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Analysis for Precipitation Trend and Elasticity of Precipitation-Streamflow
According to Climate Changes

ZERAL* - MBI

Shon, Tae Seok - Shin, Hyun Suk

Abstract

Climate changes affect greatly natural ecosystem, human social and economic system acting on constituting the climate sys-
tem such as air, ocean, life, glacier and land, etc. and estimating the current impact of climate change would be the most impor-
tant thing to adapt to the climate changes. This study set the target area to Nakdong river watershed and investigated the impact
of climate changes through analyzing precipitation tendency, and to understand the impact of climate changes on hydrological
elements, analyzed elasticity of precipitation-streamflow. For the analysis of precipitation trend, collecting the precipitation data
of the National Weather Service from major points of Nakdong river watershed, resampling them at the units of year, season
and month, used as the data of precipitation trend analysis. To analyze precipitation-streamflow elasticity, collecting area aver-
age precipitation and long-term streamflow data provided by WAMIS, annual and seasonal time-series were analyzed. In addi-
tion, The results of this study and elasticity, and other abroad study compared with the elasticity analysis and the validity of this
study was verified. Results of this study will be able to be utilized for study on a plan to increase of flood control ability of
flooding constructs caused by the increase of streamflow around Nakdong river watershed due to climate changes and on a
plan of adapting to water environment according to climate changes.

Keywords : precipitation, streamflow, trend, elasticity, climate change
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Table 1. Composition of Nakdong river

River name Area(km?) Length(km) Legal river(km)
Nation Local Total
Total (2233,2’36157735 - 829.5 6,630.7 7,460.2
Main stream 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 71.4 412 29.0 70.2
Kumbho river 2,086.7 116.0 71.8 71.8
Whe river 780.3 70.4 263 26.3
Hwang river 1,328.2 111.0 78.8 28.0 106.8
Nam river 3,466.1 186.3 145.4 40.0 185.4
Milyang river 1,425.6 96.2 332 332
Yangsan river 232.9 31.4 10.0 16.0 26.0
Etc. - - 21.4 6,075.5 6,096.9

*Korean river index (1991, Ministry of land, transport and maritime affairs)

_ 498 — KA



Table 2. Observatory and data period of precipitation trend analysis

Point Name No. Latitude Longitude Data Period
Andong 136 36-34 128-42 1973.1.1~2008.12.31
Pohang 138 36-02 129-23 1949.1.1~2008.12.31
Daegu 143 35-53 128-37 1909.1.1~2008.12.31
Ulsan 152 35-33 129-19 1946.1.1~2008.12.31
Pusan 159 35-06 129-02 1905.1.1~2008.12.31
Tongyoung 162 34-51 128-26 1968.1.1~2008.12.31

*Korea Meteorological Administration

Table 3. Observatory and data period of precipitation-streamflow elasticity analysis

Point Name No. Latitude Longitude Data Period
Andongdam 200111 36-52-49 129-00-12 1966.1.1~2005.12.31
Imhadam 200211 36-26-24 129-01-57 1966.1.1~2005.12.31
Nakdong 200901 36-21-07 128-18-09 1966.1.1~2005.12.31
Waegwan 201103 35-59-50 128-23-47 1966.1.1~2005.12.31
Goryunggyo 201402 35-44-59 128-23-21 1966.1.1~2005.12.31
Hapcheondam 201508 35-42-44 127-55-40 1966.1.1~2005.12.31
Jindong 202001 35-22-49 128-29-09 1966.1.1~2005.12.31
Namgangdam 201910 35-25-05 127-52-28 1966.1.1~2005.12.31
Nakdongriver estuary 202208 35-12-11 128-59-34 1966.1.1~2005.12.31

*National Water Resources Management Information System
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Table 4. Range of elasticity value in major climate zones

