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SUMMARY

A Study on Design Standards of Agricultural Drainage

Climate change significantly have impacted on weather systems with increase
in frequency and intensity of precipitation, and have caused adverse effects on

existing agricultural drainage facilities in Korea.

The analysis and comparison of precipitation based on 20 years data from
1973 to 2010 for 61 raingage stations, revealed significant changes in the
precipitation intensity with 32% increase in the one-hour precipitation, 156%
increase in the daily precipitation, 1129 increase in the two-day precipitation
between before and after time periods of 1980 baseline. Also, 96, 75, 46 excess
rain storms were observed based on 20, 30, 50—year return period compared to
the design storms of the drainage design standards of 1990 during 20 years
from 1991 to 2010.

Korea Meteorological Administration (KMA) predicted future effects of
climate change : temperature will rise between 1.1 C and 4.7, and precipitation
will increase 3.0~7.2% in the world, while those will be 3.4C and 6.0C and
17.3~20.4%, respectively in the Korean peninsula by 2100 depending on the

Representative Concentration Pathways (RCP) climate change scenarios.

Besides cultivation changes in paddy fields from rice to upland crops are
increased trend thesedays. The upland crop adaptation in the paddy fields
possibly have problems of waterlogging because of poor drainage soil and

insufficient drainage systems especially for the occurrence of heave storms.

Actually 257 agricultural areas estimated to be inundated from the heavy
storm occurred during July 2011. They were mainly caused by failure to natural
drainage because of increase of river water level, insufficient capacity of
existing drainage pump station and drainage channel, inappropriate drainage
structures and locations, excessive sedimentations and aquatic plants reducing
channel flow velocity and capacity, and stoping pump operations due to

blocking by trashes.
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The flood inundation problems and waterlogging from the excess water in
the root zone can be minimized through drainage management. Hence there has
been a need of improvements of the existing agricultural drainage systems to
account for the changing climate conditions and avoid an increase in the risk of
failure of the drainage conditions of upland fields which were transferred from
the paddy fields.

The Korean agricultural drainage design standards has been updated in 1983
and 2001, since it was first published in 1970. There have been making efforts
to revise existing drainage design criteria to reduce vulnerability of drainage
systems. However, it was found to be not enough especially for dealing with

the recent local or regional heavy storm events with high intensity.

In the case of Japan, the revised standards was introduced in 2004, which
includes addition of new runoff analysis method and strength criteria including
1~3 day duration of rain events with 20 year return period and usage of 30~
50 years of recent data. Even this criteria could be increased up to 50-year
return period of 3 day duration depending on topographical and meteorological
situations while Korean standards fixed to apply 2 day duration of rainfall with

20-year return period and set to apply at least 30 years data.

Korean river design standards and sewer systems criteria have been also
updated lately to increase adaptive capacity to the adverse effects of recent
climate change such as dramatic changes of frequency and intensity of rain
storms as well as temporal and spatial unevenness. They include more specific
and strong criteria with addition of FFC2Q model developed in Korea for
realistic estimation of flood discharge, and enhanced standard for the design
storms by changing from 5~10 year return period to 10~30 year return period
for sewer systems as well as new addition criteria of 30~50 year return period

for pump stations.

In this study, the agricultural drainage design standards was revised to
include the effects of climate change and cultivation crop changes in the paddy
fields, and to provide improved existing design standards so as to maintain the
safe level of operational capability and avoid an increase in the risk of failure.

The details of the revisions are as follows:

(1) Reworded and corrected typos and contents

_ix_



(2) Updated criteria of agricultural drainage systems for adapting to the

revised related law and standards lately

(3) Updated the estimation method of design storms to account for the
changing climate conditions such as the recent local or regional heavy

events.
(4) Added drainage schemes for the multi purpose paddy fields

(5) Added cases of environment-friendly drainage designs and constructions in

order to utilize them in drainage improvement projects effectively

(6) Modified river flood level based on the river grade for the decision of head

of pump stations
(7) Added design schemes for retarding basins

(8) Added design schemes for installation river bank crossing structures such

as closed discharge conduits
(9) Added design standards for installation of trash screen of pump stations
(10) Added design standards for emergency power supply to pump stations

