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Abstract

The assessment for a degree of drought has been carried out based on the soil moisture

index
evapotranspiration until wilting point as Im

in Korea. The soil moisture index(Im) was calculated assuming of constant
wo/w; + 100. The soil moisture content{(W2) at

the final of a period is obtained from W2 = Pe + W1 - E, here the effective precipitation
amount is Pe, evapotranspiration E, and the soil moisture content at the beginning of a
period is W1. The filed capacity(Wf), as a mean value of fine sandy loams, was reduced
to 92 mm/ft when we accept the wilting point and the available soil moisture content of
42 mm/ft, respectively. The drought begins in Korea when the soil moisture index drops to
less than 50%. The value coincides the isoline of 11 or more consecutive days without
measureable precipitation. The soil moisture index frequently drops in the northern part of
Youngnam area and Honam area so that both areas are well known as the areas of

drought.

Key word : Droughts, Soil Moisture Index.
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Table 1. Mean annual frequency of consecutive days without measurable precipitation.

. > > > S > > > > No.of
Swton | Fus | Gwe | dws | dwe | das | daws | davs | days | ob%erved
Sokcho 5.6 2.1 11 05 04 0.2 0.2 - 13
Chunchon 3.9 1.3 0.1 - - - - - 15
Kangnung 47 2.0 1.0 0.4 0.1 - - - 30

| Seoul 39 1.2 0.3 0.1 0.0 - - - 30
Inchon 47 14 0.6 0.2 01 - - - 30
Ullungdo 2.2 0.1 0.1 - - - - - 30
Suwon 42 13 04 01 0.1 - - - 17
Sosan 3.7 1.2 05 0.1 - - - - 13
Uljin 51 2.2 1.1 0.8 0.6 0.3 - - 9
Chongju 39 1.1 0.5 0.3 0.1 - - - 14
Taejon 2.8 0.8 0.3 - - - - - 12
Chupung 3.0 0.7 0.2 0.1 - - - - 30
Pohang 58 2.1 1.1 05 0.2 - - - 30
Kunsan 3.3 1.1 0.6 0.1 - - - - 13
Taegu 7.1 3.2 1.0 05 0.2 0.1 - - 30
Chonju 38 1.0 0.3 0.2 0.0 - - - 30
Ulsan 56 2.4 0.9 04 0.0 - - - 30
Kwangju 38 09 0.3 0.1 - - - - 30
pusan 6.0 2.7 12 0.4 0.1 - 0.0 - 30
Chungmu 5.7 2.3 12 0.7 0.3 - - - 13
Mokpo 40 12 0.3 0.2 0.1 - - - 30
Yosu 55 2.0 11 0.5 0.2 0.1 - 0.0 30
Cheju 3.1 1.0 0.1 - - - - - 30
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Table 2. Mean annual frequency of the consecutive days with < 5.0 mm precipitation.

. >1l1da |=16da |=21da | >26da |>31da | = 36da | =41da | >46da |>51da | = No.of
Station e e i s he g | observed
Sokcho 102 | 52 | 28 | 16 | 12 | 12 | 09 | 06 | 05 | 03 13
Chunchon 85 | 55 | 33 | 26 | 18 | 13 12 1 07 | 07 | 05 15
Kangnung | 95 | 60 | 35 | 256 | 1.7 | 10 | 08 | 05 | 03 | 01 30
Seoul 74 | 44 | 31 | 21 15 | 11 08 | 05 | 04 | 02 30
Inchon 99 | 63 | 39 | 28 | 19 | 15 10 | 06 | 05 | 04 30
Ullungdo 84 | 4l 20 | 10 1 05 | 02 | 01 | 00 | 00 | 00 30
Suwon 93 | 58 | 43 | 26 | 16 | 13 | 08 | 08 | 05 | 04 17
Sosan 9.1 55 | 37 | 24 | 19 | 15 | 09 | 08 | 08 | 05 13
Chungju 9.1 52 | 37 | 24 | 16 | 12 | 07 | 07 | 06 | 05 14
Taejon 92 | 50 | 28 | 19 | 12 | 10 | 06 | 05 | 04 | 02 12
Chupung 89 | 48 | 31 18 | 12 | 10 ] o5 | 03 | 03 | 02 30
Pohang 104 | 61 37 | 22 1 12 | 08 | 05 | 04 | 03 | 02 30
Kunsan 102 | 55 | 37 ) 24 ] 14 ] 12 | 08 | 07 | 04 | 02 13
Taegu 100 | 63 | 40 | 26 | 16 | 13 10 | 07 | 06 | 04 30
Chonju 94 | 59 [ 28 {19 | 11 | 09 | 05 | 03 | 02 | 02 30
Ulsan 102 | 59 | 35 | 21 14 1 09 | 05 | 02 | 02 | ol 30
kwangju 100 | 55 | 30 | 20 | 13 1 09 | 05 | 03 | 02 | 01 30
Pusan 99 | 56 | 35 | 20 | 11 | 08 | 04 | 03 | 02 | 02 30 |
Chungmu 94 52 3.2 1.8 1.2 0.9 0.7 0.3 0.2 0.2 13
Mokpo 78 1 39 | 37 | 23 | 14 | 09 | 06 | 04 | 02 | 02 30
Yosu 101 | 63 | 32 | 21 | 21 | 09 | 07 | 04 | 03 | 02 30
Cheju 93 | 46 | 22 [ 13 | 08 | 04 | 02 | 02 | 01 | 01 30

Fig 1. Isolines of occurrence frequency of 11 or more Fig 2. Isolines of occurrence frequency of =11
consecutive days without measurable preci- consecutive days with < 5.0mm.
pitation.
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Table 3. Variability of mean monthly precipitation.

