Journal of the Korean Society of Agricultural Engineers
Vol. 52, No. 4, pp. 83~91, July, 2010

LARS-WG A3}t 71 )& 283 v 7
- SEue 87 B2 E o R -
Projection and Analysis of Future Temperature and Precipitation using LARS-WG Downscaling Technique
- For 8 Meteorological Stations of South Korea -

AR - - 237 - - ARE!
Shin, Hyung-Jin - Park, Min-Ji - Joh, Hyung-Kyung - Park, Geun-Ae - Kim, Seong-Joon

ahl A ahze”

ABSTRACT

Generally, the GCM (General Circulation Model) data by IPCC climate change scenarios are used for future weather prediction.
IPCC GCM models predict well for the continental scale, but is not good for the regional scale. This paper tried to generate future
temperature and precipitation of 8 scattered meteorological stations in South Korea by using the MIROC3.2 hires GCM data and
applying LARS-WG downscaling method. The MIROC3.2 AIB scenario data were adopted because it has the similar pattern
comparing with the observed data (1977-2006) among the scenarios. The results showed that both the future precipitation and
temperature increased. The 2080s annual temperature increased 3.8~5.0 “C. Especially the future temperature increased up to 4.5~
7.8 T in winter period (December-February). The future annual precipitation of 2020s, 2050s, and 2080s increased 17.5 %, 27.5 %,
and 39.0 % respectively. From the trend analysis for the future projected results, the above middle region of South Korea showed a
statistical significance for winter precipitation and south region for summer rainfall.
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Fig. 1 Study station
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Table 1 The procedures used in LARS-WG to generate each weather variable (Sermenov et al., 1998)
Weather variable Description
Definition of wet day Precipitation > 0.0 mm
Precipitation status Determine of precipitation status for | Lengths of alternate wet and dry sequences chosen from a semiempirical distribution fitted to the
a given day observed series. Separate parameters are calculated for each month.
o Daily distribution Semi-empirical distribution
Precipitation
Parameters Separate parameters are calculated for each month
Parameters The mean and standard deviation of the normal vary daily. These parameters are obtained by fitting
Fourier series to the means and standard deviations of the observed data throughout the year.
Minimum & Maximum Daﬂy distribution Normal distribution.
temperature Correlation Constant lag 1 auto-correlation. Pre-set ross-correlation between maximum and minimum
temperature.
Conditioned on precipitation status? | Yes. Separate Fourier series are fitted for wet and dry days.

Table 2 Information for study station (Annual 30year: 1977 ~ 2006)

Station Lat Long Precipitation (mm)| Evaporation (mm) | Temperature (‘C)| Humidity (%) Sunhour (hr) | Wind speed (m/s)
Chuncheon 37°54' 127°44' 1,343.5 2.8 11.0 71.3 5.9 1.3
Suwon 37°16' 126°59' 1,295.5 3.0 11.9 69.8 5.9 L7
Seosan 36°46' 126°29' 1,269.9 2.9 11.8 744 6.0 2.3
Cheongju 36°38' 127°26' 1,258.9 3.0 124 68.2 6.1 1.8
Pohang 36°01" 129°22' 1,172.9 3.4 14.1 63.5 6.1 2.8
Jeonju 35°49' 127°09' 1,320.5 2.9 13.2 69.9 5.7 1.5
Yeosu 34°44' 127°44' 1,456.0 3.7 14.3 66.7 6.4 4.0
Jinju 35°09' 128°02' 1,518.9 3.0 13.1 70.7 6.0 L7
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Table 3 Summary of the bias—correction factor