(11) Added improved selection methodof pump types and added a new gate

pump type for pump stations

(12) Modified regarding evacuation shelters and evacuation equipments of

pump stations

(13) Added application contents for control systems of drainage structures

Key words: Agricultural drainage systems, Design and planning standards,
Climate change, Cropland inundation damage, Standard

revision
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= 5 ofddl AEo] WiWs AL e Al AMdeld (A 2012).
71FHsE FAE ASEAE Y FE ikl mA= S B4 AdFdAE
1971~2000 &<te] 30d%E o]g7Iek =715 1931~1960-5<te] 30d A=
of nluws] B Ay, o]Yr] A (FFRH)S oF 4~7Y Wl own o]

Theked (MR H)S oF 39 =R, &7 £3dAE oF 1~5¢ #wapdon,
7] whed & oF 3 =93 Aew YEyn (3183, 2002). He A
¢ T2 AR a2 2 dig Ao Holuh = Ao A
T UAAAR AEFEFHR A FA ol Fd HES A, W AiEE
AA S HE Ao Yetdllth B9 F5 5= ZE A7)kl w0y
A ool = =T AuiAI I SAFTeR SAST AuiAt e HAF
o & uky 12 600m ©]

A s, @A 7o) vtol BlgALE AA @l = R
2AF A7t 7Hed AR AP (f4E
= stz Qg stz Aojxa W Ajuje] Haet
ﬁ]*d{% A B 53 Aoy, trlT olitdtEa
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2.2 71%W¥E AU e

NERF Qg e £arta dolzze] wWa 5 AgH 9o me
ANEwsles 27 6 J1Fwsl mae olgale] ALE mArF o34
= Yehdi, IPCCoA 7hetste] #l&star ok IPCCY Fo 2 F9
St ek WE EE BE Aveed we ZAM v 7 Fus A
deleg Austa gws o Ak grshe el $HueE 23

sk 14700 A FE AT 71t Ayl e s ARG (CMIPS, the
phase of the Coupled Model Intercomparison Project)el]l Frojsf] A=A+ 7]3
Mol AlUe & JiEetar Q).



2.2.1 SRES Alud <

20008 = IPCC =272~ wjZo] wE =11 314 (Special Report Emission
Scenario, SRES)= 1, 71, ALY, & v wWiEEAY d5do] ¥+
aass AU vFH 24 471 25 (AL A2, BI, B2)9] 247k wiE
Alyg] 291 SRES(Special Report on Emissions Scenarios)S A A 3F

(IPCC, 2000).

Economic

&
A1 A2

Global 4 P Regional

<Z¥ 2-1> SRES A4l 71& /dxE (IPCC, 2007)

<9 2-1>8 SRES E"H M Ao A A|AE SRES Alygl oo 7]E 7y
TZoltf. SRES Aly#gle F Ae  4A(Economic)A ¥, B 374
(Environmental) A 8F, 12 X G:2] (Global) A 8, 2% #9392 (Regional) A 3F &
o2 FEHY Ak ANV E LT 1A ALE (A9 olds &8, WA
o AAARA, n&, V&, gz 2 €A A) A2A U o= v A
71=® 3}, BIA Y o= A&
2 A &W]) Green olUA ¢ A 2

3
21009 S 1990 o2 3, B2AIYUY o= A
o) [e=]
&2

PV
rlo

2,
2

2,

N,

Ir
(A

| =2 4, o EAS THAS TA, o
o 7125 F 4% d)E FEEnh ANV E AR A
& C, G, B, T2 AEsHY, ol HaFsdy, 7tA3Edy, 93,y 18
solvA] e FEES 247 9uigit. < 2-1>2 24A7FE sEAIUE L



ol MwE Y o, <2y 2-2>% IPCC 3aE.IA A e o] 4
ezl AU e s JFeR e 7L oligus wEe] W
dEd aulze A Fewste] s ojdswa ks dehya Atk

