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Summary

With increasing the frequency of precipitation extremes due to climate changes,
flood damages and drought damages are predicted to grow in Jeju island. To
estimate the effect of stream discharges and droughts caused by climate change in
jeju island, climate change impact assessment was conducted with a climate
change scenario. the climate change scenario was constructed through quantile
mappting. A discharge scenario was simulated by SWAT model and an integrated
hydrological modeling.

The quantile mapping of hybrid downscaling method, by effectively reducing errors
of the local climate model, enabled to produce reliable regional precipitation
scenarios for water resource impact assessment of Jeju island in the precipitation
scenarios. the precipitation consistently increased in all of four regional
meteorological. In seasonal precipitation analysis, fall and winter showed a large
precipitation increase.

the discharge scenarios were applied to Oaedo stream in northern jeju and
Gangjeong stream in southern Jeju. The annual average discharge was found to
decrease slightly in the north area of Jeju and increase for the south area of Jeju.
However, the maximum discharge frequency increased for both sides. Especially,
Summer/Fall discharge was estimated to have no benefit for the water resource
security but to increase flood damages. A drought scenario was estimated using
the standardized precipitation index SPI. SPI was applied to four regional
meteorological in Jeju island. In predicted drought scenarios, SPI 12 relatively
simple fluctuations compared to SPI 6 at observatories. The predicted drought
scenario showed a large increase in fluctuations in all weather stations. Seasonally,
it was predicted that severe drought (PSI -1.5 or below) would occur during
spring and that drought damages would increase.

As the results of the impact of climate changes on the water resources of Jeju

island, it was found that the intensity and frequency of droughts and discharge

_iX_



would increase and enhance flood damages and drought damages. Therefore, as the
results of climate changes, water resource security and be threatened and stream
management can be challenging in Jeju island. Also, regional water resource
response plans for climate changes need because the results varied by regions over

time.
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1.2 GCM(Global Climate Model)

19753 Al A 714 7] 7-(World Meteorological Organization, WMO)2] GARP(Global
Atmospheric Research Programme)ol A+ 7|3 A 28-S o714, =4, Wada, o
4, Aeder A4 dvkal Feosta AR AL 75 A=
A di7A, 9, A, AEd, A T2 FAHEY, ol 4% =
BEol Az EAt AT 7 H e 7IFE fFAstL sfAdsta 3l
(Henderson-sllers and McGuffie, 1997). MAI Qo2 A2l 7| TWHEE Z4387]

918 vl g mdo] BgEal glov GCME Ao #l mdy A 7Hs3)

2007)(Fig. 2.2).
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Table 2.1 Variables of GCM

Variable Description Unit
huss surface specific humidity fration
orog surface altude km

pr total precipitation kg/m*/s
psl sea level pressure pa
rsds surface downwelling shortwave flux in air W/m’
sftgif land area fraction %
tas near surface air temperature K
tasmax 2m mean max air temperature K
tasmin 2m mean min air temperature K
uas zonal surface wind speed m/s
vas meridional surface wind speed m/s
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Table 2.2 Details of SRES different Storylines(IPCC, 2007)

Al
Driver A2 B1 B2
AlC AlG AlB Al1T
Population growth  Low Low Low Low High Low  Medium
Very Very Very Very . . .
GDP Growth high high high high Medum High  Medium
Very Very Very Very . .
Energy Use high high high high High Low  Medium
Low- Low- Medium . .
Land-Use Change Medium Medium Low Low /High High  Medium
Availability of
Conventional and _ _ _ _ _
_ High High Medum Medium Low Low  Medium
Unconventional
Oil and Gas
Pace of
Technological Rapid Rapid Rapid Rapid Slow Medum Medium
Change
Direction of Effcie "Dyna
. _ ny & y
. Oil & Non : mics
Technological Coal G Balanced  Regional Demat
_ as fossils eriali as
Change Favoring Jation usual
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RCP6.0, RCP 8522 233 tH(Table 2.3).

Table 2.3 Median temperature anomaly over pre—-industrial levels and SRES

comparisons based on nearest temperature anomaly(IPCC, 2014)

o . Temp SRES
Radiative CO
Name ) anomaly Rathway temp
forcing (p.p.m.) .
(C) anomaly
85 w/m’ in .
RCP8.5 2100 940 49 Rising AlF1
6 w/m? in Stabilization
RCP6.0 670 30 without B
2100
overshoot
45 w/m? in Stabilization
RCP4.5 : 540 24 without Bl
2100
overshoot
3 w/m” in Peak and
RCP2.6 2100 420 15 decline -
o714 RCP9 A& EAEAIE, & 24712 502 duyx|e] H3S WshA

e 9FEe ARE Justs oA w9t Wm® A ZgHE g YEat
7F ¢k 238 W/m® ©]=& RCP 85, 6.0, 45, 269 HEALZAIES QAF B
ok 3.6%, 2.5%, 1.9%, 1.1%°l 32a ).

RCP 2.6 A|FAl2=gle] 7] & W] gt 358 5 glE gz Az
H, RCP 85+ @Al FAH=ZE 247127 A&£H 02 wj&3tal 9+ BAU(Business
As UsuaDo = HA A} Fig. 24% vl AEF2E FHoZ 243 SRES A
veleet 713 gsy 4H 9 AAE FHoE A RCP AlUel g vl
&ttt
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Fig. 2.4 Representative concentration pathways(IPCC, 2014).
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Table 2.4 Manning roughness coefficient by overland flow

Characteristics of Land Surface Median Range
Fallow, no residue 0.010 0.008-0.012
Conventional tillage, no residue 0.090 0.060-0.120
Conventional tillage, residue 0.190 0.160-0.220
Chisel plow, no residue 0.090 0.060-0.120
Chisel plow, residue 0.130 0.100-0.160
Fall disking, residue 0.400 0.300-0.500
No till, no residue 0.070 0.040-0.100
No till, 0.5-1 t/ha residue 0.120 0.070-0.170
No till, 2-9 t/ha residue 0.300
Rangeland, 20% cover 0.600 0.170-0.470
Short grass prairie 0.150 0.100-0.200
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Table 2.5 Manning roughness coefficient by channel flow

Characteristics of Channel Median Range

Excavated or dredged

Earth, straight and uniform 0.025 0.016-0.033
Earth, winding and sluggish 0.035 0.023-0.050
Not maintained, weeds and brush 0.075 0.040-0.140

Natural streams

Few trees, stones or brush 0.050 0.025-0.065

Heavy timber and brush 0.100 0.050-0.150
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Table 2.6 Water contents for various soils at different moisture conditions

Water Content

Clay Content

Texture ) Permanent
[ H Fleld
(%, Solids) Saturation . Wilting
Capacity )
Point
sand 3% 0.40 0.06 0.02
Loam 22% 0.50 0.29 0.05
Clay 47% 0.60 0.41 0.20

APPSO R FASL LTI FRA G

AWC = FC— WP (2.49)

oA71 A, AWC + A& FEFEZ, FCO : X487, WP @ 792549

S

9l Table 26014 AANE EAESS] AEE 0049 FEFESFS dehin GE
024, &= 0219 @<= deEbla o o3 SA42 Ll Ao, SWAT

(2.50)
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ostAl #ln Table 2.7 SPI®] &0l w&

Table 2.7 Classification of drought intensity using SPI

Classification Drought Condition
over 2.00 Extremely wet

150 ~ 1.99 Very wet

1.00 ~ 1.49 Moderately wet
-0.99 ~ 0.99 Near Normal
-1.00 ~ -1.49 Moderately dry
-150 ~ -1.99 Severe dry
under -2.00

Extremely dry
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Table 3.1 Geological features of basin for study

Stream Average Form

Length
(km)

Watershed

Area width factor
(A/L)

Watershed

(A/L%)
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18.70 2.21 0.12

41.42

QOaedo stream
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Fig. 3.2 Altitude and slope analysis of Oaedo stream watershed.
=M Foe FuEA A, s 200 molst A9 F§ dA 11.03%E

Askar har, 200~600 m A S 15.24%, 600~1,000 m #] 4 31.36%, 1,000 m ©]
Al A9 42.36% % A EH ATH(Table 3.2).



Table 3.2 Altitude analysis result of Oaedo Stream watershed

w199 oA o & o:jx 4 g
(m) (km?) (%) Feaa (%)
(km?)

0 ~ 200 457 11.03 457 11.03
200 ~ 400 3.35 3.09 7.92 19.13
400 ~ 600 2.96 7.15 10.88 26.28
600 ~ 800 5.64 13.62 16.53 39.90
300 ~ 1,000 7.35 17.74 23.87 57.64
1,000 ~ 1,200 7.43 17.94 31.30 75.58
1,200 ~ 1,400 4.82 11.63 36.12 87.21
1,400 ~ 1,600 3.40 3.21 39.52 95.43
1,600 ~ 1,800 1.85 4.47 41.37 99.90
1,800 ~ 2,000 0.04 0.10 41.42 100.00

A= 2743%, B4 B} F & BAL 20°015 A9 80.98%
415 91TH(Table 33).