Scenarios MIROC3.2 A1B
Bias correction factor Temperature (C) Precipitation
Chuncheon -1.21 0.97
Suwon -1.63 1.06
Seosan -1.72 1.04
Cheongju -1.19 0.94
Pohang 0.58 0.86
Jeonju -1.24 1.07
Yeosu -1.28 1.09
Jinju -2.40 1.14
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Fig. 2 The results of precipitation bias—correction (Suwon station)
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Fig. 3 The future adjusted and downscaled temperature and precipitation scenarios by LARS-WG downscaling method
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after correcting the GCM data using 30 years historical data (P. : Precipitation (mm), T. : Temperature (C))
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Table 4 Summary of the future predicted in annual and seasonal average for precipitation and temperature

Temperature (C)

Precipitation (mm,[%])

Station Period - -
baseline 2020s 2050s 2080s baseline 2020s 2050s 2080s
spring 10.2 11.3 12.6 13.9 209.0 311.0 [48.8] 310.7 [48.7] 341.0 [63.2]
summer 23.7 24.0 25.6 26.7 720.8 8452 [17.3] 848.2 [17.7] 959.2 [33.1]
Chuncheon autumn 13.6 14.5 16.3 17.6 269.6 266.7 [-1.1] 333.0 [23.5] 373.6 [38.6]
winter -2.3 0.9 2.7 4.0 67.1 90.2 [34.4] 122.8 [83.0] 118.7 [76.9]
annual 11.3 12.7 14.3 15.6 1,266.5 1,513.1 [19.5] 1,614.8 [27.5] 1,792.4 [41.5]
spring 10.8 10.3 114 12.8 217.8 284.6 [30.7] 350.2 [60.8] 341.6 [56.8]
summer 23.8 23.4 24.8 26.2 7417 868.0 [17.0] 905.8 [22.1] 969.3 [30.71
Suwon autumn 13.2 17.0 18.9 20.1 236.8 303.0 [28.0] 3135 [32.4] 355.4 [50.1]
winter -15 4.3 5.9 7.2 71.6 90.3 [26.1] 93.5 [30.5] 96.0 [34.1]
annual 11.6 13.8 15.3 16.6 1267.9 1545.9 [21.9] 1663.0 [31.2] 1762.3 [39.0]
spring 10.1 9.7 11.1 12.3 230.0 360.9 [56.9] 342.6 [49.0] 399.4 [73.7]
summer 23.7 22.8 24.4 25.6 596.8 7084 [18.7] 686.6 [15.0] 807.6 [35.31
Seosan autumn 150 16.7 185 19.7 309.3 2785 [-10.0] 354.8 [14.7] 405.9 [31.2]
winter 0.0 3.8 5.4 6.6 95.9 1315 [37.1] 132.0 [37.6] 160.6 [67.5]
annual 12.2 13.3 14.9 16.1 1,231.9 1,479.3 [20.1] 1,516.0 [23.1] 1,773.5 [44.0]
spring 11.1 11.7 13.0 14.2 215.3 268.1 [24.5] 309.0 [43.5] 323.2 [50.1]
summer 24.5 24.0 25.5 26.7 652.8 796.8 [22.1] 814.4 [24.8] 889.3 [36.2]
Cheongju autumn 14.7 15.9 17.7 18.9 272.4 291.7 [7.1] 3004 [10.3] 334.3 [22.7]
winter -0.7 3.5 5.2 6.4 84.5 103.6 [22.6] 119.9 [41.9] 146.1 [72.9]
annual 12.4 13.8 15.3 16.6 1,225.0 1,460.2 [19.2] 1,543.8 [26.01 1,692.9 [38.2]
spring 12.5 14.3 15.5 16.6 222.6 300.1 [34.8] 3282 [47.4] 353.8 [58.9]
summer 23.9 25.4 26.8 28.0 493.7 581.8 [17.8] 680.6 [37.9] 733.0 [48.5]
Pohang autumn 16.9 16.9 18.6 19.9 294.3 2854 [-3.0] 291.5 [-1.0] 3534 [20.1]
winter 35 5.3 6.9 8.0 109.7 172.1 [56.9] 182.5 [66.4] 193.1 [76.01
annual 14.2 155 17.0 18.1 1,120.3 1,339.4 [19.6] 1,482.8 [32.4] 1,633.3 [45.8]
spring 11.8 114 12.8 14.0 231.7 289.2 [21.7] 340.5 [43.2] 342.6 [44.1]
summer 24.9 23.5 25.1 26.3 649.8 759.8 [16.9] 829.6 [27.7] 815.4 [25.5]
Jeonju autumn 16.0 18.0 19.8 21.0 292.2 315.0 [7.8] 302.6 [3.6] 353.3 [20.9]
winter 1.2 6.0 75 8.7 106.9 138.0 [29.1] 1559 [45.8] 152.8 [42.9]
annual 13.5 14.7 16.3 17.5 1,286.6 1,502.0 [16.7] 1,628.6 [26.6] 1,664.1 [29.3]
spring 12.3 13.2 144 15.7 346.2 398.1 [15.0] 409.2 [18.2] 460.4 [33.0]
summer 23.7 23.5 24.9 26.2 700.7 753.1 [7.5] 882.2 [25.9] 953.4 [36.1]
Yeosu autumn 17.7 18.2 19.9 211 269.8 3283 [21.7] 3004 [11.3] 330.9 [22.6]
winter 4.0 75 8.9 10.1 90.9 120.5 [32.6] 145.3 [59.8] 156.6 [72.3]
annual 14.4 15.6 17.0 18.3 1,407.6 1,600.0 [13.7] 1,737.1 [23.4] 1,901.3 [35.1]
spring 11.8 12.0 13.2 14.5 339.4 446.8 [31.6] 512.9 [51.1] 505.3 [48.9]
summer 24.2 22.7 24.2 254 758.8 7774 12.5] 933.0 [23.0] 1085.9 [43.1]
Jinju autumn 15.9 17.2 18.8 20.0 293.7 2986 [1.7] 351.6 [19.7] 357.9 [21.9]
winter 2.0 6.6 8.0 9.2 98.1 130.1 [32.6] 141.1 [43.8] 140.3 [43.0]
annual 135 14.6 16.0 17.3 1,490.0 1,652.9 [10.9] 1,938.5 [30.1] 2,089.4 140.2]
Total Average 12.9 14.2 15.7 17.0 1287.0 1511.6 [17.5] 1640.6 [27.5] 1788.7 39.01
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Table 5 Results of test for the trend in seasonal average for precipitation and temperature