<¥ 2-1> SRES Al4}d <

Driver Al
ae A2 B1 B2
= A1C A1G A1B AT
Population Low Low Low Low High High Medium
growth
Very Very Very Very ) . )
GDP Growth high high high high Medium High Medium
Very Very Very Very . .
Energy Use high high high high High Low Medium
Land Use Low— Low— Medium . .
Changes Medium | Medium Low Low /High High Medium
Availability of
Conventional
and High High Medium | Medium Low Low Medium
Unconventional
Qil and Gas
Pace of
Technological Rapid Rapid Rapid Rapid Slow Medium Medium
Change
Direction of Efficiency
Technological Coal Oil and | Balance | Non- reqional and Dynamics
Change & E Gas d fossils 9 demateria| as usual
Favoring lization




(d) Temperature change (b) COq concentrations >
i — A 1300 _ S
e 1 HI5FES | Srendrios 5
st vk ' 13004 == A1B E'
5 — \Y & ==ATT Z
~ —f Mol ersemkiz T 41004 - « 4iF| =8
o[ fp—_ ﬂlﬁtfb gt i 7
P B vl A s : : = -
% 97 \ £ 'l L3 ,'E'_I :1{."&[:" _a | E
et gop] — s £
24 i Nk |2
3 ; | ' ks
ﬂ | : i
3 El! ! .5
R = ! =
F L =
|t 1 @
| 5
1 Ea L shiw I e* %
R in 210 £
E produsd by u
0 | : | i | . . E seeral models 5‘
A0 2020 A HILE S H (0] 0
Vil B o000 2020 2040 2060 2080 2100
Year
<9 2-2> SRESA Y oW v 25 € oisegtd =9 #Hg
(IR AH)

2.2.2 RCP Al4g &
IPCCE 5aF 7P 1A AL 98 AFoa] A2 227k~ Ate] 9.9

HNEFEH E(RCP' Representative Concentration Pathways)ES Al&3sl=2 2

Xgé}—oﬂ\:} 7+ ] EH7]O]] IJ] 2| = E/\].E]:OE 9_/\17]./\ = xé]’z:sl, RCP
Shuhs) dmAe 2agAee el 4824 Aot el A7) 8

Ao Sl T e Ak dEAGE L A BE WaE 7
ols] ‘A ='el= omE TeAZTL SRES AluEl ol e9#el 7%

8 99l FolM Suvtag ooz el o FAYN T
W, RCP Altelos Edogwsel mte a7 E£@stn dvk (143,

(BN Ao
_0|L
N

E 2-2>% RCP Aube) o wlig uehith of7]4 RCP Alvel ool 4
A BAGAEY, & eA7ts Bow oUAd B WHAIE FF
Bl E A ok 238W/m’

AEE YEge 4 (Wmdoln, Ao Zg
olmL& RCP 85, 6.0, 45, 2.69 HAl7ZAEe
25%, 1.9%, 1.1%°] zt7z} slg¥ch. RCPRSE EALZAH AL ZF71sld]
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2100d0] 85 W/m? | @3 Folx 7% ZF71sk= Fejola, RCP6.0> 2100
of 6.0 W/m?l 23 F <45 v RCP45% 210049l 4.5 W/m?l &3 ¥
b Ew | RCP2.6& 2050 7ol H gk 3.0 W/m?ell &3k 5o 7k43ke] 2100
doll &= 26 W/m?7h fths onjo)t),

o

<% 2-2> RCP AlY4E 2 (Moss et al., 2008)

Description Radiative forcing Pathway shape SRES-eq.
RCP 8.5 >8.5W/m? in 2100 rising A2
~BW/m? at stabilization stabilization without
RCP 6.0 after 2100 overshoot AlB
~4.5W/m? at stabilization without
RCP 4.5 stabilization after 2100 overshoot B
peak at ~3W/m?® before , ~
RCP 2.6 5100 and then decline peak and decline

<¥ 2-3>& RCP Ayd 29 SRES AlygleE ®Hlwd AHolw, <1
2-3>2 RCPAIYUE] 29} SRESAIYE 29 vl 227t~ Fxe] Wsts H
g 1)z oltl. RPC85, 6.0, 455 SRES A2, AlIB, B19} H]Z=38ttta &4

o

2ok

SRESAI Y2 Qo M= vl AHg]l A4 Ge7F WA A= ar oo uhi
MES Avger £a7s wE (5, CO R EAGAE S b

