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Drought Index on Small Watersheds

& % B B K W™, F K B
Kim, Sun-joo Yo, Woon-shik Lee, Kwang-ya

Abstract

The calculation method for the Drought index based on the principal hydrological factors, such as precipi-
tation, reservoir storage and river discharge, can estimate the duration and intensity of drought.

It is not easy to establish an universal criteria of drought since the drought conditions change variously by the
precipitation. About 70 percent of the annual precipitation in Korea is concentrated from June to September
resulting in drought and flood from time to time. Especially, the damage by the drought in April is very severe.

Water demand have been increasing sharply, and on the contrary, the number of sites suitable to keep the
water storage have been decreasing. Therefore it is urgent to prepare generalized countermeasures to overcome
drought posiﬁvely.

Water demands could be estimated from the drought characteristics and the generalized and effective water
management can be established from the results. The purpose of this study is to obtain a drought index and
build up the fundamental hydrological data-base on small watersheds.

I.A4 & Raroz yAs] dHNE 2% FUNLES

veh g ZMstelof s}, 1 A} vpwalx] o

gre B Aol oYy 4$Fe FE0 I olof wg gzt 2A F7h ste] A&Ao
AeE 12 W3 dedE 1 Qi Rol Ao}

L ECERU IR TERE o] AT ek 27 FAR 72
48710 AEHeR AT Stk EF Bl 4 Abd, T st ol (52 TEE)E o

* AT F o8 5364 P9 v, Qe B, B A2,
* 50N F P 5ol 2ATY gpelza 343, PUDB 75, PLAE,
5ol 2N BA ZAHAR WS A2 22

186



&3t Aolx, g 3y & Edoj(ghidr orits FXF 02 VBt g 88 W
N&E) g G443k Aol =g o E ol &ste of Qa3 7|z 25§ AF3ct
W AAY N ANA A DR ) B
oz} go] WEE v ATEYOE &&s1H A 1. A+
HFHo MY AAGARAA BT wEF gs & 2 ApdAE 7135 AMNEEF(Kiho Farm
S 4 9t} ayog shatol] thu)s A FE3) Land Improvement Association ; Kiho FLIA)
2o gAEete) shie BAZAY e 7l 2ERYL ATHY K02 WP,
233 ol Ry goz LAY shhs F4 3} NEEx B AFAY Fe F 3L
L5 LE FFA] A8 AS5F AR E AL 73,034,000m, F WNHEHL 13,339,
Wg gwe) 24¢ BSACINE FPHCE 4 haolth JEEEE WIS HES $9U7
At o, 9ol 24 842 THIL glon, & AT Mk

28 Yyt £ A71E4A 8L 4529 0|5 (Table. )04 Bz wupe} o] 37) A4A
339 BAZ B5A AN AEsu gon), 2 & PO o) VAT FYL AR
Z uggae Aestel 0B 9 875, 84
AL A FAY A 2o &4 9 AW AYE & (Table. 1) Studied reservoirs in Kiho FLIA
%0}3 %J_’ h‘—ﬁ%——/}‘qﬂﬂl)\}ﬁ s %Z]}‘Ag/\}% Name of X Year of | Basin |Irrigated Surface
9] 7]5—7—‘“@011)“]t %'T"T‘%t %é]% o]%_—g].c:] %‘ Reservoir Location Const. |Area(ha) |Area ha) (h,:?:x)
TrQE dZsta gk 2y i) B3t iy Keumkwang | Ansung-gun, | 1961 | 4,380 | 1.963.1 | 15180
Ho] 2z Aoz 2aE o YJov, B3] % T | owmasiao |
2AQ ghao] tiajdE I oyl Fo] uhg o] ok soneen YmenEh 1 LM
AAo|t}, a8z 2¢Ho)n F&F A EHg Madun Ansung-gun, | 1975 | 1240 | 5432 | 4100
Tho] 4020 A% 5 Jon, T8 BHe ungito
o] 3t wHo g A TS oS3ty AE g 3
iz}% Sof aulalE Hast AL 5 AE Aol 2. A7

