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Abstract

Evapotranspiration and rainfall-runoff are the major components of hydrological cycle and thereby the changes of them can
directly affect the wetness/dryness or runoff characteristics of basins. In this study the wetness/dryness in Geum river basin are
classified by dint of cumulative probability density function of monthly moisture index and the long term changes of them are
analyzed based on climatic water balance concept. The drought events in Geum river basin are selected through evaluation of
monthly moisture index and the various hydrological properties of them are investigated in detail. Also the trends of
time-series of climatic water balance components are examined by Seasonal Kendall test and the variability of hydrological
cycle in Geum river basin during the recent decade is inquired. It is judged that the results of this study can be contributed to
establishment of the counter plan against the future drought events as the fundamental information.
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Fig. 1. Schematic diagram of climatic water balance concept.
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Table 1. Clasdfication criteria of Wet/Dry state by P(x)

Wet/Dry condition Symbol - -P(x) —
Lower limit | Upper limit
Strong dry SD 0.111
Dry Mild dry MD 0.111 0.222
Weak dry WD 0.222 0.333
Dry norma DN 0.333 0.444
Normal Normal N 0.444 0.555
Wet normal WN 0.555 0.666
Weak wet Ww 0.666 0.777
Wet Mild wet MW 0.777 0.888
Strong wet SwW 0.888
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Fig. 2. Drainage map of Geum river basin. 32. 7k=AYE F2 &4

Table 2. Classification of monthly Wet/Dry state

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
1 DN DN D SD N SD SD WD SD
2 DN D D SD ww WD D WD SD
3 DN WN D SD SD WD SD D D WD
4 SW ww D D WN ww WD WD DN D
5 wWw Www WD D WN WN N DN N DN
6 SW ww WN WN DN w w WN N N
7 W Ww wWw WN WN SW W W SW Ww
8 SW W SW N SW W W SW WN W
9 SW SW SW WD WN W W w DN SW
10 WN SW N DN WN N WD wWw D N
11 ww N wWw SD Www w N DN D WD
12 N N DN SD SW WD DN SD SD WD
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Fig. 4. Monthly moisture index & SMI time series of Geum river basin.
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Table 3. Main characteristics of the selected drought events

Duration Moisture Wet / Dry Storage ratio (%)
No. Start End )
(month) index state Y ongdam Daecheong
[©) 2000. 2. 2000. 5. 4 -182.06 D 0.54
@ 2001. 1. 2001. 5. 5 -214.74 D 0.07 0.46
©) 2001. 9. 2001. 9. 1 -132.14 WD 0.26 0.37
@ 2001.11. 2002. 3. 5 -418.79 SD 0.21 0.40
® 2003. 3. 2003. 3. 1 -131.17 WD 0.50 0.60
® 2003.12. 2004. 4. 5 -181.89 D 0.45 0.54
@ 2004.10. 2004.10. 1 -144.33 WD 0.69 0.61
2005. 1. 2005. 4. 4 -192.38 D 0.43 0.49
©) 2005.12. 2006. 3. 4 -193.22 D 0.38 0.53
() 2006.10. 2007. 4. 7 -279.64 SD 0.49 0.50
) 2007.11. 2007.12 2 -156.56 WD 0.70 0.69
719 BE 2R Qs F85] slagA Er] W o A= BTt Fd Az AFst= 7HEol
dehte @goz woth gudel 49 dAUe e BUHT Jon MR 10-1299) el ddgd
golgt AFE UeiE As & F el oe 5214 ol5td A% 6~999 FrHEFe] ddsFEd A=
e AAARA Y G770l FES Z2A Ee A 7 BTt Az sdete 7ol HAste A4S € F A
s Aoz Bodd . mekd A71% T 1Y FAReEl dE A%E
Fig. 55 94 48A%% 293¢ 5U A% % 9o RUHZE 7129 30 o] Fod JuE ATT
EAG Aoz ud 6999 97 aM2e Adstnt b Qe R BHAT 4P Az A9 FAF 2L
EAMFEC] WiwEA TS AT 5 At s F AT
2 FRARESG F9F Aol FHFE=E Fotstr] 9 A7 ARG StEAMEE B4 Ad3E s BY
st 7 AEAES AR AEFLTS 6-99, 10~12 T 2ok A4 o AX(WD)Y WFo &ats TR
4, 1-599 7|te g FESY EAste BSith Table 4 B AEZE WA VNEs 23544 gon g €9
£ 7 RS W@ 97 SRAES /1 kg AS Z9WEF 50 mm olsho] FB Ao gt
ZFE Ax 4 W wg FEs £ AR wAy oA F99 Gt B9 a4 dedE drFHeR
P2 2 AFY A7z A 4wy Bds LA 2 E e Fdes BY Ao dF A= 7zt
zoh Az 499 7 @ 2 AR 2

BAMEIES 47 6-9€ 9 101299 FHEEY R
o 9Fe TE AL AYE F Utk 6-999 THEF
°of Adget olstd FF 10-1294¢] FrHFFo] Ads
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Fig. 5. Monthly hyetograph and the corresponding moisture index of Geum river basin.
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Table 4. Antecedent cumulative rainfalls of the selected drought events