=)
715-d 54 stley, RCP Alve] &= U”i 17&%"%01 7lel wA= AL
AAYE At aRNE 5, w7, 2] d53 247 wE
(CO; &&=) ¥ A3 AAl4 Wats %/\]Oﬂ =3t} SRES Al QoAM=
wE 2 AdE Qe Abol o] AR A ARE Aol dojubE EAF ]l AN
oBmz RCP Alygert 848 vy 7|Fd5s & 5 s Aoz Ba 3dn
(5717974, 2010).
71737 = 715 RAEHR012)E Sl 715HE Avge s Awst
Ak "AA Aleetal = RCP Aueg|ed AKr+e
714 S87IFAE B2 4 Ay el S AR 20139 2FEH Aed 9

Aol
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<E 2-3> RCPAIUE 2 ¢ SRES Alvgle Hln (1A, 2011)

RCP AlLtcl2 SRES AlLi2l2
Ol1EHs S AHGIH HdF) (Olel AtEl REE S4Moz HF)
RC(EOZ'G oIzt =0 2oist g KNP
F | AARD B JtsE FR
NS A RE2F AXD
RCP 45 |_,, ] ; B | et A ot
240tA HAEM0| &AHE & M, oA, FENGE He)|
(CO, soe Ao (CO: = Co
538ppm) | © T 550ppm) -=
RCP 6.0 SATA HA™MO| oL mC A1B I8E AE §_Vﬁ.01|l:|I|9P l:ll_if
(CO» Mg 2o (CO» MUK 28, A=, 1g=
670ppm) 720ppm) |8 Jle= g
RCP 8.5 |8 F=AM(MZ glo)z =24&dt A2 Cta st Atal: 2132301, dME8&
(CO» AJb HHEEE FR(BAU AlLi2] (CO» 2 21, SZ0e 2AME AHA
936ppm) | 2) 830ppm) |22 &3
§
WOy — e S 1300 :
RCPES 100 Scenarios a
WK = = 1 2
1700 = m AT .
) s @
1000 = AR %5
700 RCPS.O a0 _;i' E
80 B0 =i g
— 547 '.',
00 e i w B
A0 RCPLE 600 4 E
500 = F
A i E
20 . . r & E
B0 (] 1% 2000 2050 2100 ’ ! J T ']»

<% 2-3> RCP¢ SRESAIYHE L9 wa 24712

1
FulLij F.Lh ) 80

TEWSE v

2011)
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<E 2-4> 71 FHSAH B AH A AF3H= RCP AU FR

a= 22t ANZHHSl | ZAHAST | AIZFHAE HEEZ2
2 £0~360 _ Jle(F D, E N, B
ShAE 1860~2100 | 2 135km =
S1E -90~90 LA, MUSE, HIE =
g | BENO~tae2s | o J2EDEAN BR)
T 9IS 26.5~48.875 ' = Ax, AOSE, HIZ S
_ ) 2D EHM BR)
L BHAL A 51K o 2000~2100 1km o g o
o T
- T ) 5 JNEN+(115)
PIEELIIPS Bk X o 2000~2100 1km , Sr 2 (92)
stere IS (F D, EN, B
_ 73MXIE 23004 | (1950~2100) | 12.5km, La AUSE
== SIEE=T =T T
3 x ol LB AL A 1km BB,
(2000~2100) HRIES S

NERe e W gl e FHoz ANHoR oy 4 mFL o
g3 A NFREe AFAsge] 2n 150 45 44 9 Hul
A4 Eeld, FekA, ARHA 540 TAG JFAsNE FAHew
EAF Qon NFAsgon dud 54 F A ®: d¥E aedn
AFAGRGE =27 v A AR 2FE F A

(1) Global climate (or General circulation) model (GCM)

(2) Climate impact model

(3) Integrated assessment model

Global climate model & 7] 38ty WAl =] 5 7123 &40 W
BAES Fv Aoz dirrom AAF7]FRY(GCM: General Circulation
Modeh) o2 &2, d|¢ (Oceanic) X3 ¥ o 7] (Atmospheric) =8 o2 &5
w o] F e A dF-thriesnd (OAGCM)o] F=2 o] g%t} IPCC
3z H7tH Ao = 31719 OAGCMe] o] &5 il 4% H7H Aol &= 237
o] B3 o] o] &HAtt OAGCM2 ditd o= =l kmol 3| Fet= AR
Zk7] dwjstell A2 T FeFol= @A7E Ak webA Azt e A g