2 dA+Y BRL AES S e §7F DR B
2o AFHo 2 A3}y Sstel B #H7 ATHE AFAY) 19939 2 1999 AFF
stoll Bag 712AEE A stLAL o) LAYH ()] ¥sts Aunwd dAEA 2ol & &
hg $A2 EA] GUA sRE P3N FAD Td 5 Ag) i Nges |
o2 A Bd2F o] &S FA sl Yot A Ae& #AE Ho|tr) 19939 H$ 54

FH AFgo] IdEHY 199432 ALl 2Ah

H' o\i::’LLH% t‘/]'l Hol.‘:ﬂ 100.00

80.00 SN g D a8 , ) =
7000 ) [p- ¥/ »
RS RSN AR folel A% FR R gas S
NAREE FRATIAL, AFA) AFF x}ii 3 5o FRAGE S
- 1_ e 2000
8 st EE AGS & Qe e sl %
EH}E)]"%’Q-’] 51‘”?‘]3.3 @%o]—:ﬂ_ E)\]o“ ]'Bl'o omN)f May Jun Jut Aug. Sep
E 210 H A= - _ EMLEMLEML_EMLEMLEML
EA4& #A43le b dlold wlo| A& F531 Period
—O—'93 Keunkwang = '94 Keunkwang —.— '93 Madun
1;]. [—4}—‘94 Madun  —B-'93 Samindong —@— 94 Samindong
Z} AAE 9] sHEA S T A™H zlolst {Fig. 1) Changes of the storage ratio of the stud-
Z o7 yad 71ZEAL gotsta #A)rtA ied reservoirs from 1993 to 1994

187



24 SIS M1 H 2S5

E3) 790 A480) 7HF Fk1, 1994
3 gojzl AeES F4Fa7d

2

_?_

¥ A ekttt Zi-rxl«l Zi?‘r%*& °1L 6174]
H @)

9

=5 29] 1980
3} 1993
7} 199449] ¢ 73S s 2 (Fig, 2)
oA B nle} o] 499 7% 1993, 1994 =

F BaAEg Fon 53], 199439 AA 7%

F Has A 2ED Yok 283 199399
BEEE 69o|F FdXof /A P2k Yo
B, #5719 989 4ol BdXEG A Y
ot AL o] HdA e FFELRA 4Y
3 5490l oF7te] BES AYEE FE A7)
AL FEAHE AT & AU 199449
Aole g AS71(68~8¥)dl 7€ 2&H
F4o AYsn ERS(AZHE o 602)E W
Ehfjo} Agol Zag FES SR FFEAA X
(¥ 550

3t

200 }—4-= "s0~' Avgrage \
-0 '3
kil

ALY
s
-é 100 . N
50 02 Wi
/ A b—
J
Apr May Jun Jut Aug Se|

p
EML EMLEMLEML EML EML
Period

{Fig. 2) Rainfall at Suwon station

3) B B RS FAISE Yy n¥

ofdl th o) AZ712 A T SR

el yIwe VIEARRE WAV

§ 4 sl 28 Yoz
:":

(Critical period)
AE Al 5, 9} FEEHA g
188

o

o

L
=
T

HE

29 FAQ 2o} sl ol FoiAe FAVI
$ RN AAZRNOZ M-St Aot

Arele grred dgste F99 %
B A5A AFFAFE)Y ¢ vz B
T3t @l 9 AdelM A2 TE s
AHgste] 4439 E84E Hlus Bl

>
rlo
i
21
in
%
S

a9 7 1976~ 1977 1980~1981'd A ¥-A]
Aol A A3 7HE TlE) 2 Qlated g A it
that <12lo] A nzFo, Palmerd 7F&Ale
(Drought index)7} 34& A F AUe A&
g ahyog BrtEglon, s X3 szt
ke A7t gds] WA
sl s H43 57) Y e SARREA
DRP(Colorado Drought Response Plan : 1981)
oA 7, 724, sHHFEF, A4A AFZ 52
FHH "01 oAtz FAE SWSI(Surface Water
Supply Index)E W#Eatdch. 2719 SWSI&
Egn A NAZAE, Colorado} oA g
e x| gletn 2 A dhakol] iAsy] g V1=
A5 S A7) §8te AHEEH AT
2 Ao felvete] dag 457 9
8t A E 2] Palmer®] 7}&2)4=(Drought index)
o|Foj )= )3t MEE F4 SWSI
(Doesken et al : 1992) & B8l JA7did A
o o] WSI(Water Supply Index) & A @3ttt
o| 2 73l7| Y3 vAA dake vhE 3t 2o
R EDRE
9 el AeFn HFFE oot
—?ﬂ—rxl AFHFS AR A2 FAHH
7}7ke) 2R A= Mg 2 ABAS 18
o}
@ 8823 84E  Md . Gamma, Normal,
Log-Normal etc.

