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Analysis of Baseflow using Future Land Use and Climate Change Scenario
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Abstract

Since the baseflow, which constitutes most of the river flow in the dry season, plays an important role in the solution of river runoff and drought,
it is important to accurately evaluate the characteristics of the baseflow for river management. In this study, land use change was evaluated through
time series data of land use, and then baseflow characteristics were analyzed by considering climate change and land use change using climate change
scenarios. The results showed that the contribution of baseflow of scenarios considering both climate change and land use change was lower than that
of scenarios considering only climate change for yearly and seasonal analysis. This implies that land use changes as well as climate changes affect
base runoff. Thus, if we study the watershed in which the land use is occurring rapidly in the future, it is considered that the study should be carried
out considering both land use change and climate change. The results of this study can be used as basic data for studying the baseflow characteristics
in the Gapcheon watershed considering various land use changes and climate change in the future.
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Table 1 Changes in Land use for this study area
1990 2000 2010 Temporal
Land use type Area Percent Area Percent Area Percent Change in Area
(km?) (%) (km?) (%) (km?) (%) (km®)
Urban 59.17 9.13 96.30 14.86 98.73 15.24 +39.56
Agriculture 123.7 19.10 114,77 17.72 87.44 13.50 —36.26
Forest 409.31 63.18 383.87 59.26 378.82 58,48 -30.49
Pasture 36.37 5.61 23.11 3.57 47.62 7.35 +11.25
Wetland 0.00 0.00 3.57 0.55 8.09 1.24 +8.09
Bareland 18.28 2.82 19.58 3.02 19,86 3.07 +1.58
Water 0.97 0.15 6.60 1.02 7.24 112 +6.27
Total 647.80 100 647.80 100 647.80 100 0.00
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Fig. 3 Monthly averaged temperature and precipitation in Daejeon weather station
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Table 2 Evaluation Index (W.Me et al., 2015)
Unsatisfactory | Satisfactory Good Very good
R 0.5 0.5-0.6 0.6-0.7 0.7-1
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Table 3 SWAT-CUP Parameters

Parameter Description Variation Method Fitted Value |Parameter Range
ALPHA_BF Baseflow recession constant Replace by Value 0.2237 0-10
CH_K2 (E::aes::famdv:iﬂ'c conductivity in main Replace by Value 64.6203 0.01 — 150
CH_N2 Manning’s “n” value for main channel Replace by Value 0.0270 0.01 = 0.3
SOL_AWC Available water capacity Multiple by Value 0.7845 0-10
GW_REVAP Revap coefficient Replace by Value 0.0805 0.02 - 0.2
GW_DELAY Delay time for aquifer recharge Replace by Value 70.6750 0 — 500
GWQMN ;hrrisahs‘zd“:jter level in shallow aquifer Replace by Value 1,388.1 0 - 5,000
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Fig. 4 Simulation of Land use changes in 2010, 2020, 2030 and
2040 using CLUE-S
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Table 5 Changes in 7 Land use Classes in 2010, 2020, 2030, and 2040 years
Land Use (km?)
Year
Urban Agriculture Forest Pasture Wetland Bareland Water
2010 98,73 87.44 378.82 47.62 8.09 19.86 7.24
(15.24 %) (13.50 %) (58.48 %) (7.35 %) (1.25 %) (3.06 %) (1.12 %)
2020 101.21 59.97 374,23 72.07 12.63 20.04 7.65
(15.62 %) (9.26 %) (57.77 %) (11.13 %) (1.95 %) (3.09 %) (1.18 %)
2030 103.64 32,74 369.17 96.63 17.05 20.30 8.27
(16.00 %) (5.05 %) (56.99 %) (14,92 %) (2.63 %) (3.13 %) (1.28 %)
2040 106.05 5.36 364.11 121.25 2157 20.57 8.89
(16.37 %) (0.83 %) (56.21 %) (18.72 %) (3.33 %) (3.17 %) (1.37 %)
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(2020s), 203041 ~2039 (2030s), 20401 ~2049% (2040s) &
3749] F\zkos TSk} m7|zte] e A o 5%
E48 vl B39t} Table 62 SWAT B& o g molstH

