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Abstract

In this study, monthly and annual aridity indices which are the ratios of precipitation to potential
evapotranspiration in Seoul climate measurement station were analyzed for past 50 years (1961 ~2010), and
the ratio of aridity index simulated by climate change scenarios (RCP 4.5 and 8.5) for each future period
(2011 ~2040, 2041 ~2070, 2071~2100) to aridity index for the past period (1971 ~2000) was analyzed.
Furthermore, 5 different potential evapotranspiration equations (FAO P-M, Penman, Makkink, Priestley—
Taylor, Hargreaves) were applied to analyze the effect of potential evapotranspiration equation on
estimating aridity index and aridity index variation ratio (26). The study results indicate that the monthly
precipitation, average temperature and potential evapotranspiration were increased in each future period as
compared to past period for both RCP 4.5 and RCP 85. Furthermore, winter period showed more signi—
ficant increase of potential evapotranspiration than summer period, but aridity index showed different
patterns as compared with potential evapotranspiration reflecting the influence of precipitation. Therefore,
it is necessary to make preparation for the increment of winter evapotranspiration in terms of water
resources management. The monthly and annual aridity indices based on future climate change scenarios
were greatly different according to potential evapotranspiration equations; however, monthly and annual
patterns of aridity index variation ratio (%) in the future period as compared to past period were very
similar regardless of applied potential evapotranspiration equation.
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Fig. 1. Comparisons of Observed and Simulated Monthly Climatological Normal in Seoul (1971~2000)

Table 1. Comparisons of Potential Evapotranspiration Equations

Equations

Description of equations

900
0.408AQ, + ym Uy (65 — ea)

PET= AT+A(1+0.340,)

PET=potential evapotranspiration (mm/day), @, =net radiation (W/nr), 7,
=avg. temperature at 2m height (K), u,=wind speed at 2m height
(m/sec), e =saturation vapor pressure (Pa), e,=actual vapor pressure
(Pa), (e,—
vapor versus temperature curve( Pa/ K), y=psychometric constant( Pu/ K)

e,)=vapor pressure deficit (Pa), A=slope of the saturation

AQ, +1E,
per= 2G5

E,=f(u)le,—e,) =

(0.26340.141u,) (e, —e,)

PET=potential evapotranspiration (mnvday), @,=net radiation (W),
Aty u,=wind speed at 2m height(m/sec), e ,=saturation vapor pressure
2 (Pa), e,=actual vapor pressure (Pa), (e, —e,)=vapor pressure deficit
(Pa), A=slope of the saturation vapor versus temperature curve
(Pa/K), y=psychometric constant (Pa/K), E,=drying power (myday)

Q
Aty H,

PET=potential evapotranspiration (mmyday), @,=solar radiation (W/m),

—0.12 A=slope of the saturation vapor versus temperature curve(Pa/K), Y
=psychometric constant (Pa/K), H, =latent heat of vaporization(.J/kg)

A
4 | PET=« <

PET-=potential evapotranspiration (mmy/day), a=empirical coefficient
A+y (=1.26), Q,=net radiation (W/m”)

5 | PET=aR TDVX T +17.8)

PET=potential evapotranspiration (nmyday), @=0.0023, 7D=difference
between daily maximum and minimum temperature (K), R, =extra-ter-
restrial solar radiation (W/m?), T, =avg. temperature at 2m height (X)
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Table 2. Comparisons of 30-year Average Aridity Index
Evapotranspiration

Depending on a Formula for Estimating the Potential

Jan.| Feb.| Mar.| Apr.| May | Jun. Jul. | Aug.| Sep.| Oct.| Nov. Dec. | Year
I |[-16.14 |-23.06 |-23.22 |-21.01 |-18.32 |-16.64 |-14.77 |-12.81 | -9.75 | -847| -7.47| -9.95|-14.29
45| I [-16.31 |-22.18 |-23.16 |-20.81 |-17.93 |-16.23 |-14.45 |-12.70 | -9.40 | -8.21 | -6.23 | -9.08 |-14.08
M |-16.77 |-21.81 |-22.78 | -20.50 |-17.64 |-16.27 |-14.07 |-12.62 | -8.99 | -756| -6.62 | -813|-13.95
Penman