Table 3.3 Slope analysis result of Oaedo Stream watershed

(o) [o3e - (o] —1T—'-75:] A= (o]
AAPE 9] R H) & ¢ o1 A H&
T il
Q) (km?) (%) B (%)
(km2)
0~>5 0.22 0.4 0.22 0.4
5 ~ 10 11.36 2743 11.59 2797
10 ~ 15 15.30 36.93 26.88 64.90
15 ~ 20 6.66 16.07 33.04 80.98
20 ~ 25 3.75 9.05 37.29 90.03
25 ~ 30 2.58 6.22 39.86 96.25
30 ~ 35 0.83 2.00 40.69 98.25
35 ~ 40 0.46 1.10 41.15 99.35
40 ~ 45 0.19 0.46 41.33 99.80
45 ~ 50 0.08 0.20 41.42 100.00




122 ZAd #9

Gangleong Stream(slope.m)

Gangjeong Stream(EL.m)

0 25 5 10 15 20 . 25 . 0 ©

20
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Fig. 3.3 Altitude and slope analysis of Gangjeong stream watershed.
AAAA Fde] TaEA A3, s 200 molst A9 Fo dA 1218%E A

Askar 9lar, 200~600 m A9 25.97%, 600~1,000 m A9 27.48%, 1,000 mo]
Al A9 34.37% % A EH ATH(Table 3.4).



Table 3.4 Altitude analysis result of Gangjeong Stream watershed

By FgaH ol & :ja 4 ug
(m) (km?) (%) e (%)
(k)

0 ~ 200 4.66 12.18 4.66 12.18
200 ~ 400 5.34 13.95 9.99 26.14
400 ~ 600 4.60 12.02 14.59 38.16
600 ~ 800 5.21 13.64 19.81 51.79
800 ~ 1,000 5.29 13.84 25.10 65.64
1,000 ~ 1,200 5.99 15.67 31.09 81.30
1,200 ~ 1,400 3.86 10.11 34.96 91.41
1,400 ~ 1,600 2.18 5.70 37.13 97.11
1,600 ~ 1,800 1.11 2.89 38.24 100.00

A 5 U eH(Table 35).

ARAl = 52.45%, EA] 9

ger7t =8 AAF 20°0]8F A PE 97.37T% =

oqo AA BA ARG w5059 FuAge
7

AAAA 9] 21.09%,

Table 3.5 Slope analysis result of Gangjeong Stream watershed

4
BA 9 LERE H] & aamy  THIE
(°) (km?) (%) (%)
(km?)
0~5 8.07 21.09 8.07 21.09
5 ~ 10 20.06 52.45 28.13 73.55
10 ~ 15 7.45 19.48 35.57 93.02
15 ~ 20 1.66 4.35 37.24 97.37
20 ~ 25 0.55 1.44 37.79 98.81
25 ~ 30 0.24 0.62 38.02 99.43
30 ~ 35 0.10 0.27 38.13 99.70
35 ~ 40 0.04 0.11 38.17 99.81
40 ~ 45 0.04 0.10 38.21 99.91
45 ~ 50 0.03 0.09 38.24 100.00
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A ARE 20149 71A

Longitude
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48777
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61.1”"

126° 317

Latitude
33° 30" 51.0”
33° 147 46.0”
33° 237 1367
33° 17 371.7

Weather station
Jeju
Seogwipo
Seongsan
Gosan

Table 3.6 Specification of weather stations
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Fig. 3.5 Trend of mean and extreme rainfall index.
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Table 4.1 Results of monthly mean precipitation of weather stations

Jeju weather station Seogwipo weather station
month
Obs. GCM Error(%) Obs. GCM Error(%)
Jan 34.43 99.52 -17.87 70.58 46.46 34.17
Feb 90.12 90.82 -0.78 99.63 56.59 43.20
mar 106.62 119.55 -12.13 167.61 64.49 61.52
Apr 116.54 131.03 -12.43 259.99 110.50 57.50
May 137.66 147.34 -7.03 262.46 133.74 49.04
Jun 220.74 200.03 9.38 346.86 274.38 20.90
Jul 283.36 320.83 -13.22 333.47 448.82 -34.99
Aug 367.83 314.01 14.63 440.00 392.26 10.85
Sep 310.38 328.36 -5.79 259.38 179.62 30.75
Oct 98.14 110.96 -13.06 118.65 57.83 51.26
Nov 113.67 102.72 9.63 138.34 62.17 55.06
Dec 87.33 96.26 -10.23 62.17 65.33 -5.08
Seongsan weather station Gosan weather station
month
Obs. GCM Error(%) Obs. GCM Error(%)
Jan 92.09 36.23 60.66 48.08 39.58 17.68
Feb 115.58 53.79 53.46 70.98 49.13 30.78
mar 159.90 69.63 56.45 96.96 75.79 21.83
Apr 217.15 106.70 50.86 129.12 122.27 5.31
May 231.05 141.31 38.84 145.28 150.59 -3.66
Jun 29713 229.90 22.63 207.10 251.63 -21.50
Jul 305.48 476.71 -56.05 231.64 456.96 -97.27
Aug 482.49 378.27 21.60 264.69 351.51 -32.80
Sep 331.93 159.88 51.83 155.20 182.63 -17.67
Oct 142.93 51.56 63.93 74.31 49.28 33.68
Nov 174.78 55.14 68.45 98.34 56.23 42.82
Dec 116.88 44.27 62.12 58.32 42.73 26.73
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Table 4.2 Statistical analysis of monthly precipitation of Jeju weather station

Paramete GCM
Obs
r raw curtailed corrected
Mean . Threshold
. calibrated  for present
Jan rainfall,  2.0427419 2.4076613 2.3665323 2.2731243 threshold GCM
mm curtailment
S.D., mm 6.2600374 5.9720072 5987098 6.1711913
a 48809512 4.656374 4.6681403 4.8116779
X0 =-0.774275 -0.279742 -0.327662 -0.503912 0.4334383 0.554
Paramete GCM
Obs
r raw curtailed corrected
Mean . Threshold
. calibrated  for present
Feb rainfall,  2.3924779 2.4110619 0.6114286 2.3581336 threshold GCM
mm curtailment
SD., mm 59687721 6.1626881 6.1626881 5.9822894
a 46538516  4.8050479 4.8050479 4.6643911
X0 -0.29347 -0.362148 -2.161781 -0.333897 0.3989463 0.044
Paramete GCM
Obs
r raw curtailed corrected
Mean . Threshold
. calibrated  for present
mar rainfall, 25794355 2.8923387 2.8820565 2.8256461 threshold GCM
mm curtailment
S.D., mm 7.3140504 7.0989302 7.1029102 7.2155483
a 57027651 5.5350359 55381391  5.625963
X0 -0.711887 -0.30218 -0.314253 -0.421351 0.4200831 0.486
Paramete GCM
Obs
r raw curtailed corrected
Mean Threshold
librated
rainfall, 29135417 32758333 32580583 32190013 o arec for present
Apr threshold GCM
mm curtailment
S.D., mm 85407071 8.2696744 8.2759885 8.4216703
a 6.6591894 6.4478651 6.4527883 6.5663763
X0 -0.929777 -0.44552  -0.465237 -0.57075  0.4245508 0.552
May Paramete Obs GCM calibrated  Threshold




r raw curtailed corrected
Mean
for present
rainfall, ~ 3.3304435 3.5647177 3.5548387 3.4726001  threshold GCM
mm curtailment
S.D., mm 11.705003 11.724026 11.726936 11.66214
a 9.1263907 9.1412233  9.143492  9.0929708
X0 -1.936808 -1.711094 -1.722282 -1.775363 0.4493413 0.329
Paramete GCM
Obs
r raw curtailed corrected
Threshold
Mean calibrated  for present
Jun rainfall, 55185417 5.0008333 5.0008333  5.44422 threshold GCM
mm curtailment
S.D., mm 14.693714 13.604195 13.604195 14.72116
a 11.456689 10.607191 10.607191 11.478089
X0 -1.09363 -1.121054 -1.121054 -1.180302  0.40614 0.000
Paramete GCM
Obs
r raw curtailed corrected
Threshold
Mean calibrated  for present
Jul rainfall, 6.8554435 7.7620968 7.6756048 7.4912089 threshold GCM
mm curtailment
S.D., mm 20981372 19.907001 19.938756 20.743056
a 16.359175 15521489 15546248 16.173361
X0 -2.586174 -1.196054 -1.296836 -1.843166 0.4280255 1.353
Paramete GCM
Obs
r raw curtailed corrected
Mean Threshold
librated
rainfall, 88980919 7.5069758 7.5330645 9.9964973 . Drarec for present
Aug threshold GCM
mm curtailment
S.D., mm 26.383358 17.983141 18.00853 25.940769
a 20571104 14.021455 14.041251 20.226018
X0 -2.973519 -0.495437 -0570774 -1.676849 0.4226477 1.600
Sep Paramete Obs GOM calibrated  Threshold
r threshold  for present