FAtES PR BAR 418 HojEr) 2020s 9] &4+
7= AU L 1of] H]g AUt @ 204 o W fEES
Uet ow, 471, B, Ag7], AgrlollA e Alde e

27, ©A|, 220, UR] eos ZhF 2.78%, 1.51%, 0.35%,

lo] A Ao o We %S tepdich Eg, 203059
0.15%9] 27182 R THTable 5).
Table 6 Analysis of Flow Duration Curve for Scenario 1 and 2
Scenario 1 Scenario 2

Avg. Max Min Avg. Max Min
(m®/s) (m*/s) (m*/s) (m®/s) (m*/s) (m*/s)
High—Flow 1131 1,235.0 42 4 114.6 1,258.0 423
Moist—conditions 214 42.3 12.3 21.0 423 12.0
2020s Mid—range—Flow 10.4 12.3 85 10.1 12.0 8.2
Dry—conditions 6.1 85 3.8 58 8.1 3.7
Low—Flow 2.8 3.8 17 2.7 3.6 1.6
High—Flow 124.0 1,316.0 38.8 125.1 1,333.0 38.1
Moist—conditions 20.6 385 1.7 19.8 381 1.4
2030s Mid-range—Flow 9.9 1.7 8.3 9.7 1.4 8.1
Dry—conditions 6.2 8.3 4.0 6.0 8.1 3.9
Low—Flow 3.0 4.0 1.8 2.9 3.8 17
High—Flow 161.3 1,731.0 7.9 161.1 1,743.0 70.9
Moist—conditions 31.6 7.9 16.4 31.2 70.7 15.9
2040s Mid—range—Flow 13.8 16.4 1.5 13.4 15.9 1.3
Dry—conditions 8.6 15 57 8.4 1.3 5.6
Low—Flow 41 5.7 1.8 4.0 5.6 1.8
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Table 7 Comparison of annual precipitation and baseflow for scenario 1 and 2 (pcp=precipitation)

op Scenario 1 Scenario 2
Year Streamflow Baseflow Streamflow Baseflow
(mm) A g B BFI 5c 5.8 BFI
(10°m*/yr) (10°m*/yr) (10°m*/yr) (10°m*/yr)
2020 1,015.7 403.6 288.4 0.715 396.9 280.3 0.706
2021 1,934 1 876.3 564.2 0.644 8715 553.9 0.636
2022 1,602.2 777.2 513.2 0.660 773.5 504.6 0.652
2023 937.2 369.2 273.3 0.740 363.6 266.4 0.733
2024 1,109.4 515.2 341.0 0.662 5111 333.3 0.652
2020s 2025 1,029.9 4147 297.3 0.7117 410.7 2915 0.710
2026 1,363.4 592.2 377.1 0.637 587.4 367.8 0.626
2027 1,672.4 753.5 505.2 0.670 749.0 496.1 0.662
2028 2,153.3 1,089.8 694.0 0.637 1,086.9 683.5 0.629
2029 2,037.6 1,021.9 673.7 0.659 1,016.0 658.5 0.648
Avg. 1,475.5 681.4 4527 0.664 676.7 4436 0.656
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e Scenario 1 Scenario 2
Year Streamflow Baseflow Streamflow Baseflow
(mm) 5.c " BFI 5 5.8 BFI
(10°m®/yr) (10°m®/yr) (10°m®/yr) (10°m®/yr)
2030 1,794.9 9351 621.2 0.664 931.9 612.5 0.657
2031 2,218.3 1,219.7 731.8 0.600 1,214.3 715.8 0.589
2032 1,087.8 492.8 348.3 0.707 486.8 341.1 0.701
2033 896.4 362.3 255.3 0.705 356.7 246.7 0.692
2034 1,363.0 602.5 4149 0.689 596.6 407.8 0.684
2030s 2035 1,122.4 466.8 320.1 0.686 461.2 311.9 0.676
2036 1,366.4 599.6 397.9 0.664 593.8 388.3 0.654
2037 1,008.3 397.6 289.1 0.727 391.6 281.8 0.720
2038 1,047.9 436.2 3125 0.716 430.9 306.3 0.711
2039 2,647.8 1,511.5 879.6 0.582 1,509.1 865.9 0.574
Avg, 1,455.3 702.4 457.1 0.651 697.3 447.8 0.642
2040 2,089.6 1,099.9 7119 0.647 1,091.8 697.0 0.638
2041 1,614.7 804.8 531.0 0.660 798.3 5247 0.657
2042 2,869.3 1,582.9 1,040.0 0.657 1,581.1 1028.6 0.651
2043 1,834.0 848.3 585.0 0.690 840.3 576.7 0.686
2044 1,816.0 908.8 618.3 0.680 904.4 610.6 0.675
2040s 2045 2,986.1 1,682.3 936.2 0.556 1,678.6 919.4 0.548
2046 1,385.2 642.8 4542 0.707 635.1 4456 0.702
2047 1,346.9 601.8 418.2 0.695 5955 4115 0.691
2048 1,225.2 546.9 3817 0.698 541.5 373.1 0.689
2049 1,805.0 897.0 589.4 0.657 891.8 579.3 0.650
Avg, 1,897.2 961.6 626.6 0.652 955.8 616.6 0.645
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Table 8 Comparison of seasonal precipitation and baseflow for scenario 1 and 2

