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Estimation of Annual Minimal Probable Precipitation Under

Climate Change in Major Cities
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ABSTRACT

On account of the increase in water demand and climate change, droughts are in great concern for water resources
planning and management. In this study, rainfall characteristics with stationary and non-stationary perspectives were
analyzed using Weibull distribution model with 40-year records of annual minimum rainfall depth collected in major
cities of Korea. As a result, the non-stationary minimum probable rainfall was expected to decrease, compared with
the stationary probable rainfall. The reliability of &, a variable reflecting the decrease of the minimum rainfall depth

due to climate change, in Wonju, Daegu, and Busan was over 90%, indicating the probability that the minimal rainfall

depths in those city decrease is high.

Key words: Drought, Weibull distribution, climate change, minimum probable rainfall depth
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Table 1. Location of Rain Gauge Stations

Station Code

Station Name

Location (degree)

Latitude | Longitude
105 Gangneung 37° 7% 128° 88
108 Seoul 37° 57 126° 95’
112 Incheon 37° 48 126° 62
114 Wonju 37° 200 127° 56
133 Daejeun 36° 59’ 127° 22
143 Daegu 35° 53 128° 37
152 Ulsan 35° 33’ 129° 19’
156 Gwangju 35° 10° 126° 53’
159 Busan 35" 06’ 129° 01

4
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Fig. 1. Spatial Distribution of Rainfall Data Obtained in This = =
Study. 7F Elof o]& 4] (1)¢] Weibull E3zof #83tH o}
Table 2. Parameter Estimates of Stationary and Non-stationary Weibull Distribution for 90 Days Minimum Rainfall
parameter Non-stationary Estimation Stationary Estimation
city o 2! B o) B
Seoul 50.313 -0.255 2.68 45.503 2.64
Gangneung 94.626 -0.512 2.516 85.021 2.517
Incheon 45.063 -0.229 2.404 40.744 2.389
Wonju 57.591 -0.458 3.014 48.973 2.832
Daejeun 68.394 -0.32 2.996 62.324 2.913
Daegu 47.16 -0.454 1.933 38.466 1.834
Ulsan 71.101 -0.559 1.779 60.468 1.746
Gwangju 80.059 -0.193 3.671 76.366 3.62
Busan 76.081 -0.679 2.139 63.313 2.035
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Table 3. Comparison between Stationary and Non-stationary Probable Rainfall by Weibull Distribution

Minimum Rainfall Depths (mm) by Weibull Distribution with Change of Return Periods

Seoul Gangneung Incheon
Return Non- Non- Non-
Period (yr)| Stationary . Increment | Stationary . Increment | Stationary . Increment
stationary stationary stationary
5 25.78 23.48 -2.30 46.85 40.85 -6.00 21.75 19.24 -2.51
10 19.40 17.96 -1.44 34.77 30.31 -4.46 15.88 14.08 -1.80
20 14.77 13.89 -0.89 26.12 22.77 -3.35 11.75 10.44 -1.32
30 12.63 11.98 -0.65 22.16 19.32 -2.84 9.88 8.78 -1.10
50 10.38 9.96 -0.42 18.04 15.72 -2.32 7.96 7.08 -0.87
R Non- o Now
Period (yr)| Stationary . Increment | Stationary . Increment | Stationary . Increment
stationary stationary stationary
5 28.84 23.87 -4.96 37.24 33.70 -3.54 16.98 13.35 -3.63
10 22.12 18.61 -3.51 28.78 26.23 -2.55 11.28 9.05 -2.22
20 17.16 14.66 -2.50 22.48 20.63 -1.85 7.62 6.24 -1.38
30 14.82 12.78 -2.05 19.50 17.97 -1.54 6.08 5.04 -1.04
50 12.35 10.76 -1.59 16.33 15.12 -1.21 4.58 3.85 -0.73
e o e
Period (yr)| Stationary . Increment | Stationary . Increment | Stationary . Increment
stationary stationary stationary
5 25.61 20.98 -4.64 50.46 48.08 -2.38 30.30 24.26 -6.03
10 16.66 13.76 -2.91 41.01 39.19 -1.83 20.95 17.08 -3.87
20 11.03 9.18 -1.85 33.62 32.21 -1.41 14.71 12.20 -2.51
30 8.70 7.27 -1.43 29.98 28.77 -1.21 12.00 10.05 -1.95
50 6.47 5.44 -1.03 25.99 24.99 -1.00 9.31 7.89 -1.41
3.5 Model parameter o, 2| AZ|E £A SRR
o fo] St A2 7RE) AETE Al wet o o= (10*1)“ ®)
AstEe olujgithe AL oF oA omortt. 3
AT ag0] Soet HA Ghom Hageee] gag RS B2 9 o) fizgRoln of
7 « St W43 FEZHXE Table 4
shgo] 100%3 ool opn R B Mol At ofep 7wl S anel R B kS °
L o A S-=
o a7k B4 HE Z 0,0 S5 Fe et g HHHAT E QTS o] B2 SEl 7
Ao § ®7|z sk wo] S7RtE 8] AFAdS vetdth= ojnle
7 L] BAl B FEHAS ool 7hol Al ap <08 FES 4l1Z] E(Reliability) 2} 4 2}t
SEF4e] 27 RO o|Rold FHAYL I,%
. Table 4. Uncertainty and Reliability of o
P 4 ek
Gt Weibull Distribution
i
v Mean | Standard Deviation | Reliability
2 2 2
0 0 2] -
o oo, opda, Gangneung | -0.512 0.605 80.1%
2
7 Y o* o Incheon | -0.229 0.257 81.4%
- 2
’ o0y dapdy Wonju | -0.458 0.224 98.0%
. 9 _0(0) Daejeun | -0.32 0.264 88.7%
[e]
5051 Daegu -0.454 0.265 95.7%
. o e . Ulsan -0.559 0.487 87.4%
2 o 3
(0)= A (59 logPEgs5 ulstal o= 5H Gwangju | -0.193 0.283 75.2%
Z} w7} 4=2] covariance o;; 7} TR A (8)1} o] Busan | -0.679 0.381 96.3%
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