H4e AA T kme =L AEES e VIFaer Wgkstojof Jt

0%
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= his ] [e]
AEA, o, ¥, AL 5 o8 Eokol diste] gt 4 Ak A F7HA
o Qe ww AFEHse] dgel gael AFHew o Fojxw
Atk = 7|FEoF Av o402 Aete] AAl9 AE A
2 dAAdxoloF 3t} Integrated assessment modelS 7] & W3} o g
olof WA F U= WFS AATE F, AAAAAA =
A Y ARE AVE A BA A, BAA SHlA AT F e HAEE A

8 H3lEY <E 2-5>% IPCC 43 H7FR A oA AFdtsE GCM
of TFHE UEH, o] FolA 714 L = ATelA wol] AR&stal e
g2 dioA ik MIROC32¢9F SdelA 7iEst ECHAMS-OM, 9=
ek HadCM3 18]al 593 gkaro] g5 o= 7wstk ECHO-Golth
F1f, 2010). IPCC 42 B.aiA (IPCC, 2007)°] wh=m 12 Ao 2 &
GCM9] #F=+= oF 500km FER oY FHFoll= oF 110km7bA] 3 743l
P AT o 2y GCMEE S F/7F wl¢ g B9 oy
2 543 AHEHE 4" Age we RARTE dolstA vE
. IPCCel GCMEY H7M 23+ AR “dAe 7$RFEL2 A4
T 5 SR 7159 o FFES " Age 5T 5 A
|9 dFdA= Aol Eojxo’a A Hsta vk (IPCC, 2001).
Al GCMEZGo A o Set 73 AEE stk A83t7] 3 814
B e FATH AAFS o]fsto]l st
Model; RCM)& F&3kt}, of2 7k2] GCM
7l AR ggetrld e T e

WA We dael sl el Bastths FAel ot 9

r:|o

N
b
A o

A=A R AR UA )
N

N

2% (Regional Climate

H}E GG F2Y ey

}a %ﬂ
A
12
N
4o+

NL
_ﬁ
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<& 2-5> IPCC(2007)°1 A A &F3t= GCM 2§

Model Resolution

No | ID (agency: version) Country At Oen

1] a BCC : CM1 China 128%96 128x96
2 | b BCCR : BCM2 Norway 128%x64 360x180
3 |c CCCMA : CGCM3.1-T47 Canada 96x48 192x96
4 | d CCCMA : CGCM3.1-T63 Canada 128%x64 256%x192
5 | e CNRM : CM3 France 128x64 180x170
6 | f CSIRO : MK3 Australia 192%x96 192189
71 g GFDL: CM2 USA 144%x90 360%200
8 | h GFDL: CM2.1 USA 144%x90 360%200
9 NASA: GISS-AOM USA 9060 9060

10| NASA : GISS-EH USA 72x46 360%180
1]k NASA : GISS-ER USA 72x46 72x46

12 ] | LASG : GFOALS-G1.0 China 128%60 360%170
13| m INM : CM3 Russia 72x45 144%x84
14 | n IPSL : CM4 France 96x 72 180%170
15| o NIES : MIROC3.2_hires Japan 320%160 320%320
16 | p NIES : MIROCS3.2_medres Japan 128%x64 256x192
17 | q MPIM : ECHAM5 Germany 192%x96 360%180
18 r MRI : CGCM2.3.2 Japan 128%x64 144x111
19 | s NCAR: CCSM3 USA 256x128 320%395
20 | t NCAR: PCM USA 128%x64 360%180
21 | u UKMO : HadCM3 UK 96x73 288x144
22 | v UKMO: HadGEM1 UK 192x144 360X216
23 | w METRI : ECHO-G Germany/Korea 96x48 128%x117
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2.4 &As 7148

N
B
E
o
td
ot

A GCMAR = 2 AAE FAH o] A7 FE Bofshe

v @A glgh mEbd GEMALEE A7) 50 stA A A ARR 24
stz Aol dasty o5 AdAsh 34 (downscaling)ol#h k. =] A1 7]
FE Bosted AHEHE RCME, GCMeA Axbe 247k~ Fee] ws)
e b Fda 22 V)5 e FE 2AgES RCM d8AER &
&oto] k= A VFARE dohdly AAFAER] GCMAEE A9
713 A5 RCM PR #e Ax Az2 2Ase 4As 7IHels 24
A/ A B Aot wylel glrt