@AFA AR BHAT PR e 5
flom @A wizia PF 4Yol oAl
= 5l ole® 2% A2l A AT



SHUX|E HE 25

F-N
~—

tlo oo =

>
-~

3t

ok N iz
4y M

AR5 1)2AEE o &
2+ INDEXE 319t} &
A 5N F A8t e

i3

>

o
H

S

Q‘L
ooy

to 1o, ok
R
i
T
32 ox o N Ho

b

aP,esv-I—bP pre — 00
12

A7) Prey, Pt AF
gEo|y, a be ZJ( —’T—
(a+b=1). WSI¢]
£33, WSI9] o] &3
&3 "}

WSI =

A R B
AP 7hE A olth

~+4.17 Alo]o]
3%7 = 9y

‘ﬂ—‘
o>,

+2 o)y

(AAIEY 48%
—2~+2:
c Al AIE 9] 26%
(AIAE Y 12%
CAAIES 2%

AAE S 38%

1. WSI Al A3 2%

HAA A WSI Wste 3 A5 2% 22 &
A& e AAE AFAL B UE %
Aol vl fool Fr7F A7) gEd] AR
Hglel g W v YEblth 1993L44+
199439 AR F Hslolq WSIgro] —3 o]3l2
dolAW 1 o] o] WSIA& Al&d oz &9 3
& vepd e & 5 A3l

o4 e BAARTRE U 22 &E

E 0
4 /H ol_/[:gl

) WSI7} 09 % GEEEY 5= W&ol
Af g 49gke] WSIgrel Hitoll 100% -

3] =t}
2) 594 799 ARF Exe 20kA] AA
Bsts Boln o 5e HojEr a8y

0lo 1
o T

189

2o A7 Wl WSl & 482 727

FEQel MaE 27 §
g 2ol A FAE e

4) WSIe 4847} ok, WSl % &
= ARl v g aEdsl feAs e

5) WSI& 84 A8k A E9} 7oA F Aol

4
3
2 =
] b A/ 2 1/
g oL Y\ NN
—_; [*"s3 \[ Ot T \
-3 -89 —y
- [ ]
Apr Mau Jun ul Aug Sep

EMLEMTLEMLEMLEMLEML
Period

{Fig. 3) Time series analysis of Kuemkwang basin

4
3
2 i i /:—t
1
2 \ / N
- LA AT
=2 —{ =% /
_; L,__J*I}“l -
_dApr Mau Jun Jul Aug Sep

EMLEMLEMLEMLEMLEWML
Period

{Fig. 4) Time series analysis of Madun basin

RVINIDN /

Xy AAAVAN VAN [N/
3_] ,,\\/l i/l 4 \ / \‘5//
SHE TN
—AApr Mau Jun Jul Aug Sep

EMLEMLTEMTLEMLEMLEML
Period

(Fig. 5) Time series analysis of Samindong basin



26

SRR M 1 A M 25

AE Aol o}, o] Z{ 7t Q12ke] INDEX7} /F
YE3E 742 fgr dgrol Hoh ek 7+ A
INDEX7} & 239 g WSIe Z 847
o] INDEX®RU 2 A& 7MAA @ WSI¢
2= T <lxy} 2tz INDEXS 23 & vehd
Wrg o Ae S5 VER|A €t

6) A 71&3} 1993 % 1994 WSIgtez 7
B gg3 2ol g 58 F h

+2 ol : FEF
A9 A
~1~-2: %39
—2~—4: 4% 7
—4 ol 1w A It

=
A==,

ol
ol 4

F

&

A X
R

oy x4y 3
=

+

[N

{

|

L

(o3
n:xo:otn

2. 3 dlo]e} wlo]& A|&R) 75

IDENTIFY NEED

3l DBE T&a7] 93 A= AY 2 &4
F AAd et f9& FESL AT 2HH9
H

N
2 >
i
e
o
fr
_l

Ko
A5E 74 FH3N @%114—3— g % %l“
DBE 73¥th ol &8 4N Ixt AR
o) 7120] 5% Bk oI AaHA 9 DB
Nado) s P FAE FAY B o}
3% 7199 A2 ol38 PUE A3z 1

