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Abstract

To evaluate influence of the future climate change on water environment, it is necessary to use a
rainfall-runoff model, or a basin model allowing us to simultaneously simulate water quality factors such
as sediment and nutrient material. Thus, SWAT is selected as a watershed-based model and Nakdong river
basin is chosen as a target basin for this study. To apply climate change scenarios as input data to SWAT,
Australian model (CSIRO: Mk3.0, CSMK) and Canadian models (CCCma: CGCM3-T47, CT47) of GCMs are
used. Each GCMs which have A2, B1, and AlB scenarios effectively represent the climate characteristics
of the Korean peninsula. For detecting climate change in Nakdong river basin, precipitation and temperature,
increasing rate of these were analyzed in each scenarios. By simulation results, flow and increasing rate
of these were analyzed at particular points which are important in the object basin. Flow and variation
of flow in the scenarios for present and future climate changes were compared and analyzed by years,
seasons, divided into mid terms. In most of the points temperature and flow rate are increased, because
climate change is expected to have a significant effect on rising water temperature and flow rate of river
and lake, further on the basis of this study result should set enhancing up water control project of hydraulic
structures caused by increasing outer discharge of the Nakdong River Basin due to climate change.
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Table 1. Composition of Nakdong River
Legal river (km)
River name Area (km®) Extension (km)
Nation Country Total
Total 23,657.1 (23,817.3) - 829.5 6,630.7 7,460.2
Nakdong river 7,794.3 521.5 400.7 86.8 487.5
Banbuen river 1,891.5 100.7 108.7 108.7
Naesung river 1,808.2 101.8 27.0 73.4 100.4
Byungsung river 434.8 21.0 30.0 30.0
Wi river 1,404.8 110.7 117.0 117.0
Gam river 1,003.7 71.4 41.2 29.0 70.2
Kumbho river 2,086.7 116.0 71.8 71.8
Whe river 780.3 70.4 26.3 26.3
Hwang river 1,328.2 111.0 78.8 28.0 106.8
Nam river 3,466.1 186.3 1454 40.0 1854
Milyang river 1,425.6 96.2 33.2 33.2
Yangsan river 232.9 314 10.0 16.0 26.0
Rest - - 214 6,075.5 6,096.9
* Korean river index (1991, Ministry of land, transport and maritime affairs)
Table 2. Rainfall Observatories of SWAT Model
NAME
Sangbuk Jangchun 11j1k2 Buksang Geochang Tongroung
Chungdo Gimchun Gilan choungyoun Habcheon Masan
Susan Buhang? Hyunseo Samga Milyang Youngdeok
Haman Angae Goryoung Taesu Sancheong Nambhae
Changnyoung Uiheong Unbong Daegu Chupungroung Chunyang
Gachang Sangju Uichon Youngju Jinju
Youngsung Nongam?2 Goseon Moonkyoung Andong
Hoabuk?2 Dongro?2 Seokbo Uisung Ulsan
Deaga Gibo Bunam Gumi Pohang
Waegwan Pungsan Youngyang Youngcheon Busan
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Name
Weosung
Jinju
Chupung
Tongyoung
Pohang
Geochang
Chunyang

15
16
17
18
19
20
21

NO.

Name
Pusan
Sanchung
Andong
Youngduk
Youngju
Youngchun
Ulsan

10
11
12
13
14

NO.

Name
Hapchun
Gumi
Namhae
Daegu
Masan
Mungyung
Milyang

NO.

