  1.81
51 139 1.30 1.15 135 090 090  1.50
52 122 1.23 .10 1.39  0.83 1.01 1.36
53 1.28 1.20  0.91 1.35  0.88 1.28 1.25
54 1.33 120 0.80  1.28  0.84 1.17 1.29



Fr i k2 A4

R PER | Kk e 3n P& B3P AR PRQ) ¥
55 1.21 1.14 0.72 0.95 0.68 0.99 1.22
56 1.09 0.96 0.63 0.76 0.79 0.95 1.25
57 1.06 0.99 0.69 0.78 0.77 0.90 1.02
58 0.90 0.99 0.56 0.68 0.77 0.95 0.82
59 0.93 0.76 0.48 0.39 0.79 0.88 0.81
60 0.97 0.90 0.57 0.27 0.70 0.87 0.59
61 0.93 0.76 0.43 0.18 0.52 0.41 0.61
62 0.88 0.78 0.34 0.33 0.42 0.53 0.90
63 0.74 0.76 0.40 0.29 0.52 0.75 0.90
64 0.54 0.65 0.45 0.33 0.52 0.78 0.74
65 0.32 0.56 0.39 0.20 0.48 0.85 0.61
66 0.05 0.80 0.42 0.27 0.38 0.78 0.50
67 0.87 0.79 0.33 0.30 0.37 0.68 0.45
68 0.85 0.78 0.26 0.19 0.62 0.65 0.56
69 0.91 0.78 0.19 0.24 0.52 0.53 0.54
70 0.93 0.79 0.15 0.21 0.35 0.58 0.41
71 0.89 0.73 0.23 0.13 0.32 0.60 0.43
72 0.84 0.69 0.12 0.08 0.24 0.54 0.26
£ 48 R (722 4)% A SSGM & #+ & 3 (§)
> HF P 5 L $54
AR |(VER AR = v XL i i
(1) (2) 3) 4)