raw curtailed corrected
Mean
rainfall, 7.759375  8.2089583 8.1425 8.4454514 GCM
mm curtailment
S.D., mm 30.393843 27506155 27.525105 30.195751
a 23.69808  21.446549 21.461325 23.543627
X0 -5917855 -4.168812 -4.243797 -5.142636 0.4603632 1.277
Paramete GCM
Obs
r raw curtailed corrected
Mean Threshold
librated
rainfall,  2.3743952 2.6844758 2.6629032 2.6777652 o arcc for present
Oct threshold GEM
mm curtailment
S.D., mm 80159594 7.4662974 7.4735003  7.909999
a 6.2500436 5.8214721 5.8270882 6.1674263
X0 -1.232787 -0.675358 -0.700172 -0.881734 0.4457671 0.566
Paramete GCM
Obs
r raw curtailed corrected
Mean . Threshold
. calibrated  for present
Nov rainfall, 2.8416667 2.5679167 2.5608333 3.0058972 threshold GCM
mm curtailment
SD., mm 87754291 7.2516337 7.2540427 8.7179237
a 6.8422021 5.6540988 5.6559771 6.7973651
X0 -1.107276 -0.695319 -0.703486 -0.917168 0.4324691 0.302
Paramete GCM
Obs
r raw curtailed corrected
Threshold
Mean calibrated for present
Dec rainfall, 2.1127016 2.3288306 2.3231855 2.1698325 threshold GCM
mm curtailment
S.D., mm 55377547 5.8063041 5.8084827 5.5149821
a 43177873 45271753 4528874  4.3000316
X0 -0.379288 -0.284006 -0.290632 -0.311909 0.4086338 0.219




Table 4.3 Statistical analysis of monthly precipitation of Seogwipo weather

station
GCM
Parameter Obs
raw curtailed corrected
Threshold
Mean calibrated  for present
Jan rainfall,  1.7074597 1.1239919 1.1169355 1.8829304 threshold GCM
mm curtailment
S.D., mm 56345081 3.1518039 3.154134 5.5734597
a 4393226 24574615 2.4592783  4.3456265
X0 -0.828069 -0.29432  -0.302425 -0.625127 0.4450487 0.225
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean Calibrated for present
Feb rainfall, 2.6449115 1.5024336 1.5022124 2.7645921 threshold GCM
mm curtailment
S.D., mm 93301835 4.9595498 4.9596147 9.2941754
a 7.2747441 3.8669609 3.8670116 7.2466686
X0 -1.553671 -0.729364 -0.729614 -1.417787 0.4508284 0.150
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean Calibrated for present
mar rainfall,  4.0550403 1.5602823 1.5586694 4.3601242 threshold GCM
mm curtailment
SD., mm 1248387 43355397 4.3361023 12.375031
a 9.7336733  3.3804203  3.380859  9.6488115
X0 -1.562701 -0.390711 -0.392577 -1.20864 0.4304286 0.187
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
Apr rainfall, 64997917 27625 27625  6.4997917 Calbrated for present
m threshold GCM

curtailment

S.D., mm 19322111 84521476 8.4521476 19.322111

a 15.06545 65901395 6.5901395  15.06545




X0 -2.195158 -1.040966 -1.040966 -2.195158 0.4237162 -0.037
GCM
Parameter Obs .
raw curtailed corrected
Threshold
Mean calibrated  for present
May rainfall, 6.3497984 3.2356855 3.2328629 6.8532836 threshold GCM
mm curtailment
SD., mm 19927616 9.0957531 9.0967298 19.750394
a 15537563  7.0919587 7.0927202 15.399382
X0 -2.617629 -0.857403 -0.860666 -2.034394 0.4319113 0.383
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
rainfall, 86714583 68595833 6.8595833 86714583 CAlibrated for present
Jun threshold GCM
mm curtailment
SD., mm 22484151 32.714043 32.714043 22.484151
a 17530892 2550714 2550714  17.530892
X0 -1.446409 -7.861736 -7.861736 -1.446409 0.4002892 0.000
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Jul rainfall, 8.0677419 10.858468 10.81754  8.4532607 threshold GCM
mm curtailment
S.D., mm 20.689031 25.060957 25.077986 20.525937
a 16.131238 19.540028 19.553305 16.004073
X0 -1.242322 -0.418963 -0.467553 -0.783411 0.3984571 1.207
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
Au rainfall,  10.645161 9.490121 9.4542339 11.60941 calibrated for present
& mm threshold GCM
curtailment
SD., mm 27528425 20.238326 20.254326 27.095645
a 21463913 15.779822 15.792298 21.126474




X0 -1.74263  0.3828745 0.3397872 -0.58363  0.3994232 1.738
GCM
Parameter Obs .
raw curtailed corrected
Mean . Threshold
. calibrated  for present
Sep rainfall, 6.4845833 4.4904167 4.48625  6.8684339 threshold GCM
mm curtailment
SD, mm 22054705 13.829255 13.83057 21.932056
a 17.196053  10.78267 10.783695 17.100424
X0 -3.440034 -1.732748 -1.737506 -3.000991 0.4431068 0.487
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Oct rainfall, 2.8705645 1.3989919 1.3866935 3.3484296 threshold GCM
mm curtailment
SD, mm 11811433 4.6282683 4.6316287 11.670397
a 9.2093747 3.6086608 3.6112809 9.0994086
X0 -2.444581 -0.683729 -0.697539 -1.903249 0.4683297 0.313
GCM
Parameter Obs raw curtailed corrected
M Threshold
] can calibrated for present
Nov rainfall,  3.4585417 15541667 1.5470833 4.2227665 threshold GCM
mm curtailment
SD, mm 12783948 4.3505841 4.3528734 12518113
a 9.9676441 3.3921504 3.3939354 9.7603729
X0 -2.294235 -0.403596 -0.41171 -1.410384 0.4554497 0.411
GCM
Parameter Obs .
raw curtailed corrected
Threshold
Mean calibrated for present
Dec rainfall,  1.5040323 1.5806452 1.5522177 1.861044 threshold GCM
mm curtailment
SD, mm 51754767 3.8653379 3.8753866 5.0364191
a 40353192 3.0138039 3.0216389  3.926896
X0 -0.824932 -0.158757 -0.191706 -0.405345 0.451508 0.532




Table 4.4 Statistical analysis of monthly precipitation of Seongsan weather

station
GCM
Parameter Obs
raw curtailed corrected
Threshold
Mean calibrated for present
Jan rainfall, 2.2280242 0.8766129 0.8766129 2.2280242 threshold GCM
mm curtailment
SD., mm 65485414 29163311 29163311 6.5485414
a 51058978 2.2738634 2.2738634 5.1058978
X0 -0.718319 -0.435736 -0.435736 -0.718319 0.4266331 -0.071
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Feb rainfall, 3.0683628 1.4280973 1.4280973 3.0683628 threshold GCM
mm curtailment
SD, mm 9.0890687 4.7350636 4.7350636 9.0890687
a 7.0867469 3.6919291 3.6919291 7.0867469
X0 -1.021718 -0.702681 -0.702681 -1.021718 0.4258759 -0.118
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
mar rainfall, 3.8685484 1.6846774  1.68125  4.1757845 threshold GCM
mm curtailment
SD., mm 11581442 45175088 4.5187322 11.468011
a 9.0300503 3.5223016 3.5232555 8.9416081
X0 -1.3431 -0.348202 -0.352179 -0.98482 0.4264309 0.215
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
librated £
Apr rainfall, 542875 2.6675 26675 542875 o oiarec for present

threshold GCM
mm curtailment

SD., mm 14153514 85311284 85311284 14.153514

a 11.035495 6.6517208 6.6517208 11.035495




X0 -0.940331 -1.171508 -1.171508 -0.940331 0.4025098 -0.544
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated  for present
May rainfall, 55899194  3.41875  3.4169355 5.9279535 threshold GCM
mm curtailment
SD., mm 16.139949 9.0459875 9.0466577 16.013265
a 12584318 7.0531565 7.053679  12.485543
X0 -1.673058 -0.651944 -0.65406 -1.278016 0.4195464 0.342
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
rainfall,  7.4283333  5.7475 57475 74283333 CAlibrated for present
Jun threshold GCM
mm curtailment
S.D., mm 18430493 15617248 15617248 18.430493
a 14.370256 12.176769 12.176769 14.370256
X0 -0.865389 -1.280262 -1.280262 -0.865389 0.3925752 0.000
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Tul rainfall,  7.3905242 11.533266 11.260685 8.8407545 threshold GCM
mm curtailment
S.D., mm 20.058428 21.695394 21.823928 19.346435
a 15.639556 16.915898 17.016117 15.084415
X0 -1.635768 1.770339  1.4399178 0.1348589 0.4086274 3.648
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
A rainfall, 11.673185 9.1516129 9.075 13.001456  calibrated  for present
- mm threshold GCM
curtailment
SD., mm 28738129 17.696899 17.733425 28.087653
a 22407119 13.798272 13.826752 21.899943