Table 3. Weather Observatories of Korea for SWAT
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Table 4. Statistical Error Analysis Results for Model Calibration

Point Flow Relative Peak Relative Absolute Mean | Root Mean | Correlation
Error Volume Error Bias Square Error | Coefficient
Annual Average 174 14.6 117.1 132.0 1.0
Andongdam | Monthly Average 22.0 14.6 14.0 21.2 0.9
Daily Average 66.2 14.6 26.0 96.6 0.6
GCMso]tt. S, o Eq. (309 W9 HAE @AV Zogho]
5 _ o o]} ro wka o 7 GCMsol| &8 o9 mgare
.4 Downscaling Aol e AAla
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o s o ' =F(GW)) 3)
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B lFAnTE 444 g mebd ® ATE Sge o7lA, y E GOM e J1F2 melg ¢ GCM &
GCMs9] m7]$25e tisl] downscalingS A3k A NFzA BoRtF e wMEELRES, Fe d5d
B oA Age 2155 AAETE downscalingol = AR T EUES o & HeY HAE v
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Table 5. Analysis of Yearly Flow and Flow Variation at the Analysis Poinis

Nakbon E Nakbon I Nakbon N
Year GCM Scenario
Q(cms) | Q(%) | Qlecms) | Q(%) | Qlcms) | Q (%)
Present 134 - 295 - 348 -
A2 146 9 377 28 443 27
All (90 yr) -
92011 ~2100 CSMK AlB 165 23 358 21 422 21
B1 136 1 303 3 359 3
A2 206 54 396 34 468 34
All (90 y1) .
92011 ~2100 CT47 AlB 172 28 377 28 446 28
B1 173 29 350 19 413 19
A2 146 9 321 9 379 9
CSMK AlB 175 30 376 27 444 27
B1 130 v-3 293 V-1 347 0
2011 ~2040
A2 146 9 383 30 452 30
CT47 AlB 180 34 386 31 456 31
B1 130 v-3 307 4 362 4
A2 149 11 330 12 388 11
CSMK AlB 154 15 337 14 399 15
B1 133 v-1 297 1 352 1
2041 ~2070
A2 149 11 405 37 480 38
CT47 AlB 163 21 361 22 428 23
Bl 133 V-1 376 27 442 27
A2 143 7 317 8 376 8
CSMK AlB 167 24 359 22 423 21
B1 145 311 5 365 5
2071 ~2100
A2 143 399 35 471 35
CT47 AlB 173 29 382 29 453 30
B1 145 8 368 25 436 25
g 177 72y e 7 350 322 - & u i
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Fig. 7. Comparison Present Flow with Flow Estimated by Climate Change Scenarios at the Analysis Points
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Table 6. Seasonal Flow and Flow Variation at Nakbon E

Spring Summer Fall Winter
Nakbon E GCMs | Scenario
Q (cms) | AQ (%) |Q (cms) | AQ (%) |Q (cms) | AQ (%) |Q (cms) | AQ (%)
present 51 0 304 0 152 0 30 0
A2 75 46 345 14 258 70 32 7
CSMK AlB | 2011-2100 54 6 291 V-4 282 85 34 13
Bl 57 11 219 v-28 235 55 32 9
A2 119 132 404 33 173 14 32
CT47 AlB | 2011-2100 76 49 299 v-2 272 79 40 36
Bl 94 82 294 v-3 136 v-11 23 w-24
2011-2040 78 52 347 14 250 64 32 8
A2 2041-2070 70 36 350 15 27 78 36 21
2071-2100 77 50 338 11 253 66 27 v-9
2011-2040 51 V-1 306 1 305 100 37 25
CSMK AlB | 2041-2070 50 V-3 288 V-5 253 66 25 v-16
2071-2100 62 21 278 -8 287 89 39 31
2011-2040 48 v-7 213 v-30 229 50 29 v-2
Bl 2041-2070 62 21 219 w-28 220 45 31 5
2071-2100 61 19 224 V-26 257 69 37 25
2011-2040 | 122 137 395 30 167 10 26 v-12
A2 2041-2070 | 130 153 405 33 180 18 29 -2
2071-2100 | 106 106 413 36 172 13 40 35
2011-2040 80 56 321 6 278 83 40 35
CT47 AlB | 2041-2070 84 64 261 v-14 263 73 43 45
2071-2100 65 27 314 3 276 81 38 28
2011-2040 96 87 285 V-6 134 V-12 16 V-46
Bl 2041-2070 94 83 285 V-6 128 v-16 24 v-19
2071-2100 91 77 312 3 145 V-5 28 V-6
RemsE 7% 7kt 7P @ e Blvh 2ea 2011~204010] 78 cms® 52% 7kt 71g & ks
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Table 7. Seasonal Flow and Flow Variation at Nakbon |