Wet / Dry Drought event Cumulative rainfall

state No Moisture index Jun~Sep Oct~Dec Jan~May
D @ -418.79 516.25 11117 342.20
() -279.64 748.61 106.62 207.22

@ -214.74 1142.59 87.90 76.62

©) -193.22 1095.59 85.65 207.99

D -192.38 1059.27 71.86 149.65
@ -182.06 873.99 201.51 82.67

® -181.89 1047.14 122.59 197.28

@ -144.33 1059.27 71.86 149.65

WD ® -132.14 1142.59 87.90 76.62
® -131.17 796.46 134.56 313.56

Average during 1998~2007 period 969.11 109.29 203.13

969.11 mm o])o] HuH ZFE 3}
A o2 JHERAMIETSE 52

&7 g 4509 BER F=2
02 A&HE BAFS HATh A
(10, 11, 129) F714-$FFo] vl

A AL AFol
Bz bt A

A< ok 100 mm o]o]—) Az A7 mz2A JdEHo] AL

Hgol wgstn 2

] B AFol < 20 mm ol 7]

Zro] 4A7IZF A&EW EilEoR wAsHA dd 8z
XA 9 Z9eZES ok 50~200 mm FEE F& 47
A ETY 2EY §99 &g si7o] o] Ry
oF & 719 Uk Aol AA HAsE B AT
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urRste] Aa) zolﬂﬁoﬂ 243 darre
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Table 5. Results of trend test on climatic water balance components

S P Sig. Level (%) Trend line
Rainfall -1.030 0.3031 69.69 y=61.37—0.8121¢
Evapotranspiration 0.026 0.9789 211 y=T71.24+0.0000¢
Surplus water -1.984 0.0473 95.27 y=2.272—0.07931¢
Deficit water 3.940 0.0001 99.99 y=17.09+ 3.854t
Moisture index -3.407 0.0007 99.93 y=21.09—14.07t

¥ t = decimal year —1997.75

Journal of Korean Society on Water Quality, Vol. 26, No. 2, 2010



250

TH W
e T W w
— . ~ ~ oF O
——— =S —_— g -] E._
.|..\1I||.1|V - A - i WM o|
—~— ] H g B
L] |4I|||ollmv s = = \_HVN_ o ey
g " ) ) 8 ) e
T g ko g Iz g N Ar
Ul RSl b B ]t B S @ &+ &l W
— T ® . T QO e % X
T 18 & m g ¢ m g 2 o)y 0
||11|&I|uv = | = " | - E Q o o xr
- £ I £ B z s E =
~ /=8 8§ O =2 & ® s £ | = oE HT_
83 % 0E §3 = g8 . o o
B £ g5 - FF g
g | st g — 5" % B E: B T o
I RoE B P82 o
— § o H = BT
et s H £ —_— = H 2> s S T Yo
2| R = S s g s W Zo B
— € =
R Baas=S1 > o g = g = :acy
0l g g . °
Ty g g ® o
e > Mo
~— | " - B
L - - = L o @ jo <0 ,U|
roonemia R : X W W
(wwjuopeiodesy (ww)sayem 13ag
S
R — —_— T T
e =t 13 do K- A
Rl - g XwTx
= = m - - —4 m Q ‘__lo ‘Iﬂ Z_O
BN s L 8F w4
_ . 1 —— | H I o] N jo
n W 8 T - s B g ~FF
S S S g X 209 g
et S 8 —_— | 2 I — A |
e L ——z & £ E® 2n N oo =
£ & S = = SR ‘ T
DR S L I B _x oF Mo N
—n £ | = " R gz B or
=1 l2% =z f B § 2 ¢ g © B A4
> 82 F 3 482z =2 g f £ n
e £33 E —_— £3 g £: 2 » Wogr oo
——.Jg |z T {357 3 3 R Ao T
EREEN g = £ x 5 2 50~ °
= : > :E 3 £ 2 = _ﬂ_ A
vz t E 5 > 3 w W W e
|y S RIS § BC-- I T
— = ——— c =1 V# =
R P -, & E8 Txa”
\”w s @ [ 1 = = m o B z_l L_L
ol M c ©® W ok
| & S ~ X
\omv " o“ = .m z_l w ey N
—_—— 1 —_— = °
= . o i ) wru %l A
= L] . _~ =
$ 8 8 8 ° $ 88888858 ° g : ©c TWXD
(wwhjejurey (ww)sanep sniding Xopul BIMsOW o ! o
(1R ™ o] T oy

o] Table

o

tol Hokoh

EFA MESgE @Az g

ksl

3

ksl

de &

Al g

a2

ted Fig. 491 SMI AJAIE of

o
2 7%

_?4
Fig. 69 (N} 2o A@4

Table 59 ZAFZHE

o)
=

6

2010

5,

5

AL

A AR

o
715

=

=

[e)
S| X| M263 A2

+

=

-1

54 220l
==&

<l

ko)

F5oe 2e 2y
M

AMA el AsHol a9k o

F

3

o]



7|1F&X X0 ot FURA SR /U A= 24 251
Table 6. Results of trend test on SMI Al Al

S P Sig. Level (%) Trend line

SMI -2.720 | 0.0065 99.35 y=5.338—0.1106¢

¥ t = decimal year —1997.75
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