X0 -1.258973 1.1880083 1.0949587 0.3620119 0.3901775 2.025
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Sep rainfall, 8298125 3.9970833 3.973125 9.121105 threshold GCM
mm curtailment
SD, mm 25841791 10493722 10.502311 25.537873
a 20.148844  8.1819548 8.1886522 19.911879
X0 -3.330681 -0.725091 -0.752915 -2.370938 0.4302281 0.668
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Oct rainfall, 3.4580645  1.247379 1.247379  3.4234947 threshold GCM
mm curtailment
SD, mm 12065519 4.4126669 4.4126669 12.075325
a 9.407485  3.4405564 3.4405564  9.415131
X0 -1.971419 -0.738321 -0.738321 -2.010402 0.4482664 0.019
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Nov rainfall, 4369375  1.3785417 1.3777083 4.7182767 threshold GCM
mm curtailment
SD, mm 14.005755 3.9759583 3.9762372 13.885751
a 10.920287 3.1000547 3.1002722  10.82672
X0 -1.933215 -0.41064 -0.411598 -1.530311 0.4359977 0.167
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Dec rainfall, 2.8278226  1.0709677 1.0709677 2.8278226 threshold GCM
mm curtailment
SD, mm 86081024 3.5303023 3.5303023 8.6081024
a 6.7117374  2.7525767 2.7525767 6.7117374
X0 -1.045823 -0.517668 -0.517668 -1.045823 0.4303923 -0.048




Table 4.5 Statistical analysis of monthly precipitation of Gosan weather station

GCM
Parameter Obs
raw curtailed corrected
M Threshold
) can calibrated  for present
Jan rainfall, 1.1633065 0.9574597 0.9574597 1.1633065 threshold GCM
mm curtailment
SD, mm 35427582 3.6183685 3.6183685 3.5427582
a 2.7622886 2.8212419 2.8212419 2.71622886
X0 -0.430935 -0.670806 -0.670806 -0.430935 0.4381758 -0.129
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Feb rainfall, 1.8845133 1.3042035 1.3042035 1.8845133 threshold GCM
mm curtailment
S.D, mm 57306837 4.8272513 4.8272513 5.7306837
a 44682141 3.7638078 3.7638078 4.4682141
X0 -0.694294 -0.86806 -0.86806 -0.694294 0.4329475 -0.199
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
mar rainfall, 2.3457661 1.8336694 1.8336694 2.3457661 threshold GCM
mm curtailment
SD, mm 6.8755945 5.9537354 59537354 6.8755945
a 53609011 4.6421275 4.6421275 5.3609011
X0 -0.748251 -0.845512 -0.845512 -0.748251  0.425856 -0.111
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Apr rainfall, 3.2279167 3.0566667 3.0566667 3.2279167 threshold GCM
mm curtailment
SD, mm 9.0959127 9.6652314 9.6652314 9.0959127
a 7.0920831 7.5359809 7.5359809 7.0920831
X0 -0.865244 -1.292687 -1.292687 -0.865244 0.4177994 -0.267




GCM

Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
May rainfall, 3.5149194 3.6433468 3.6282258 3.8769959 threshold GCM
mm curtailment
SD., mm 11.845546 10.702332 10.707149 11.723794
a 0.2359718 8.3446084 8.3483641 9.1410425
X0 -1.815576 -1.172703 -1.189991 -1.398712 0.4436624 0.558
GCM
Parameter Obs raw curtailed corrected
Mean Threshold
rainfall, 51775 6200625 6200625 51775  Calibrated for present
Jun threshold GCM
mm curtailment
SD., mm 13.720241 17.784136 17.784136 13.720241
a 10.697672 13.866291 13.866291 10.697672
X0 -0.996608 -1.712236 -1.712236 -0.996608 0.4055261 0.000
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated  for present
Jul rainfall, 5.6042339 11.055444 10.847984 6.6205556 threshold GCM
mm curtailment
SD., mm 15609444 22.486144 22577005 15.138518
a 12.170684 17.532447 17.603291 11.803502
X0 -1.420016 0.9366787 0.6883315 -0.191777 0.4137089 3.126
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Aug rainfall,  6.4038306 85042339 8.4235887 7.2845333 threshold GCM
mm curtailment
SD., mm 16573629 16.885724 16.922921 16.153588
a 12.922459 13.165799 13.194801 12.594953
X0 -1.054302 0.905658 0.8082745 0.0154187 0.4006977 2.082
Sep Parameter Obs GCM calibrated  Threshold




raw curtailed corrected
Mean for present
rainfall, 3.88 45658333 4.5152083 4.5832213 threshold GCM
mm curtailment
SD, mm 14.082445 1259794 12.614604 13.838627
a 10.980082  9.822614  9.8356064 10.789977
X0 -2.4571 -1.10324 -1.161363 -1.644161 0.4528273 1.184
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Oct rainfall, 1.7977823 1.1921371 1.1899194 1.9336398 threshold GCM
mm curtailment
SD, mm 6.8047232  4.09522  4.0958391 6.7654585
a 53056427 3.193043  3.1935258  5.275028
X0 -1.264343 -0.650712 -0.653208 -1.110817 0.4615095 0.170
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Nov rainfall,  2.4585417 1.4058333 1.4058333 2.4585417 threshold GCM
mm curtailment
SD, mm 7.8230756 4.8765049 4.8765049 7.8230756
a 6.099652  3.8022109 3.8022109  6.099652
X0 -1.061842 -0.788594 -0.788594 -1.061842 0.4375497 -0.064
GCM
Parameter Obs raw curtailed corrected
Threshold
Mean calibrated for present
Dec rainfall, 1.4108871 1.033871 1.0322581 1.4589386 threshold GCM
mm curtailment
SD, mm 45994117 3.1946644 3.1951617 4.5839415
a 35861613 2.4908798 2.4912676 3.5740992
X0 -0.658848 -0.403728 -0.405565 -0.603835 0.4451764 0.123
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Fig. 4.3 Monthly differences between precipitation observed and GCM
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Table 4.6 Statistical analysis of monthly temperature of Jeju weather station

Tmax Tmin
Parameter GCM GCM
Obs Obs
Jan raw corrected raw corrected
Mean 83891129 84592742 8.3891129  3.50625 3.534879 3.50625
temperature
=D 3.6742569 3.6585964 3.6742569 2.7622018 2.8675286 2.7622018
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Feb raw corrected raw corrected
Mean 9.8110619 9.7969027 9.8110619 3.9331858 3.665708  3.9331858
temperature
S.D
40436654  3.99691  4.0436654 2.925544  3.0054048  2.925544
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
mar raw corrected raw corrected
M
e 13.335081 13.380242 13.335081 6.372379 6.3227823  6.372379
temperature
S.D
41551403 4.1039883 4.1551403 2.8671781 3.1948862 2.8671781
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Apr raw corrected raw corrected
M
e 17.915625 17.634792 17915625 10.53125 10.4775 10.53125
temperature
=D 3.5390729 3.3799634 35390729 2728207  2.9585716  2.728207

temperature




May

Jun

Jul

Aug

Sep

Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 21.879234 21.596573 21.879234 14958468 14.540323 14.958468
temperature
=D 28179927 2.8488609 2.8179927  2.15479  2.4351191 2.15479
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 24.861667 24.926875 24.861667 19.240625 18.960625 19.240625
temperature
=D 2.6567654 2.6320187 2.6567654 2.0716386 2.5707954 2.0716386
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
M
e 29.309073 28.972379 28972968 23.61875 23.377621  23.61875
temperature
D
> 29251294 2.8690517 2.868614 2.1930725 2.2199379 2.1930725
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
M
99958669  30.288306  29.958669 24.676411 24.617944 24.676411
temperature
SD
2.6403331 2.3763873 2.6403331  1.770507  1.8389777  1.770507
temperature
Parameter Tmax Tmin