I ||-17.09 [-22.66 |-23.85|-20.99 |-18.12 |-16.71 |-14.79 |-12.50 | -9.76 | -8.21 | -6.52 | -9.48 |-14.43
85| I [-17.00 |-21.68 |-22.19 |-20.24 | -17.43 |-16.13 |-14.27 |-12.37 | -891 | -7.31 | -6.49| -8.21|-13.65
I (-16.32 |-20.96 |-21.12 | -18.92 | -16.71 |-15.47 |-13.54 |-12.09 | -812| -6.72| -533| -6.90 |-13.67
I || 3974 2286 | 19.21 | 2244 | 20.83 | 22.26 | 26.30 | 2833 | 29.02 | 29.28 | 46.30 | 48.32| 28.84
45| I | 3912 2433 | 1946| 23.25| 2216 | 23.62 | 27.56| 29.82| 31.00 | 30.87 | 4868 | 49.80| 30.16
' I || 38.08 | 24.87| 20.21 | 23.80| 22.85| 24.17| 2878 | 31.02| 32.30| 32.08| 48.40| 51.46| 30.76
Miaklnk [ ]| 3817 | 2361 | 18.26| 2258 | 21.29 | 2249 | 26.79 | 29.23 | 29.78 | 29.89 | 47.69| 49.36| 29.36
85| I || 37.67| 25.03| 21.38| 24.44| 2319 | 2444 | 29.00 | 31.86| 3296 | 3261 | 4884 | 51.32| 31.71
M| 39.03| 2687 | 23.72| 2738 | 25.75| 2731 | 32.23 | 35.66 | 37.27| 36.08 | 52.43 | 54.15| 34.41
I || 8841 2967| 817| 1.76| -6.12|-10.81|-13.39| -941| 2.94| 26,60 | 81.85| 128.99 | 13.32
45| IO | 89.33] 31.29| 842| 221| -554|-1033 |-13.09| -9.36| 3.27| 26,71 | 84.34| 131.87| 14.25
Priestley - M| 8.11| 3235| 9.11| 256| -5.17|-1040|-12.71 | -9.33| 3.60| 27.62| 83.68 | 134.63 | 13.67
Taylor | 8.27|2999| 7.31| 182| -5.83(-10.84(-13.42| -9.09| 298| 26.84| 83.64 | 129.31 | 1515
85| I | 89.45| 32.88| 10.15| 296 -4.98|-10.26 [-1291 | -9.09| 3.67| 27.84 | 8393 | 134.84 | 16.25
M| 9316 | 3550 | 12.03| 4.79| -4.04| -955|-1219| -896| 4.30| 2813 | 86.23 | 14054 | 21.88
I | 3099| 1260| 0.89| -6.15| -9.04 |-16.12|-19.39 |-12.02| -0.55| 263 | 18.66| 32.21| -3.58
45| IO | 2943| 1280 | 0.35| -6.83|-10.38 |-16.49 |-17.70 |-10.92 | -1.44| 4.02| 20.28 | 32.10 | -3.22
M| 2838 | 1316| 0.71| -4.98|-10.35|-15.63 |-17.58 [-10.58 | 1.79| 452| 20.42| 32.36| -2.59

Hargreaves
I || 2955| 1320 | -0.06 | -592|-10.05 |-17.36 |-19.87 |-12.47 | -3.30| 4.07| 20.05| 32.60 | -3.40
85| I | 26.38] 1350 | 0.17| -5.05| -876 |-15.26 |-18.66 |-11.24| 053 | 550 | 19.86| 32.11| -2.09
Im| 23.07| 10.05| 291| -294| -9.42|-1552|-19.31 |-1297| 044 | 7.43| 2090| 2897 | -1.38
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