Soat et Precipitation (mm) T Temperature (*C)
ation es est
Spring Summer Autumn Winter Spring Summer Autumn Winter
Kendall - - A A Kendall A A A A
Chuncheon - -
Hotelling - - A A Hotelling A A A A
Kendall A - A - Kendall A A A A
Suwon - -
Hotelling A A A - Hotelling A A A A
Kendall - - A A Kendall A A A A
Seosan - -
Hotelling - - A A Hotelling A A A A
. Kendall A - - A Kendall A A A N
Cheongju - -
Hotelling A - - A Hotelling A A A A
Kendall - A - - Kendall A A A A
Pohang - -
Hotelling - - - - Hotelling A A A A
) Kendall - - - - Kendall A A A A
Jeonju - -
Hotelling - - - - Hotelling A A A A
Kendall - A - - Kendall A A A A
Yeosu - -
Hotelling - A - - Hotelling A A A A
I Kendall - A - - Kendall A A A N
inju
Hotelling - A - - Hotelling A A A A
- No trend, 2 Upward trend, ¥ : Downward trend
Spring: March - May, Summer: June - August, Fall: September-November, Winter: December - February
v.d = T AAGARES] el 7129 A A A =9
A9 AE PEa BE Zlels 75, e eyl 742
% 2 o AP 2 . -
A AFA B AR A7)7F SUAE AR vl A Ao 243} ARl AL 71Tt AL 7ol 2 24 E
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a2 100E (2009~ 21009) ¥ 7WHAEE Bkl ol 30
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