Oct

Nov

Dec

GCM GCM
Obs Obs
raw corrected raw corrected
Mean 25975417 25.815625 25975417  20.89625 21.1075 20.89625
temperature
=D 24367789 24484808 2.4367789 2.1220353 2.2130728 2.1220353
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 21.766935 2155746  21.766935 15.835887 15.801008 15.835887
temperature
=D 25599549 2.8056193 2.5599549 2.6263472 2.8634265 2.6263472
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 16.216667 16.022292 16.216667 10.434792 9.9197917 10.434792
temperature
=D 3.5958183 35059125 3.5958183 3.3632823 3.2613259 3.3632823
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 10.640121 10.831452 10.640121 5.4691532 5.3852823 5.4691532
temperature
oD 3.672995 39361442 3.672995 2.8210529 3.1500914 2.8210529

temperature




Table 4.7 Statistical analysis of monthly temperature of Seogwipo weather

station
Tmax Tmin
Parameter GCM GCM
Obs Obs
Jan raw corrected raw corrected
Mean 10.848387 11.268145 10.848387 4.1110887 4.5649194 4.1110887
temperature
S.D
3.2709862  3.404672  3.2709862 3.2492949 3.2759453  3.2492949
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Feb raw corrected raw corrected
Mean 12.034735 12.264823 12.034735 5.1553097 5.2471239 5.1553097
temperature
S.D
3.3467145 3.3961471 3.3467145 3.4349312 3.4998784 3.4349312
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
mar raw corrected raw corrected
Mean 14.91875 15.18871 1491875 75467742 79052419 7.5467742
temperature
S.D
3.2404874  3.453447 < 3.2404874 3.3467231 3.7972043 3.3467231
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Apr raw corrected raw corrected
Mean

18.872083  18.905208 18.872083 11.676042 12.067292 11.676042

temperature

SD 2451341 25326746 2451341  2.6608483 3.1014767 2.6603483




temperature

Tmax Tmin
Parameter GCM GCM
Obs Obs
May raw corrected raw corrected
Mean 22.705444  22.679637 22.705444 15990524 15.983871 15.990524
temperature
=D 2.3966287 25617483 2.3966287 2.1103427 2.4900168 2.1103427
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Jun raw corrected raw corrected
Mean 25.025417 25.227917 25.025417 19.737708 19.915833 19.737708
temperature
oD 2.0328564  1.978879  2.0328564 1.8365732 2.3160237 1.8365732
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Jul raw corrected raw corrected
Mean 28.775 28988306 28.987911 24.006855 24.233669 24.006855
temperature
=D 24082308 2.4241263  2.4245658 2.0968937 2.1825699  2.0968937
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Aug raw corrected raw corrected
Mean 30.454032 31.255242 30.454032 30.454032 31.255242 30.454032
temperature
D 2.073192 19331068 2.073192  2.073192 19331068 2.073192

temperature




Tmax Tmin
Parameter
GCM GCM
Obs Obs
Sep raw corrected raw corrected
Mean 27753333  28.0175  27.753333 21.824792 22.087083 21.824792
temperature
S.D
2.0892581 2.0311628 2.0892581 2.1902493 2.3717984 2.1902493
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Oct raw corrected raw corrected
Mean 23.920161 24.068145 23.920161 16.822177 17.126613 16.822177
temperature
D 2.3439578 2.5112421 2.3439578 2.7282199 3.1414044 2.7282199
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Nov raw corrected raw corrected
M
ean 18.426458 18.781042 18.426458 11.270208 11.365625 11.270208
temperature
5D 3.2468176 3.1125504 3.2468176 3.5613982 3.6461158 3.5613982
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Dec
M
ean 12.872782 13596371 12.872782 6.0042339 6.6179435 6.0042339
temperature
S.D
3.4226939 3.7364147 3.4226939 3.303809 3.6112256  3.303809

temperature




Table 4.8 Statistical analysis of monthly temperature of Seongsan weather

station
Tmax Tmin
Parameter GCM GCM
Obs Obs
Jan raw corrected raw corrected
M
e 8.7560484 9.0292339 8.7560484 2.0907258 3.1185484  2.0907258
temperature
S.D
3.6853688 3.5753325 3.6853688 3.0697867 3.0605833 3.0697867
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Feb raw corrected raw corrected
Mean 10.164381 10.204867 10.164381 2.6938053 3.3442478 2.6938053
temperature
=D 3.769829 35576747 < 3.769829 35317636 3.1442042 3.5317636
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
mar raw corrected raw corrected
M
e 13.555242  13.443952 13.555242 5.1104839 5.8794355 5.1104839
temperature
=D 3.6497589 3.3503933 3.6497589 3.3848699 3.0528775 3.3848699
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Apr raw corrected raw corrected
Mean

17.966458 17.699792 17966458 9.3495833  10.0125  9.3495833

temperature




S.D

28617519 25108408 2.8617519 3.357595  2.6480721  3.357595
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
May raw corrected raw corrected
Mean 21.947177 21583065 21.947177 14.008468 14.071371 14.008468
temperature
D
° 2.6693986 2.3921917 2.6693986 2.6902384 2.2716849 2.6902384
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Jun raw corrected raw corrected
Mean 91190167 24454167 24129167 18135625 18221042 18135625
temperature
S.D
220609787 2.0274688 2.2069787 2.2959531  2.268831  2.2959531
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Jul raw corrected raw corrected
Mean 28.163508 28.290927 28290598  22.73629 22553427  22.73629
temperature
=D 24649255 24210229 2.4213057 1.9739141 2.1983162 1.9739141
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Aug raw corrected raw corrected
Mean 29.681855 30.116935 29.681855 23.953427 23.926815 23.953427

temperature




S.D

2.2003933 19025118 2.2003933 1.7014398 1.8103035 1.7014398
temperature
Tmax Tmin
Parameter
GCM GCM
Obs Obs
Sep raw corrected raw corrected
M
ean 26431875 26.324792 26431875 20.556667 < 205725  20.556667
temperature
D 22937522 2.1534043 2.2937522 2.4703244  2.239248  2.4703244
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Oct raw corrected raw corrected
M
ean 22.104032 22.089516 22.104032 14.839315 15540927 14.839315
temperature
S.D
25763932 2.6364674 25763932 3.187578  2.8434789  3.187578
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
Nov raw corrected raw corrected
M
e 16.504792 16.611458 16.504792 89104167 9.6822917 8.9104167
temperature
D
° 3.7023603 3.3597044 3.7023603 3.9383527 3.4080096 3.9383527
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Dec
M
e 12.872782 13596371 12.872782 3.8149194 49905242 3.8149194
temperature
S.D
3.4226939 3.7364147 3.4226939 3.3695096 3.3263216 3.3695096

temperature




Table 4.9 Statistical analysis of monthly temperature of Gosan weather station

Jan

Feb

mar

Apr

Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 8.2836694 8.7635081 8.2836694 3.5145161 4.1002016 3.5145161
temperature
=D 3.6464727 3.4689472 3.6464727 2.8696656 2.8302943 2.8696656
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 9.4800885  9.794469  9.4800885 3.9362832 4.2997788 3.9362832
temperature
D 3.8700226 3.6857598 3.8700226 2.9399477 2.8712776 2.9399477
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean o 450419 12841532 12452419 6.2485887 67354839  6.24858%7
temperature
oD 3.6349085 3.4086771 3.6349085 2.8098237 2.9006497 2.8098237
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 16.655208 16.754792 16.655208 10.193125 10.63625 10.193125
temperature
=D 2.8450693 2585397  2.8450693 2.4750392 2.4552739 2.4750392

temperature




May

Jun

Jul

Aug

Sep

Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 20.429435 20.337903  20.429435 14.274798  14.33004  14.274798
temperature
=D 24302015 2.2014263 2.4302015 2.1021273 2.0413911 2.1021273
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 23.838958 24.033542 23.838958 18416875 18.602083 18.416875
temperature
=D 1.9919889 2.0321579 1.9919889 19784504 2.2165528 1.9784504
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 27478024 27585685 27584955 22.772984 22.879234  22.772984
temperature
=D 23724983 21738242 21748227 2.123813  2.0967296  2.123813
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 29.357056  29.804435 29.357056 24.034476  24.40625  24.034476
temperature
5D 21114672 1.8429172 2.1114672 1.7064704 1.7211874 1.7064704

temperature

Parameter

Tmax

Tmin




Oct

Nov

Dec

GCM GCM
Obs Obs
raw corrected raw corrected
Mean 26.178125  26.32875 26178125 20.504792 20.877292 20.504792
temperature
oD 2.3967446  2.2208648 2.3967446 2.1265196 2.0968425 2.1265196
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 2166129 21.645766 21.66129 15925605 16.268145 15.925605
temperature
=D 3.0004164 2.9408394 3.0004164 2.3886367 2.4901895 2.3886367
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 16.334375 16.437083 16.334375 10.848958 10.956875 10.848958
temperature
=D 3.6209731 3.4177359 3.6209731 3.3017486 3.0723758 3.3017486
temperature
Tmax Tmin
Parameter GCM GCM
Obs Obs
raw corrected raw corrected
Mean 10.740323 11.401411 10.740323 5.6387097 6.2058468 5.6387097
temperature
oD 3.6514598 3.7955074 3.6514598 2.9807926 3.1020791 2.9807926

temperature
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Fig. 4.4 Monthly differences between Maximum temperature observed and GCM
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Table 5.1 Specification of weather stations

EL. (m)

Longitude

Latitude

Weather station

126° 317

20.5
46.7

126° 337

33° 30" 51.07

Jeju

47.0
90.2""

33° 147 46.0”

Seogwipo
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Fig. 5.2 Map of land use of Oaedo stream.