Noitsom T s S Spring Summer Fall Winter
Q (cms) | AQ (%) |Q (cms) | AQ (%) |Q (ecms) | AQ (%) |Q (cms) | AQ (%)
Present 120 0 475 0 524 0 62 0
A2 108 v-10 575 21 541 3 65 4
CSMK Al1B | 2011-2100 128 7 624 31 608 16 71 15
Bl 129 7 512 8 491 V-6 70 12
A2 264 120 672 41 647 23 85 37
CT47 AlB | 2011-2100 179 49 649 37 596 14 83 33
Bl 187 56 535 13 388 V-26 87 41
2011-2040 105 v-13 556 17 552 5 63 2
A2 2041-2070 117 V-3 602 27 526 0 76 23
2071-2100 103 v-14 567 19 545 4 55 v-11
2011-2040 126 5 644 36 654 25 81 31
CSMK A1B | 2041-2070 109 -9 625 32 561 7 55 v-11
2071-2100 149 24 603 27 609 16 78 26
2011-2040 110 -8 488 3 510 V-3 63 2
Bl 2041-2070 143 19 495 480 -8 70 13
2071-2100 133 11 553 16 482 -8 76 23
2011-2040 | 259 116 656 38 642 23 79 27
A2 2041-2070 | 296 147 692 46 649 24 82 32
2071-2100 | 238 98 668 41 649 24 9 52
2011-2040 185 54 684 44 598 14 79 27
CT47 A1B | 2041-2070 198 65 582 23 577 10 88 42
2071-2100 154 28 681 43 614 17 81 31
2011-2040 150 25 521 10 380 v-27 76 23
Bl 2041-2070 | 200 67 552 16 393 w-25 9 52
2071-2100 | 210 75 532 12 390 V-26 92 48
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Table 8. Seasonal Flow and Flow Variation at Nakbon N

Nakbon N GCMs Scenario S Summer Fall Winter
Q (cms) | AQ (%) |Q (cms) | AQ (%) |Q (cms) | AQ (%) |Q (cms) | AQ (%)
Present 146 0 562 0 613 0 72 0
A2 130 Vv-11 903 61 663 8 75 4
CSMK AlB 2011-2100 155 6 927 65 522 Vv-15 83 15
B1 155 6 772 37 427 v-30 81 13
A2 217 49 1038 85 764 25 99 38
CT47 AlB 2011-2100 216 48 964 72 507 v-17 96 33
B1 198 36 894 59 539 Vv-12 101 40
2011-2040 127 V-13 670 19 647 6 73 1
A2 2041-2070 140 V-4 619 10 706 15 89 24
2071-2100 124 V-15 681 21 635 4 63 Vv-13
2011-2040 155 6 761 35 764 25 95 32
CSMK AlB 2041-2070 131 v-10 743 32 658 7 65 v-10
2071-2100 180 23 715 27 707 15 90 25
2011-2040 133 V-9 586 4 595 V-3 74 3
B1 2041-2070 173 18 589 5] 566 V-8 82 14
2071-2100 158 8 570 1 646 5 87 21
2011-2040 189 29 7 38 748 22 92 28
A2 2041-2070 242 66 824 47 7959 24 95 32
2071-2100 219 50 772 37 784 28 109 51
2011-2040 220 51 711 27 798 30 93 29
CT47 AlB 2041-2070 241 65 693 23 677 10 101 40
2071-2100 185 27 733 30 800 31 95 32
2011-2040 153 5 619 10 564 V-8 87 21
Bl 2041-2070 193 32 623 11 458 v-25 95 32
2071-2100 178 22 604 7 462 v-25 100 39
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