Ao we} £43F
ghato] wrAlSh off A § e
£ A FsA Ed.

kol £x8le} dZ& 93 B39
(Fig. 6% 2t}

H
“DEVELOPMENT" MODE

SELECT COMPONENTS
e.g. Streamflow.
Rainfall, etc.

!

SELECT DATA
STATION BASED ON
1) Applicability of data to
frequency analysis.
2) Timely availability of
Data.

1

COMPUTE FREQUENCY
ANALYSIS

1

WEIGHTING
ROUTINE

l

“USE” MODE

WEIGHTING SUBROUTINE

|

ANALYZE RELATIVE
IMPACTS OF COMPONENTS

USE CHI
SQUARE
STATISTIC
TO TEST
WEIGHTS

YES

NO

ASSUME RELATIVE IMPACT
ASSESSMENT IS ACCURATE

FORM WEIGHTING

RECIEVE DATA FROM
COLLECTION NETWORK
I
COMPUTE PN's
[

APPLY WEIGHTING

EQUATIONS

EQUATIONS

PUBLISH INDEX

{Fig. 6) WSI forecasting model flow chart

190



27

B Z O
TTHE

SECHEE RIS

2[_1’
1127
oxl
2,
2
o,
2,

uet 7| S’i 1}5«1 741 A
Zgof thgt B L2H T ek AR 5

Yshtrd i dhite] 918 | Brhe FE2 73
HAQ ol A Fa) gk 19700 o] FRE T

Lya) g Haslslr] A AeirhA] WkEo] A
A g0} gton}, o) B& AL A Mo A AlAE A
olt}, oj#d He 1 W L o F3ko
a]e M/\] [ oLog ul-xgz‘sl-
2 Q% 9 17171 $13 o} 5

= #z9 Aot}
ageg e Fosta, o oy} g iy
Al 287 YH5YgS heA dte i JEAA
of 75L& oz ur} e EdE 7k
, B 4% gAYl 228 712 FREAR

AT & g 7IdH e Zeld,

B e EMAng Ry 42 FEF
ﬁﬂﬂ WSIZF 0% A% SEEE) 5=
AN Fes 4$aFe] WSIZe Rt 100
317 ko, B4, 5¥9A 789 ARF £
atA) 27 g WEE Holi 59 f58 B
Foug e ¥ AfF Hae WSl & 4
S 72 A Dt AR, WSIS A=
Zke] Wsir} 22 g7} Wzl vzt & el
A = VERR ] 92 okgk Lj]yﬂ’ WSIE= A8 X
7k ol $% T GAN v §A GEWE
A HEEA g FEW Aol TARA,
WSl g Af3 AT ZFAE Aelel sle
o] ojnl, 7} Qlze] A FI} wth R 5 E 7HA o)
T Fgho] "}, whe 7} Q1ze] A #7} L FE
d o WSlE zt 8k AEEY & FAE
7AAA Bk, €3 WIS FA & F A7} 247}
A x| ZTHE vehd gyl B de S5 HE

2 ehpA 9ok o, 37 71231993 o
1994'd9] WSI gto] +2 oldol® T2

n et

= -
]":?'_

= = 7
FA

>~‘“l

AHE Ao 73 o]
aladl

mlmiﬂi__d Hm"-
o 2

_4

A0
‘1‘\__

= P
R &5

Fgdolm, +2~-1& A AR &I,
—1~—2b okl JHg, —2~—4& H¥ 7S,
3T —4 ol e AT VRN e

191

1. Palmer, W. C., 1965. Meteorological Drou-
ght, Research Paper No. 45, U.S weather
Bureau, Washington, D.C.

2. Millan J. & V. Yevjevich, 1971. Pro-
babilities of Observed Drought, Hydrology
Papers, Colo. State Univ, Fort Collins, C

3. Dracup J. A., K. S. Lee, and E. G. Paulson
J.R, 1980. On the Statistical Charact-
eristices of Drought Events, Water
Resources Research, 16(2), pp. 289~296.