Table 5.2 Analysis result of land use of Oaedo Stream watershed

FER EARR  EAC§TE 5 (k) H] & (%)

110 URLD 0.410 0.99

130 UuCoOM 0.004 0.01

140 URLD 0.010 0.03

150 UTRN 0.043 0.10

210 RICE 0.209 0.50

220 AGRR 1.037 2.51

230 AGRR 0.015 0.04

240 ORCD 2.816 6.81

310 FRSD 17.119 41.37

320 FRSE 10.181 24.61

330 FRST 0.932 2.25

410 PAST 1.679 4.06

430 PAST 6.790 16.41

620 AGRC 0.084 0.20

710 WATR 0.046 0.11
ATHY F9Y AN F9o EANBEES BAG A% ol 66.98%, 27

20.47%, 9ol 6.81%, W 251% 02 FAH AT



Gangjeong stream land use

Fig. 5.3 Map of land use of Gangjeong stream.

Table 5.3 Analysis result of land use of Gangjeong Stream watershed

TEF EXLF EA o] &TE A (k) H] & (%)
110 URLD 0.082 0.21
130 UCOM 0.003 0.01
140 URLD 0.003 0.01
150 UTRN 0.026 0.07
160 UINS 0.102 0.27
220 AGRR 0.685 1.79
230 AGRR 0.637 1.67
240 ORCD 4313 11.29
250 AGRR 0.021 0.05
310 FRSD 20.186 02.84
320 FRSE 7.050 18.45
330 FRST 1.145 3.00
410 PAST 2.174 0.69
430 PAST 1.721 4.50
620 AGRC 0.030 0.08
710 WATR 0.024 0.06
720 WATR 0.002 0.01

Ard 79 A 799 EXYEES 24 A abdol 71.29%, w4

o] 11.29%, =4 10.19%, & 1.79% 2= A ¥ .

— 100 —
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Fig. 5.4 Map of soil type of Oaedo stream.

- 101 -



Table 5.4 Analysis result of soil type of Oaedo Stream watershed

E¥: A A (k) H] &(%) E¥: A (k) H] &(%)
HEUGAG 13.669 33.04 JUNGMUN 1.007 2.43
NORO 3.217 707 RB 0.967 2.34
GUNSAN 3.099 7.49 JEJU 0.782 1.89
JEOGAG 2.442 5.90 AEWEOL 0.447 1.08
NONGO 2.210 0.34 UDO 0.398 0.96
TOSAN 2.195 5.30 ARA 0.370 0.89
ORA 1.896 4.58 SARA 0.366 0.89
PYEONGD
AR 1.763 4.26 MUREUNG 0.359 0.87
HANGYEO GANGJEO
1.598 3.86 0.313 0.76
NG NG
JEONGBA
DONGGUI 1.262 3.05 0.207 0.50
NG
DAEJEON
HANRIM 1.170 2.83 G 0.196 0.47
YONGHEU
NG 1.083 2.62 GUEOM 0.132 0.32

Gangjeong stream soil

=
i
o
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Fig. 55 Map of soil type of Gangjeong stream.



Table 5.5 Analysis result of soil type of Gangjeong Stream watershed

EYE H A (ki) B & (%) EYE A A (k) B & (%)
HEUGAG 15.032 39.35 GUNSAN 0.589 1.54
NONGO 5.261 13.77 GUEOM 0.356 0.93
JUNGMUN 5.225 13.68 SARA 0.310 0.81
Rock
NORO 3.499 9.16 0.212 0.55
outcrop
RB 1.291 3.38 SONGAG 0.154 0.40
JEOGAG 1.002 2.62 GAMSAN 0.139 0.36
PYEONGD
ARA 0.938 2.45 0.136 0.36
AE
ORA 0.887 2.32 GYORAE 0.106 0.28
DAEJEON
MINAG 0.789 2.07 G 0.038 0.10
YONGHEU DONGHON
0.788 2.06 0.034 0.09
NG G
JEJU 0.731 191 JOCHEON 0.012 0.03
DONGGUI 0.711 1.86

2. SWATREE 9 HZA

2.1 ADCP #&7]7)

ADCP(Acoustic Doppler Current Profiler)&= 3299 <% 181 stHo A4S
wEA g&Hos FAH, 49 TR ¢ A== 71Ee] SFATHIY H|
wskH v sttt ADCPE &83 3542 w54 olA M A7) =
< WolH, Hm AY XA (USGS)elA oF 57%9 @S5 48e &3 F-7%
=4 A4S ADCP #=7]715 &&38to] o] Fo A vk (Muste et. 2007). 7] A4

.
Ael7k s Fael ¢ AFAA % F40) /b5 AT ADCPE 3 3

[
fru
)
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ooz ot @Y FH 52 Fuh AFA Y 7ES AFHE =2 5F
s Al sth(Fig. 5.6).

ADCP+= 20 ~ 30° A% 7]&o4% 3 ~ 12709 ®S oF 200kHz ~ 3MHz w3
o] 2595 HAst st FH2 ~ 100 cm) @2 S FF S JAWT
S SAS 1Ao] ofd 3xd &S AT FTHRDI, 1996; SonTek, 2000).

Tol A+ SonTek Aol RiverSurveyor M9E ARE3t4 o™ RiverSurveyor M9+=
tgst ADCP 71715 & BT FAd AMSstEE AA AT

PLAN VIE'W AT CELL «

(a)

(c)

Fig. 5.6 Observation of discharge using ADCP: a) Principle of ADCP ; b) ADCP
equipped with 9 beams (SonTek RiverSurveyor M9); ¢) Management of ADCP

In scene
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20113 7€5-H 20143 2€714
o] &3} th(Table. 5.6).

AAEARE

=
=

=

717191 ADCP ¥ SIVE o] &3 &

Table 5.6 Comparison of stream baseflow discharge measurement method

DATE Discharge(m®/sec)
QOaedo stream Gangjeong stream

2011.07.08 1.047 0.919
2011.07.22 0.314 1.0253
2011.08.06 0.275 1.3043
2011.08.19 0.376 1.309
2011.09.02 0.332 1.1035
2011.09.16 0.249 1.115
2011.09.30 0.371 1.1875
2011.10.14 0.67 -

2011.10.28 0.464 0.864
2013-08-23 0.072 0.414
2013-09-06 0.238 0.528
2013-10-12 - 0.413
2013-11-01 - 0.329
2013-12-26 0.464 0.39
2014-01-03 0.054 0.185
2014-02-07 0.207 0.245
minimum 0.01 0.185
maximum 1.117 2.269

A3 =T S 98 I BVIHSS 623 Ao, ADCPE #=3%
SEH FEFE 001 ~ 1.047 m¥/s, ZAHL 0185 ~ 2269 mY/so® B3},



H Oaedo stream
W Gangjeong stream

Date

Fig. 5.7 Comparison of stream baseflow discharge
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o] 2004 ~ 2014(108)S =38 H A(Calibration) 713k
o7 &o] A=x7¢ ADCP #= A7 E o] &3lo] nluaich

1000 rpompypoyTIT IV T WM‘ T ¢
—Simulated Q
o Observed Q
200
,-EL .
£ 400 E
[N £
2 =
5 5
[3) b £
g 1 ‘ | |‘ T il ‘l I l I w‘w' “ |“L IR i il 600 g
N A L !
L “ ~l“ "1‘
1 Ml‘ ‘l 14 | “ Ll ! N | 800
0.01 1000
2004-01-01 2006-01-01 2008-01-01 2010-01-01 2012-01-01 2014-01-01
(Date 2000. 1. 1-2014. 12. 31)

Fig. 5.8 Result of the present runoff simulation of the basin of Oaedo stream.

1000 W 0
mm Rainfall
—Simulated Q

100 - .

o Observed Q 200

Discharge (mm).