1 0.47 0.28 0.63 0.08 0.51 0.42 0.41 0.70
2 0.52 0.49 0.68 0.61 0.60 0.58 0.44 0.33
3 0.66 0.45 0.51 0.59 0.68 0.73 0.44 0.15
4 0.53 0.46 0.53 0.65 0.51 0.61 0.49 0.07
5 0.41 0.50 0.55 0.69 0.53 0.56 0.47 0.50
6 0.57 0.69 0.33 0.71 0.50 0.70 0.09 0.78
7 0.65 0.71 0.09 0.74 0.52 0.53 0.27 0.75
8 0.63 0.76 0.36 0.69 0.53 0.57 0.27 0.63
9 0.67 0.67 0.42 0.58 0.55 0.41 0.36 0.59
10 0.69 0.75 0.52 0.70 0.50 0.50 0.51 0.63
11 0.72 0.72 0.53 0.66 0.55 0.53 0.60 0.75
12 0.64 0.77 0.56 0.70 0.60 0.65 0.65 0.78
13 0.58 1.07 0.55 0.74 0.67 0.64 0.63 0.89
14 0.59 0.88 0.55 0.81 0.67 0.68 0.76 0.81
15 0.71 0.80 0.62 0.81 0.74 0.74 0.79 0.88
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sama vy cn o PN g T g
Hm @ 3 )
16 0.77 0.94 0.65 0.83 0.78 0.62 0.74 0.97
17 0.83 1.11 0.54 0.87 0.93 0.70 0.67 0.96
18 0.82 0.92 0.76 0.98 1.10 0.75 0.62 0.95
19 0.87 0.92 0.89 0.92 1.15 0.87 0.80 0.85
20 0.73 0.87 0.94 0.99 1.14 1.04 0.77 0.96
21 0.85 0.70 1.08 1.10 1.17 1.08 0.80 1.18
22 1.03 0.68 1.36 1.12 1.07 1.08 0.91 1.22
23 1.06 0.90 1.20 1.19 1.43 1.05 1.04 1.17
24 1.08 0.91 1.01 1.31 1.46 0.96 0.97 1.22
25 1.15 0.77 1.03 1.35 1.46 1.40 1.04 1.46
26 1.11 0.87 1.36 2.42 1.46 1.38 1.09 1.72
27 1.01 0.93 1.21 2.36 1.36 1.45 1.27 2.66
28 1.12 1.05 1.28 2.04 1.26 1.91 1.25 2.92
29 1.30 1.20 1.13 2.42 1.08 1.82 1.65 3.71
30 1.57 1.15 1.37 2.39 1.29 2.02 1.86 3.59
31 1.81 1.07 1.94 2.82 1.60 2.88 1.97 3.89
32 2.29 1.25 2.02 3.18 1.53 3.57 2.42 4.59
33 2.61 1.15 2.54 3.35 1.40 4.85 2.43 4.75
34 2.68 1.39 3.28 5.73 1.62 6.46 2.51 6.19
35 3.76 1.66 5.18 6.37 1.87 6.86 2.61 5.09
36 4.78 1.71 6.46 4.59 2.10 6.85 3.29 3.64
37 6.02 1.71 6.23 3.25 3.49 4.65 4.28 3.37
38 7.30 1.89 5.79 2.61 4.94 4.89 7.10 2.77
39 4.42 2.67 3.71 2.10 6.44 3.52 6.36 2.19
40 3.67 3.01 3.42 1.84 4.67 1.93 5.47 1.96
41 2.79 4.93 3.26 1.69 4.78 2.04 3.53 1.61
42 2.72 6.58 2.93 1.60 3.83 1.13 2.99 1.24
43 2.58 3.98 1.94 1.47 2.91 1.11 2.41 1.19
44 2.37 2.82 2.01 1.43 2.32 0.85 2.42 1.16
45 2.52 2.87 1.91 1.40 2.17 1.06 1.99 1.15
46 2.16 3.30 1.37 1.44 1.86 1.35 1.99 1.13
47 1.87 3.11 1.27 1.49 2.03 1.51 1.67 1.08
48 1.85 2.85 1.24 1.33 2.09 1.28 1.52 1.08
49 1.75 2.55 1.15 1.22 1.98 1.11 1.81 1.20
50 1.46 2.01 1.05 1.33 1.77 1.18 1.84 1.07
51 1.23 1.96 0.99 1.19 1.55 0.99 1.63 0.87
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(1) (2) 3) (4)
52 1.08 1.77 1.01 1.12 1.43 0.89 1.31 0.86
53 1.00 1.57 1.10 1.10 1.26 0.88 1.22 0.86
54 0.90 1.64 1.06 1.20 1.23 0.76 1.17 0.84
55 0.93 1.65 1.14 1.17 1.19 0.74 0.98 0.75
56 0.82 1.59 0.98 0.97 1.15 0.81 0.89 0.74
57 0.64 1.82 0.97 0.87 1.09 0.84 0.71 0.73
58 0.79 1.51 0.86 0.85 0.94 0.35 0.53 0.61
59 0.72 1.17 0.74 0.75 0.95 0.42 0.74 0.51
60 0.60 1.06 0.81 0.76 1.00 0.77 0.67 0.60
61 0.59 0.99 0.87 0.76 0.89 0.88 0.77 0.66
62 0.50 0.79 0.94 0.75 0.76 0.77 0.54 0.67
63 0.51 0.71 0.86 0.72 0.76 0.71 0.54 0.66
64 0.53 0.78 0.78 0.72 0.75 0.84 0.65 0.62
65 0.53 0.86 0.91 0.75 0.61 0.68 0.65 0.65
66 0.41 0.74 0.79 0.73 0.52 0.50 0.60 0.62
67 0.51 0.92 0.60 0.65 0.49 0.37 0.66 0.63
68 0.47 0.58 0.57 0.63 0.49 0.37 0.57 0.66
69 0.43 0.46 0.70 0.57 0.39 0.39 0.47 0.57
70 0.44 0.36 0.53 0.52 0.15 0.34 0.58 0.55
71 0.37 0.33 0.45 0.42 0.11 0.32 0.45 0.65
72 0.26 0.30 0.43 0.52 0.09 0.32 0.38 0.53

(FA KR TP RS2 £ 3700 ~ P EIBE ABD 4K
AW LA & 0 EACRA1E 0 2010)

o8 jusdpPriag

TE R FRRBOREERNEEFINFIER T2 EFF
B AL 22001 £ R %8 % ™4 A ¢ (Intergovernmental
Panel on Climate Change , IPCC) 2 3™ i 3F £ & 3| L #f 05 & §_13
F A F YD F CRERM A X TEER Y A B ;I}L.g\;;u
ABRRER A R R F ORI E Ry AR
HAXKRARE - T2 2007 # 5§ ¥ By TR Qlﬂ d o g
2 100 # (1906~2005 & ) > T F R G 2 HF 074 8 > & K
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SR