2.4.1 984 A 7Y

4

A7 FAMs 7S A7 Rd
= AogE Al s F1HH
A7E RCMY AA A== ALL3F

flo
o,
oo
_0|L
£
D)
O
=
lo,
LN
o
]
o
Y
o
ol

et =) A
= Aol du a2y A9HY VIFEAS 2d F e Aol Jdoey
AZEAIZEO] ol A= wide] ol
Aeta At o] &5 = RCM2 7|24 o2 GCMI &4 gt +
= Ay & mojaty] fei = 27

X7 agE GCMe d3e 7] 2 59 A
RCMelA = v & Avpe] o e SA7FE F7F 2 Eojok &t}
AG7|Fndz wo] AlEE 1 3 MM5 (Mesoscale Model Version 5)
A4 JAE 2ot MMbe W= 7]/ 7418 (National Center for

Atmospheric Research, NCAR)®| Fif:E o5 w3 APdwyol FHdgh
(Pennsylvania Satate University, PSU)oIA &5 /&3 S5 7| FRdg
Anthes and Warner (1978)° <3 A< 7§12 ¥ o, Dickinson et al
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(1989), Giorgi and Bates (1989), Giorgi (1990)el ]3] A=At & 74t
g MMhE 5S¢y S35 Wol Axste QA8 (hydrostatic dynamic)s4
A5 WSl Rdolth BE VAN A4 R EY £ RV 24
o =Z7] "o 7|EAH o2 AHAS A} (hydrostatic approximation)& A&
sto digrRe] thr] ol A e oids] £ BAELE=E Rn. ey
3 R IRt A4 R

Eyolret e TR VAL ES gEE 3

o] 3ol g FLsy] witol vAdGEgd A4S FAT 7 glo] vHYgs »

do] E A7 T4 2002). MM5Ol A 79 &2 34 S mixed-phase

scheme (Reisner et al, 1998)01 AEE = oA FEF U 5 49, T
=

§ 2, 0%, ol BA EAGEM w9 wg

L= ’ ’

T8 Frhe wolth AHE 2438 342 Arakawa-Scuberte] WH S
sk A7 Aew BFE 5 REECdA UEdE xS HLskE] 9
atol wig- ©estE WWE AREE

&)
s Grell schemes AF83FA T (Grell et al,
1994). o= T3 9 34 e FdI FE9 Aol mHHA Lol
2 nreof wel A AREEE WA
= Y42 MRF PBL scheme (Hong and
Pan, 1996)°] A}-&% St}

242 B8 A/SAA 714
EAA AASE 71HE GCMell ol Reol®l APt el 7| S Gof opA R}
TEE 4= g Abole] A3A #AE ol &3t WHelth (Von Storch
1999). tiat=e] 7] =gsjdoe] A Q7% thr] & AA
Aol Zetste] GCMoA ReJgk gt A 97584 Alole] FA A 474]
O}lﬂoﬂ ’?:“ §‘r sk ZIYelth (A9, 2008). TAA FAs 71He AA ﬁo]
I HAEg oy GCM A3t A3 MiesEde B4 o
% 7H Aol M= WFE Aol A duA e 3] o
= ?_”é] Atk tEAQD FAA FAE =
23 W 7)Y (weather generator)S o] &3 W
¢l A=A (nearest grid box method), ®.7H9H, 714+ Elo]d (Weather
typing), FA8% 71444 7] (stochastic weather generator) % 7 &+gt=H
(IPCC-TGICA, 2007; Wilby & Dawson, 2007) s°] St} FHA+ AAHIY
B ol 71 1hdait
Aolgys o3t WHS GCM Aol #2859 EAF

=

[e)
Ae 54

Jm
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#3}A4] @), Richardson (1998)%= 7|3 W3}
LARS-WG% WGEN (Weather GENerator)9] F719] 7|47 =
5, v, ofAloks Aolgt 7| XAl A &sle] Reol IS H
LARS-WG7F WGEN)el H]3l] A&/ o] =thal A A5+