Climate Zone Number of Medign. of Range .of
Catchments| Elasticity | Elasticity
Tropical(A) 79 1.7 0.8~3.1
Very wet(Af, Am) 20 1.2 0.8~1.9
Moderately wet(Aw) 59 2.0 0.9~3.3
Arid(B) 45 1.8 0.4~2.9
Cold arid(BWk, BSk) 32 1.6 0.4~3.1
Warm arid(BWh, BSh) 13 2.0 0.5~2.5
Temperate(C) 262 1.9 0.9~3.1
Wet winter(Csa, Csb, Csc) 32 2.0 0.9~34
Wet summer(Cwa, Cwb, Cwc 35 1.8 0.8~2.8
No seasonality(Cfa, Cfb, Cfc) 195 1.9 1.0~3.1
Cold(D) 136 1.1 0.5~1.9
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Table 5. Result of precipitation trend analysis in year, season and month
Point Year : Season . Month
Spring |Summer| Fall | Winter | 1 2 3 4 5 6 7 8 9 |10 | 11 | 12
Andong 4 4 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Pohang 2 4 1 4 3 4 4 4 4 4 4 4 1 4 4 3 4
Daegu 4 4 2 4 4 4 4 4 4 4 4 4 1 4 4 4 4
Ulsan 4 4 3 4 4 4 4 4 4 4 4 4 2 4 4 3 2
Busan 4 3 4 4 4 4 3 4 4 2 4 4 2 4 4 4 4
Tongyoung 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
© 22AR9) 07828 YeRIL 1Ko FdEE 27160 fe A9 A, AW, 9 A $HEAE Table 6]
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Table 6. Result of precipitation sen-test slope analysis in year, season and month

Point Year Season
Spring Summer Fall Winter
Andong 7.150 -0.256 6.229 -0.507 -0.455
Pohang 3.381 0.335 3.055 -0.253 -0.191
Daegu 1.598 0.200 1.599 -0.239 -0.074
Ulsan 0.872 -0.283 2.528 -0.960 -0.511
Busan 1.366 0.666 1.113 -0.318 -0.095
Tongyoung 1.931 0.108 2.890 -1.331 -0.393
Mean 2.716 0.128 2.902 -0.601 -0.287
S.D. 2332 0.362 1.796 0.448 0.190
SK. 1.817 0.242 1.492 -1.073 0.008
. Month
Point
1 2 3 4 5 6 7 8 9 10 11 12
Andong 0227 | -0.429 | -0.227 | -0.920 0.112 1.137 1.200 2.529 0.938 | -0.691 | -0.380 | -0.040
Pohang 0.218 | -0.246 0.026 | -0.063 0.381 0.971 0.655 1.585 0.884 | -0.376 | -0.529 | -0.220
Daegu -0.013 0.022 0.131 | -0.100 0.128 0.228 0.090 0.870 | -0.257 | -0.054 | -0.044 | -0.031
Ulsan 0.163 -0.15 | -0.212 | -0.256 | -0.027 0.650 0.765 1.617 | 0412 | -0.204 | -0.361 | -0.278
Busan -0.167 0.144 0.155 0.012 0.498 0.130 | -0.045 1.028 | -0.237 | -0.173 0.093 | -0.072
Tongyoung | -0.016 | -0.067 | -0.007 | -1.207 1.078 1.437 0.409 0.233 | -0.640 | -0.098 | -0.541 | -0.307
Mean 0.069 | -0.121 | -0.022 | -0.422 0.362 0.759 0.512 1.310 0.046 | -0.266 | -0.294 | -0.158
S.D. 0.159 0.202 0.165 0.512 0.400 0.517 0.460 0.786 0.686 0.236 0.261 0.125
SK. -0.459 | -0.344 | -0.411 | -0.981 1.327 | -0.052 0.292 0.310 0.772 | -1.434 0.748 | -0.146
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Fig. 3 Result of precipitation trend analysis in year and season (Trend presence O, Trend absence X)
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Fig. 4 Result of precipitation sen-test slope analysis in year and season (Upward trend: A, Downward trend: ¥, No trend: X)

Table 7. Result of precipitation-streamflow elasticity analysis

Point Year Season
Spring Summer Fall Winter
Andongdam 1.555 1.272 1.604 1.281 0.848
Upper Imhadam 1.800 1.575 1.700 1.398 1.144
reach Nakdong 1.782 1.776 1.722 1.187 0.867
Mean 1.712 1.541 1.675 1.289 0.953
Waegwan 1.759 1.756 1.768 1.181 1.02
Middle Goryunggyo 1.777 1.823 1.626 1.291 0.986
reach Hapcheondam 1.490 1.257 1.370 1.116 0.336
Mean 1.675 1.612 1.588 1.196 0.781
Jindong 1.685 1.764 1.541 1.416 0.958
Lower Namriverdam 1.471 1.342 1.297 1.409 1.142
reach Nakdongriverestuary 1.676 1.565 1.386 1.082 0.887
Mean 1.611 1.557 1.408 1.302 0.996
Mean 1.666 1.570 1.557 1.262 0.910
S.D. 0.130 0.228 0.170 0.128 0.241
SK. -0.602 -0.409 -0.391 -0.050 -1.861
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Fig. 5 Spatial distribution of precipitation-streamflow elasticity in Nakdong river watershed
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