1

>
8
Rainfall (mm)

Nl &4

800

|

0.01 1000
2004-01-01 2006-01-01 2008-01-01 2010-01-01 2012-01-01 2014-01-01
(Date 2000. 1. 1-2014. 12. 31)

Fig. 59 Result of the present runoff simulation of the basin of Gangjeong

stream.
SWATRHe] A58 fa] fa meladse 4529 oA4vAe Fahsiark.

Table 573 22 HA ALY e ko] 4 HAe] Z23E Agste] A8

o,
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Table 5.7 Hydrological model performance criteria

RMSE <
(Root Mean Square SE = \/%231 (X, —Y,]?
Error) -
R*(Coeffcient of pe_ SSR _ SSE
Determination) SST SST
ADCP #5235 o] g3 9= w99 vizfs 482 CN2E -2 8% a4,

ESCO +0.75, SOL_AWSC +0.03 3oz som, FAH f99 7w 48
2 CN_2& -5 33k 14, ESCO +0.55, SOL_AWSC +0.03 %33} th(Table 5.8).
wojAY ghe BRI A, g F99 ARASF R g2 094, BAAFLL
Z}(root mean square error; RMSE) #t< 207, 2443 €99 R* < 0.83, RMSE
2 05122 JEtH(Fig. 510~11). BAH wi/iWsE &8st A5 Ao 77t
+ EAE 7heskd e 156 d7H2000~20141) 9] = AR FEES 13~34%(F

+ 21%), 24 FEEL 11~32%(F i 23%) o= B2 5t}

Y

A

l:L:I

Table 5.8. Calibrated parameters

Calibrated
value
Parameter Definition Min. Max. G
QOaedo . ang
jeong
SCS runoff curve
CN2 -8% +8% -2% -5%
number
Soil evaporation
ESCO 0 1 0.75 0.55

compensation factor

Available water capacity
SOL_AWC _ 0 1 0.03 0.03
of the soil layer
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Observed Discharge(mm)
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Fig. 5.10 Result of calibration of Oaedo stream.
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S 40 |
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S 40 | L
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g 20t 0
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Fig. 5.11 Result of calibration of Gangjeong stream.
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A9 FUFES 2Zostdod, 21008704 v fE2e] #HstE vustr] 9
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g 4 1200 g
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0.01 ‘ 2000
2015-01-01 2025-01-01 2035-01-01 2045-01-01 2055-01-01 2065-01-01 2075-01-01 2085-01-01 2095-01-01

(Date 2015. 1. 1-2100. 12. 31)
Fig. 5.12 Future present comparison of direct runoff of Oaedo stream.
1000 IRy, ©
mm Rainfall
100 ”' I —Simulated Q 400
'NWM MWI
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E I AR A R R wup LRI (A A (AT =
- UM Nl ARl - -
% 1 | 1200 _“%
a o
0.1 1600
0.01 2000
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(Date 2015. 1. 1-2100. 12. 31)

Fig. 5.13 Future present comparison of direct runoff of Gangjeong stream.
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Fig. 5.14. Future present comparison of direct runoff of Oaedo stream.
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Fig. 5.15 Future present comparison of direct runoff of Gangjeong stream.
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32 A AxFEF B4

2 AFo s ALY FEH BHS fste 5 3 ~ 59, 952 6 ~ 8¥, /M=
9 ~ 11¥, A& 12 ~ 2¢€=2 =9 HEAS fF9dz B4S A

o= FEFo] 59% 71, AJEdE 11%, ALdE 9% Z=7lstd ot
849% 7rAaslE Aoz vehykth msk 207597 20810 & o] AA ZF713F A
o7 o =AY I=H F9 d 7|7k AHE FEHE BW Foe 23977 mm,

ol Foll= 84.777 mm, 7F& 30.366 mm, 7ol 8831 mm= YWEFTHFig. 5.16).
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Fig. 5.16 Climate change impacts on seasonal discharges at Oaedo stream.
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AR F9& A5 Agde 5% Ta, 58 Hgde 5% S7HE U
Wtk BolE fEEo] 24%, 7FSdlE 34% SUHeE o, o EellE 23%, A%dle
36%%2 adte Aoz veyt w3k 203633 207530 FEHel A T
AoR2 dFatant. AAD F99 A Ve A KFEFS AW Folv 41.729
mm, o EolE 114.268 mm, 7FHS 22532 mm, 7ol 13874 mm=z vEFsTH(Fig.
5.17).
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Fig. 5.17 Climate change impacts on seasonal discharges at Gangjeong stream.
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Table 5.9 Specification of weather stations

Weather station Latitude Longitude EL. (m)
. ,,, 126° 317
Jeju 33° 30" 51.0 B 20.5
46.7
_ - 126° 33°
Seogwipo 33° 14”7 46.0 B 47.0
55.2
126° 52’
Seongsan 33° 23 136”7 B 17.8
48.7
126° 09°
Gosan 33° 17" 31.7 611 71.5
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Sedt ME S ML e Ao® 0T F gllon, SPI 1294 % TR
2 Yeve Aee 24T Tk AErt Ads ofnsta vk 53], 201349 7
A5 AFE ol 90 whell Hote] JhEo] WAt AFAE VA AFA
2013 74oll SPI 67} -51 7h#] SA4lg 7he o= veha glow Ak 7daS
25 A9 39 B4 BT 201332 SPI 671 -2.0& do] 43 MRz U
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(a) Jeju weather station of SPI 6

Ao (M] Ay A mmn,f
“ WMNW\J R A

-4 T T T T T T T T T T T T T T T
1961-12 1965-06 1968-12 1972-06 1975-12 1979-06 1982-12 1986-06 1989-12 1993-06 1996-12 2000-06 2003-12 2007-06 2010-12 2014-06
DATE

- 117 -



(b) Jeju weather station of SPI 12
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(d) Seogwipo weather station of SPI 12
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(e) Gosan weather station of SPI 6
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(h) Seongsan weather station of SPI 12

Fig. 5.18 Monthly standardized precipitation index showing SPI 6 and SPI 12.
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Table 5.10 Computation of standardized precipitation index of weather stations

Year Jeju Se.o Go  Seong Year Jeju Sc?o Go  Seong
gwipo  san san gwipo san san
1961  -0.051 -0.339 - - 1988  -0.315 -0.216 -1.171 -0.886
1962 -0.285 -0.031 - - 1989  -0.053 -0.088 -0.563 -0.468
1963  -0.106 0.162 - - 1990 0396 0853 0278  0.237
1964 -1.595 -1.383 - - 1991 1.023 0536 1.055 0484
1965  -1.057 -0.978 - - 1992 0.042 0.072 -0.187 0.305
1966 -0.620 -0.981 - - 1993 0254 0653 0.014 0.103
1967  -1.286 -1.345 - - 1994 0251 0.091 -0.576 -0.233
1968  -1.543 -1.605 - - 1995 0453 0.882 -0.450 0.493
1969  -0.531 -0.500 - - 1996  -0.848 -0.195 -1.199 -0.323
1970  -0.557 -0.425 - - 1997 -0.672 -0.280 -1.163 -0.089
1971 -0.956 -1.063 - - 1998 0598 0813 0328  1.037
1972 -0.293 -0.226 - - 1999 1454 1374 1258 0.638
1973 -0.113 -0.318 - -0.873 | 2000 -0.272 -0.432 -0.670 -0.956
1974 0.038 -0.065 - -0.688 | 2001  0.251 0.211 -0.003 0.002
1975 -0.800 -0.768 - -1.692 | 2002 0650 0.228 0275 0.113
1976 0.388 -0.191 - -0.097 | 2003  1.202 0948 1.082 0.980
1977  -0.511 -0.009 - -0.586 | 2004 -0.014 0438 0194 0.3%4
1978  -1.014 -0.774 - -2.212 1 2005 -0.708 -0.236 -0.627 -0.215
1979 0.192  0.643 - -1.059 | 2006 0377 0.165 0434 0.648
1980  -0.107 0.179 - -0.405 | 2007  0.779 0.289 0.008 0.573
1981  0.129 -0.093 - 0.222 | 2008 0583 0.229 -0.094 0.393
1982 0.169 -0.003 - -0.406 | 2009 -0.038 0.528 0.028  0.006
1983  0.023  0.128 - -0.059 | 2010 0559 0945 0.746  0.432
1984  -0.656 -0.646 - -0.743 | 2011  0.118 0.223 -0.760 -0.204
1985 1413  1.467 - 1580 | 2012 1291 1273 0.800 0.968
1986  0.883 0.335 - 0.282 | 2013 -0414 -2636 -0.661 -0.361
1987  0.955  0.468 - 0.753 | 2014 0331 0.842 0252 0.602
minimum 1454 1467 1258  1.580
maximum -1595 -2.636 -1.199 -2.212
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Fig. 5.19 Monthly standardized precipitation index showing SPI 6 and SPI 12

with simulated weather data.
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Future 3(2075 ~ 2100)o.2 AAsle] 7z} 7|7 wslgds H7hst )

1. e A7 e A=

A 7 sk A Frsk o (Fig. 5.20(a), B2 AAEX7]4d = Future 1
717kl A 19%, Future 2 7]7Fell= 33%, Future 3 717F2 33% 37131 tH(Fig.
5.20(b)).