{1

i o
>,
Y

O 2 oo’
(E b
B o
off pZ
Rl
O

N
S oo oo i
o
2

iih}

2}

25 7| ¥¥s 23

24

7|5t gk JFS HFrketr] flE GCMAIRE o] &3t B2 AFE
o] Faxa k. 71401 E AAF 7|FHE Ayl s &S
Aall F= 718A slseE] AEA g o7] FEsYE 135 kme] 7] FW
3lo = r @l HadGEM2-AOS %= ¢ &} 1850»4%1 2005 7b4] #=H A
I AARD AAH e FAVISF 2o]dd F RCP Alvbg 2ol whah 2100
A7A w2 715 stE At e Ao 75 HE AvEl e A
7] $13) CORDEX = AAF 2 dAAlste] 7Rstar glom, Ul 7]$ W3t &
ALE At b= 2o 7]$Hs AvE s stk ol g A Y 7]
TRzt Avgle 2EdeE A= 718 sEYMAEH AYr)FRdQ]
HadGEM3-RA7} AF&5 1, ofAlo} o] thslAE 50km sl E, dHake o
Ao A= 125km G EE 7FRITE 1950~200513 &t A 7] F- 5 2 9}
RCP Alvhg]l el 7]uksk w2 21009704 7] $¥stE o Sehc). =gk ek 4
A 71588 AldEl e A7 ES F Aikd 125km G Ee gt
T 71FRs AU e s g ez FAA A AAS F8 AAEE, 200
0~2010d E9ore] #=x8 2 PRIDEE D] % &3l 1km 3= #=Ax
A2E AAete] 7| FREE oS3k o714 PRIDE E2-S PRISM based
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Downscaling Estimation Model®] ¢Fzlol™ 7|35 AAsI=d] T3 o
S 3= DEM(Digital Elevation Model) 1%, A, # 3 (topographic
facet), 3l Y% (coastal proximity)e] Q&S aelste] nsd=E Ax ARE 4t
Z=3%l= PRISM  (Parameter—elevation Regression on Independent Slopes
ModeD& @3 lkm ZAAtel] A gstA 43 =3 PRISME IS vt}
(71t R AE, 2012). <29 2-4>9F <9 2-5>% A G 3ol 7]
st A e AEAAS 27 e,

ok

e B n0s R s IR s R 55

LPEY olTi(18601) SAAHE 1

M| =5 pre—industrial control run) 200,/5004

HH71E B2 (historical run)

Arisig~Safix| |

24712 55 7Y A~ 247t 55 57 38 U

olel 2} (RSP 2.6)

ojef FY (RCP 4.5)
of2 T (RCP 6.0)

oj2f B (RCP 8.5)

of2§™2 : Time—slice run

BATIE < Time-slice run 4 oo 56 45 6.0, 8.5)

at‘}l 718 X7y AN
: _ O|2HFY ¢ K|SARM)
THA7I% : XA (RCP 256, 45, 6,0, 8.5)

3 MY MxrE FA=EH

<I¥ 2-4> AAF 71F A Ay AEAA (V] FESPEAE, 2012)
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HR|7 7|25, Bt 7|25} et 7|2t
ALfE|2 AlE T ALtE|2 AkE Bhd AlLfEIR AkE 2hy

IPCC 5% W22 ME
RCP 24712 AlLi2|2

HX|7 7122y
(HadGEM2-A0) =8

HXIF 71FR5}
AlLt2|2 AHE(135km)

X2 7|Z 28 (HadGEM3—RA)

Stz 7| s}
AlL2|2 AHE(12,5km)

YT YA 71FeE
AlLt2]2 AHE(10km)

7FESERS

<3d¥ 2-5> 93 71F WS Ay AEAA (V] FEEAFEAE, 2012)

71743 201D AA T 7IFHA G 5 A& mlE dAT 7] Fe
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20(B) | A/B(%) | 304 (&$]:mm)

7 10

M A& 4725 4272 111 462.9 0dN = 23}

A 427.0 393.1 109 426.6 “

" T4k 3925 304.9 129 331.7 “
he 437.0 255.2 171 274.8 «

A | =A 5015 359.1 140 385.6 “

- okl 220.0 209.47 105 223.04 209 % 3}
o 290.0 264.41 110 284.35 30dN = Z3}
o 274.0 268.26 102 287.83 209 = 3}