5. Water Resources and Development Service,
1980. Land and Water Development, Div-
ision of F.A.O.

6. Gumble E. J., Statistical Forecast of
Drought National Science Foundation Pub-
lic Health Serivice W.P., 00457-01.

7. Alley, W. M., 1984. The Palmer Drought
Severity Index : limitations and assump-
tions, J. of Climate and Appl. Meteorology.
23(7), pp. 1100~1109.

8. Alley, W. M., 1985. The Palmer Drought
Serverity Index as a Measure of
Hydrologic Drought, Water Resour, Bull-
etin, 21(1). pp. 105~114.

9. Cayan, D.R. and D. H. Peterson, 1989. The
Influence of North Pacific Atmospheric
Circulation on Streamflow in the West,
Geophysical Monograph 55, American
Geophsi- cal Union, Washington, D.C,, pp.
375~397.

DeGroot, M. H., 1986. Probability and Stat-
istics Ed. Addison—Wesley, Reading,
Mass.

Doesken, N. J., T. B. McKee and D, Garen,
1991a. Drought Monitoring in the Western
United States Using a Surface Water
Supply Index, 7th Conf. Appl. climatology,
Proc. American Meteorological Society,
Boston, Mass.

Doesken, N. J., T. B. Mckee and J. Kleist,
1991b. Development of a Surface Water

10.

11.

12.



28

13.

14.

16.

16.

17.

18.

19.
20.

21.
22.

24.

26.

SRzl M IR M 25

Supply Index for the Western United
States, Climatology Report Number 91 —3,
Colorado Climate Ctr. Dept. of Atmospheric
Sci. Colorado State Univ. Fort Collins,
Colo.

Garen, D, C., 1992. Improved Techniques in

Regression-based Streamflow Volume For—;_
Plng. Mgmt.

casting, J. Water Resour.
ASCE, 118(6), pp. 654~670:
Koch, R. W., C. F. Buzzard and D. M.
Johnson, 1991. Variation of Snow Water
Equivalent and Streamflow in Relation to
the El Nino/Southern Oscillation, Proc.
Western Snow Conf. pp. 37~48.

Lamm, R, D., 1981. The Clolrado Drought
Response Plan. State of Colorado, Office of
the Governor, Div. of Disaster Emergency
Services.

Redmond, K. T. and R. W. Koch, 1991.
Surface Climate and Streamflow Variability
in the Western United States and Their Re-
lationship to Large-scale Circulation indi-
ces, Water Resour. Res. 27(9), pp. 2381~
2399.

A9, 1971, dd7)el SlojA &4 Ui
of FRARI 1 £ Ve Jo B
A7, B eE A, 13(1).

SRR, o A

FY5AHE, 1978, 777 S SE-A

FEl8, 1979. shEw %?"”‘ZIE 93 gl
3, W+ 258314, 27(3), pp. 6~12
FTHAEE, 1983, 781, '82 T4

o], 1981. kol tiu]g AslEslEe] A
3, d=53-83]A

32, AU 1984, € ZA9-Aks5ol 93 s
A, #2eTFEA

¢

O]

[+

FAAE, 1985, e o = gl
pp. 92~94.

. AT 1989, Negative Runs ©]&o) &3t 3
ol Apgg = FEIH A, 22(1), pp.
26~30.

R FAAFAL 1990, FALRVISEAGE
A

192

1980.
1982.
1982,
1988,
1989.
4

1987.

1989.
1990.
1994.

a4

1993.
1995.

R

of 24
= =

AZdgw A F3En £
Ao s dj gl 534t
ol&eted Volcani Institute 479
Ax0 st e FahaaL
A 5AFEA T4 Post Doc,
Aot o et w3ty L uy
KCID 71AIslane sl /
H4 2 garagd
ICID 7171 st g7l 239

ECLEREELEELEET
Ao st o4l FYAA}
() BEA N EATLE A7
Anteta dete AR
5olENE A Sl EA 7Y

A=NGT SHR S 53R 5Y
Ao e o stel
IEANFTA ZAHIAA