Fol wAb7)1 = Future 1 7]13Foll A 449, Future 2 7]3Fol &= 64%, Future 3

X

N

17+2 59% S7Fstd o™ (Fig. 5.20(c), vHAIH o= FF Ai7|dd A5
Future 1 7]17Fell A 22%, Future 2 7]3tell &= 36%, Future 3 717F2 30% Zd=%F9)
Z7bet g oh(Fig. 5.20(a)). T8 4709 7140 =% Future 2 7]%Fe] Future 1, 3K

e Zrhgol /b = A E AT
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Fig. 5.20 Variation of simulated year precipitation of weather station.
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Table 5.11 Variation of simulated monthly precipitation of weather station

Future 1(2015 ~ 2044)

Future 2(2045 ~ 2074)

Period
. Seo Go Seong . Seo Go Seong
Jeju gwipo san san Jeju gwipo san san
Jan 51% 19% 6% 6% 62% 40% 44% 59%
Feb -10% 8% 33% 13% 27% 66% 99% 70%
Mar 26% 46% 39% 34% 43% 116% 84% 82%
Apr 31% 42% 40% 32% 66% 79% 82% 57%
May 23% 43% 64% 31% 26% 23% 54% 23%
Jun 7% -16% 19% -7% 9% -5% 43% 13%
Jul -1% -17% 44% -6% -3% -2% 70% -5%
Aug 8% 8% 26% 13% 24% 12% 38% 11%
Sep 6% -13% -5% -8% 16% 19% 42% 43%
Oct 16% 132%  213% 98% ~7% 85% 118% 42%
Nov 62% 111% 81% 110% 17% 85% 72% 98%
Dec 88% 1% 156% 99% 63% 82% 177%  130%
Future 3(2075 ~ 2100) Average
Period Jefu Se.o Go  Seong Jeiu Se.o Go  Seong
gwipo  san san gwipo  san san
Jan 15% 21% 19% 22% 43% 27% 23% 29%
Feb 16% 42% 55% 45% 11% 39% 62% 42%
Mar 12% 33% 29% 24% 27% 65% 51% 47%
Apr 26% 33% 37% 28% 41% 51% 53% 39%
May 8% 18% 24% 13% 19% 28% 47% 22%
Jun 13% -24% 9% -39% 10% -15% 23% -11%
Jul 21% -22% 17% -26% 6% -13% 44% -13%
Aug -1% 7% 1% -14% 11% 4% 22% 4%
Sep 13% -10% 4% -8% 12% -2% 14% 9%
Oct -12% 51% 65% 46% -1% 89% 132% 62%
Nov 17% 48% 41% 46% 32% 81% 65% 84%
Dec 29% 39% 57% 42% 60% 66% 130% 90%
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21 AREFEZF Z7]d wE TANE A3

e

7SR ste] WE AFFEF AA WstE BAS AAEdT 714§
o A E4717H F 301(1985~2014) et e o® st A
el o= F93% A Fe vy 869 FhE 3708 #4713+ Future
1(2015 ~ 2044\3), Future 2(2045 ~ 2074\d), Future 3(2075 ~ 2100)°o. = A3}
ol A% fFr&FS s th(Fig. 521 ~ 22).

AFE Ho A o= F9¢ HA 7|3ke] Hd AFZfFEL 480.983 mm
o2 A Uy 21%°0 2 AREFEZ UES ST, Future 1 713 = A R2FE
o] 178989 mm, Future 2 7]3tol+= 292.073 mm, Future 3 7137+ 574.203 mm=
Future 1, Future 28 37 7|7tEt @& A E/45S vEyk oy, Future 3 &
%ol T7tete o2 yeut AFR Jied fAE AAH 99 #A 7|3
o] Byt AXFEFS 444567 mmOZ ZF9-F diH] oF 23% 0 F ARFEE JER

1

717l = A FEFEF0] 713769 mm, Future 2 7|7l = 884.623

mm, Future 3 7]7+& 1,063.063 mm=z "2 242 X FHFHo] F713A ).

o Future
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Fig. 5.22 Future present comparison of Discharge of Gangjeong stream.
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Fig. 5.23 Trends of event discharge at streams.
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Fig. 5.24 Future simulated discharge of Oeado stream of Box-plot.
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Fig. 5.25 Future simulated discharge of Gangjeong stream of Box-plot.
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Table 5.12 Variation of simulated discharge of study streams

Period Spring Summer Fall Winter
Future
) -33% -37% 92% 100%
Qaedo Future
o ) 172% -55% -88% 909%
stream
Future
3 36% 145% -70%% 108%
Future
. -13% -34% -2% 20%
Gang
Future
jeong ) 45% -32% -5% 1496
stream Future
3 -8% 17% -549%% 73%
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T, AFE, Ak, A V1daSae vdg 86d Eoke 3709 2471k Future
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1(2015 ~ 20443), Future 2(2045 ~ 2074'd), Future 3(2075 ~ 2100)°.=2 A A3}
o 7MEAFE ERSATHFig. 526 ~ 29). #l#e] JhE @S B4 Hsho
7hE A E713k9) 6709l SPL 65 ©] &3k SA4% 7he s YEY -1.5 °lsht
A BE 7Ieom A4S AASAT. HRAGl AR AFT]d el 5ol
i Future 1 713Foll Al 20199 69 ~ 10¥€7hA] HH Ao 2 - 1.65 22 YEY S
20243 14¥ ~ 4974 Future 1 7|3t A Ht -170= 7 S48 7He A&
YERaL At

Future 2 7|3t &= 7H8 S48 7FEo2 20661 11904 20673 1€704) &

-1.97, 2068\ 3¥ol+= Hj -2.167h4 WEFS T Future 3 7172 20894 3¢ <]
-2.0, 2094 3€ol= -2390 % AFVIFHE HAA ThEATE WdEda ATk A
How W Hyr ZAFE JhEAs Hedo] 2A FUskeE s 9+ AT

(Fig. 2.26).
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Fig. 5.26 Future Monthly standardized precipitation index showing SPI 6 at Jeju

weather station.
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15102 HAAACSZ Future 27]7ko] 7hEAlg WsAdol AA F7hsk th(Fig.

2.27).
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(c) Future 1(2075. 1. 1 ~ 2100. 12. 31)

Fig. 5.27 Future Monthly standardized precipitation index showing SPI 6 at

Seogwipo weather station.
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Fig. 5.28 Future Monthly standardized precipitation index showing SPI 6 at

Gosan weather station.
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(c) Future 3(2075. 1. 1 ~ 2100. 12. 31)

Fig. 5.29 Future Monthly standardized precipitation index showing SPI 6 at

Seongsan weather station.
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Table 5.13 Variation of standardized precipitation index of weather stations

. Measuring
Period Event o
efficiency
Future 1 50 47%
Jeju
_ Future 2 36 6%
weather station
Future 3 20 -419%
Future 1 57 418%
S :
cOEWIRo Future 2 30 173%
weather station
Future 3 23 14196
Future 1 54 46%
Gosan
_ Future 2 23 -38%
weather station
Future 3 28 -13%
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Fig. 5.30 Relationship between AT, AET, AQ and AP at each basin.
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of AAZWAFS ARk AN ARAZI 070% o) Fe] e eam )

Table 5.14 Regression equations between AET and AT variation

Basin Regression Eq. R? R*
Oado Stream AET = 0.354 + 0.303AT 0.695%  0.691%
Gangjeong Stream AET = 0.867 + 0.543AT 0.744% 0.741%
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Fig. 5.31 Relationship of between change rate in Temperature and Actual ET.

Table 5.15% S5 G829 dFG Frd A3 FAP) Y AZFE W (A
Qe gk 3A2ES FAHsAT. 3 A AFAATTE 081% oS #s Holil
Aqow o]z Ao Wl Ax FEF Wsle mX = JFo] A & AL=R
e tH(Fig. 5.32).

Table 5.15 Regression equations between AQ and AP variation
Basin Regression Eq. R? R*
Oado Stream AQ = -050 + 71.377AP 0.809%  0.806%
Gangjeong Stream AQ = -0.05 + 12.954AP 0.935% 0.934%
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Table 5.16 Regression equations among variation rates of AQ, AP and AET

Basin Regression Eq. R? R*

Oado Stream AQ = -0.51 + 71.636AP - 0.38AET 0.809%  0.807%

Gangjeong Stream AQ = -0.06 + 13.028AP - 0.10AET 0.938% 0.937%
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