A | AF 361.0 320.0 113 3433 309 e 3
A 3135 261.03 120 282.39 “
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<aY 4-1> A2 1093 53R AFEd 2 Ao

s— | 1 7 (R ) —— =3 ) I6Y 24 0| SHR(IE)

70.0 6000.0

60.0 | 5000.0
o 500
P L 2000.0
@ 40.0
Rr - 3000.0
&) 300
f}' . 2000.0
Rl 200 +—

WO, \ - 1000.0

0.0 i | !: 0.0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
o=
L

2=

(2 o) wolle I Iy

(27 BAER g2z 2FAL 2011b)

<E 4-1> FZ 5939 F3A A3 FE

-2 Al 2007¢ 2008 2009¢ 2010 2011
& = (ha) 53,566 4,858 590 5,331 7,364 35,423
]
. 5011“2 50,627 13,094 4,213 8,409 9,507 15,404
miofon | SHAMI|Z=
(#erd) | gajes
21| = 46,809 10,971 3,834 7,638 8,962 15,404

(A 2 AA FdAGehd g # R 2011)

<E 4-2> 20113 79 HAIFTIZ A FARA AFA 452
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Al n: I N [ | B 20| A B 20| A B =l
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uf= e o
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~
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F SHEZCFT 0119 /N FRELSFS MG NES 47 dedn,
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Jhed X 2011. 7. 10 M| T8
(8 90.0ha) Z=52 168mm B2 s =0
A2x T 2010. 7. 10 ~ 11 M| T8
(8 25.0ha) Z=52 324.3mm B2 s =o
5} A
BEAs 2011. 7. 10 [IESEEPNES
(B: 100ha, 20i: iy i
4522 341mm NEEYE F5
90ha)
=MD 2011. 7. 9 IHH A BYSE
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<% 5-5> FRIAZAAE FEF A=Y (¢ : min)
Mo I 28 (Y9)
ZEA
5 10 20 30 50 100
N 420 497 569 610 660 727
= Vi+0.34 Vt+0.19 Vi+0.11 Vt+0.09 Vt+0.05 Vit+0.02
S s 371 446 518 560 611 711
= Vit+1.02 Vt+0.89 Vit+0.82 Vit+0.78 Vi+0.74 Vit+0.62
2 = 3,575 4,087 4,902 5,561 5,236 5,720
e Vit+37.3 Vit+36.7 Vit+37.6 Vit+45.4 Vt+35.3 Vit+35.4
ol = 400 474 529 9,826 10, 504 11,371
== Vit+0.39 Vi+0.34 Vt+0.15 Vit 60 Vit+ 58 Vi+ 56
S = 211 246 279 297 320 349
o o l’U‘44 t0'44 l.().45 ZJJ.45 t().45 l.().45
= 524 4,634 5,376 6,064 6,452 6,929 7,559
Tee £+ 39 £+ 39 £+ 40 t+ 40 £+ 40 t+ 40
—— 347 423 498 542 599 676
Lo t0.57 t0'58 Z'O'59 Z.O.GO tO.Gl Z.O.GZ
e 4,856 5,656 6,394 6,809 7,319 7,988
t+ 43 t+42 t+42 t+41 t+41 t+ 41
= A 285 312 333 344 356 371
= t0'45 t0'43 t0'41 t0.40 t0'39 t0'38
o A 455 550 641 693 757 843
= Vi+1.11 Vi+1.28 Vi+1.40 Vit+1.46 Vit+1.51 Vit+1.58
o & 362 425 486 521 565 625
™ Vit+0.27 Vi+0.44 Vit+0.60 Vt+0.69 Vit+0.80 Vit+0.95
o 331 375 413 434 458 489
- 4 l,UASI tU.SI t().Sl t().51 t().ﬁl t0‘50
o= 433 465 436 463 496 539
ST A5 £9-53 Vi—0.21 vVt—0.15 vt—0.08 Vit
o = 416 500 10, 069 10, 885 11,911 13, 300
=T vVt—0.35 Vt—0.18 £+ 56 t+ 57 £+ 59 t+ 61
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