Scenario 1 Scenario 2
Season Month (Fr)nCn:)) Streamflow Baseflow BFI Streamflow Baseflow BFI
(10°m%/mon) | (10°m®/mon) (10°m3/mon) | (10°m®/mon)
3 46.4 16.6 12.2 0.735 16.4 12.0 0.728
spring 4 133.6 4.4 24.4 0.589 1.4 24.2 0.583
5 91.3 37.4 28.3 0.758 37.1 27.9 0.752
6 2547 7T 374 0.481 78.7 37.4 0.475
summer 7 2458 108.5 70.7 0.652 108.3 69.6 0.643
20205 8 382.1 168.5 94.4 0.560 169.7 93.6 0.551
9 1472 102.2 75.1 0.735 100.6 73.3 0.728
autumn 10 63.0 45,6 38.4 0.842 441 36.8 0.834
1 40.1 29.5 257 0.873 28.3 24,6 0.87
12 23.1 245 21.1 0.863 23.5 20.3 0.864
winter 1 19.3 16.1 14.0 0.867 15.5 13.4 0.865
2 28.9 13.5 1.0 0.817 13.2 10.7 0.812
3 452 20.7 16.4 0.794 20.3 16.0 0.791
spring 4 83.7 26.8 18.9 0.706 26.4 18.6 0.705
5 841 291 21.2 0.730 28.9 20.9 0.723
6 277.6 93.8 429 0.458 947 42.6 0.450
summer 7 180.8 914 63.3 0.692 90.4 61.9 0.685
8 456.1 209.3 108.6 0.519 210.9 107.9 0.512
2030s
9 125.0 91.9 69.4 0.755 90.2 67.4 0.747
autumn 10 60.2 413 35.0 0.848 40.0 33.7 0.841
1 40.3 33.3 28.7 0.863 322 27.8 0.861
12 16.7 227 20.8 0.915 21.8 20.0 0.916
winter 1 42.6 215 15.9 0.740 21.3 15.5 0.729
2 429 20.7 15.9 0.769 201 15.5 0.769
3 375 19.7 16.5 0.839 19.3 16.2 0.838
spring 4 131.6 447 26.7 0.598 445 26.5 0.595
5 136.3 53.7 37.7 0.702 53.2 36.9 0.694
6 375.4 133.4 61.3 0.459 134.7 60.8 0.451
summer 7 306.3 165.1 112.8 0.683 163.3 110.9 0.679
8 556.1 237.8 11.8 0.470 240.0 11.3 0.464
2040s
9 126.6 122.0 104.9 0.860 119.8 102.8 0.858
autumn 10 742 59.9 497 0.830 58.7 48.5 0.826
1 53.9 431 36.5 0.845 42.0 35.5 0.846
12 27.0 30.5 27.3 0.896 29.8 26.7 0.896
winter 1 38.8 30.1 23.5 0.780 29.6 23.0 0.778
2 33.3 21.5 18.0 0.836 211 17.6 0.836
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