&

F R M- FF e BT R (Ao T A BT
Bov MR RN ) FAPF L RKF o

2011 gtk flF 2 T RE R RELGFRAL
FHOFAM?Y 32 NP EFFERBLRERRE G TR FHEA
% 4 %% SRES % A2-AIB-Bl 2 = 84 F R T 2 k2 %
CRERCRENMEF EABFHRESER ST A F L AR
7 f ;% o SRES {8 ( The Special Report on Emissions Scenarios )
5 IPCC »t 2000 & 3 % &4 A k20 22 % 3 ik § ~ Gl fL 3 -
B E RN ZETEHE o~ N5 AIVA2YBlI B2 B i A0 #
PEY A AY B AR AkaEAL (A) D FEeFE;
é:ﬁ(B)uﬁa%ﬁ%i:&i1ﬁ2m¢waﬁ%%mﬁg
(1) L2t gFE & (2) BLFERBELE - FREP &

: (Nakicenovic et al., 2000; = & z& et al., 2011)
30 AlLfR

B rrgASEbE o 2 A vk 21 ¥ HE ARG
RSB o PHE R AT Y § o F o 2t AR
oo AT E LR A A ARRTRT SRS L ERE AL
FR¥eT  HIPEF BN AR 7 & 30T = BN
B

AIB @ TR} I pra@n 2Lp v g 7 (L gl 5 B T g

AIT D i ehE 2 LR B > ¥4 0 F L splaug s o

AIFL: % (2 504 & i Rend A -

FEBERAIEL R AL FET L ERAPE RN FE B S R
Fondor LB 4 0 A AN R R A2 AT

FEF L R AR PREfogRs £ R RER
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FEM I EHE CAIBWRA ALY Z A RLGEHL L 2EY LD
Mg AT X EABKE o RIATE ForF hf B HHRT o 2Iking
Afoe g ABITH R 0 F i 4o

y\-.]m&in‘i{)\mg_aﬁl q,\l}'ﬁ

K- BEFieg  TAHEEARFCE
B i BaE AR FERE

T pRyE L FRERRERT S ERPFT TR A kAT
WERBROER S TR R 2R FREr P LR E - AR
ToOEZ MR AL FR T OB G ¥ 2 B2 R {
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FREAL JAIBESR Z A ERETL A7 F5 2 4 FRAEDFER
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ETIES

&
AT FEY LG R b SRR SR 24 2R EY
FLo 27 10 & ~25 & ~ 100 # 3 200 # € sy =3 S8 ¢ 4L F

=

i R R R A WA o F L F T REB A R R ET A
B T F BRE K RBR G TR kR R R
&g%¢g§z;ﬂbwi;@43’ 2k - GCM et > Flgt sl * %7 7
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BERF NPT RFRFNAZApM R 2 E (- )37 FH L F it
HHE TH e ® Zmma § 5 12% -

Flpt 10 & 25 & ~ 100 £ 2 200 # ERBF R BEa R B
Bk T A R 12% 0 12% > 13%02 2 14% o

249 T HA2ZAXERTIRERYAE R B K

AL EB P RPERDP2ZAE PR

£ B E (E ) Ll REFE
A2 A1B B1

2 1.21 1.14 1.05

5 1.18 1.12 1.03

10 1.17 1.12 1.03

20 1.17 1.12 1.03

25 1.17 1.12 1.03

50 1.17 1.13 1.03

100 1.18 1.13 1.04

200 1.20 1.14 1.04

(A KR AR T § %8 BB R 'GFEAY 02011

£ )
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A R b PR 2R FE T £ [Preissmann, 1961] 0 = 3 2R SR F R
B S g it o B L F 2 e BN L 4 2 (Alternating direction explicit method,

ADE) £ j2[Hsu et al., 2000] -
(2) SOBEK ;# -k i3
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(3) FLO-2D % -k 3

FLO-2D #55% % 2 W Bt 5« 50 1988 & 4-43% V& {7 FEMA "FK € W
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