Stations Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year
Kangnung | 098 | 092 | 057 [ 0.76 ; 0.75 1 073 ; 055 | 062 | 067 | 087 | 083 | 1.00 0.20
Seoul 089 ] 105|083 ) 078 | 068 | 084|043 | 062 | 073 1 073 | 068 | 0.71 0.20
Inchon 089 | 104 1083|1078 1 077 1 077 | 035 | 066 | 087 | 0.73 | 064 | 0.75 0.18ﬂ
Ullungdo £9 044 | 058 | 049 [ 056 | 068 | 054 | 058 | 056 | 067 | 047 | 062 i 0.24
Chupung 083 1079 | 069 | 055 | 053 | 056 | 045 | 038 | 0.71 | 069 | 060 | 052 0.17
Pohang 0.84 TO-W 065|105 ] 05010741064 049 | 060 | 079 | 077 | 0.87 0.2} |
Taegu 089 | 080 | 070 | 051 | 054 | 075 | 052 | 046 | 0.70 | 079 | 0.74 | 0.82 019

| Chonju 082 | 069 | 068 | 067 | 060 | 064 | 051 | 046 | 074 | 062 | 058 | 051 0.19
Ulsan 086 | 068 | 068 1 045 | 048 | 0.78 | 066 | 055 | 0.76 | 0.85 1 0.74 | 1.03 | 025 |
Kwangju 059 1067 10790531054 )07 ] 058! 05108108 | 0.70 | 0.57 0.22
Pusan | 0.92 | 0.77 | 063 0.46l 053 | 0.89 | 056 | 066 | 1 069 | 075 )75 | 0. 76 080 ; 025
Mokpo 064 | 0.75 | 0.78 | 0.46 | 054 LO.?Q 0.63 | 0.64 ‘+ 0.82 | 083 | 0 0 94 | 058 O 24 |
Yosu 089 | 077 | 0.78 0.@_1 049 1 079 { 055 1 065 | 092 | 0.85 O 81 | 0.73 0.21 |
Cheju 047 1 053 1 0563 | 037 | 053 | 067 | 057 | 061 | 0.76 ‘ 0.79 | 053 | 0.50 0.19




A

flo

Table 4. Field capacity and effective soil moisture content at different soil texture (after Shokley, 1956).

Field . Effective soil moisture
Soil texture 1€ mcﬁa/x%?;nty (mm/1t)
Maximum Average
Very coarse textured sand (Hl#¥-+) - 10.00 - 19 12.7
Coarse sands, fine sands B
Joamy sands (R 1) 435 19.1-254 20.0
Moderately coarse sandy loams B
| and fine sandy loams (Wig 1) 8L0 254-381 1 318
Medium textured fine sandy loams,
loams, sandy clay loams and 92.0 38.1-58.2 48.3
slit loams (E+)
Moderately fine textured clay B B
loams and silty clay loams (fE#E+) 445635 533
Fine textured sandy clays - N
silty clay and clay () 356635 o038
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field capacity in 26 soils in Israel(after Lomas
and Levin, 1979).
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Table 5. Percentage of evaporation of the Class A Pan to the Small Pan.

Stations Apr May Jun Jul Aug Sep Oct |
Sokcho 74 75 () 74 74 72 71
Chunchon 70 71 72 69 70 69 63
Kangnung 65 69 67 66 66 64 64
Seoul 70 72 73 72 73 72 65
Inchon 69 72 68 65 67 66 59
Ullungdo 70 74 71 70 69 69 68
Suwon 69 71 72 71 73 73 68
Sosan 71 75 77 76 i 75 69 |
Uljin 70 69 69 70 69 69 69
Chonju 70 71 71 69 [ 69 67
Taejon 67 68 63 67 68 67 6L
Chupung o4 64 66 59 64 63 64
Pohang 72 71 74 71 72 72 72
Kunsan 68 71 68 69 71 72 67
Taegu 73 74 72 72 73 70 69
Chonju 69 31 68 69 73 0 | 68
Ulsan 66 70 72 69 68 65 62
Kwangju 67 68 66 68 71 68 66
Pusan 72 72 71 69 75 75 73
Chungmu 69 65 64 64 64 65 63
Mokpo 69 70 70 69 71 71 68
Yosu 71 73 72 | 73 76 76 74
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Table 6. Evaporation of free water surface at different soil moisture content (after Fleming, 1966).
. : Evaporation of free water surface (mm/day)
[2)
Soil moisture(%) 0 - 30 31-40 41-60 > 61
100 - 75 1.0 1.0 1.0 1.0
74 - 50 10 1.0 0.8 0.6 ]
49 - 25 1.0 0.7 05 0.35
24 - 0 05 0.3 0.25 0.15
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AENF AN TR ESFY 65%7MAEe 3 £ AEY dart g a8y ol3g 8 HA

g Fegy  #dn  Ban o
Fleming(1966)2 YENA FEaFEL 2 in/itE
B3 F {FESFES 4 in/it(10mm)E Hel UE
o 93 Table 6& F#A%lo] AHE & e Ao
2 ¥t

o] A= Shockley® #e @t WceE
EA8 4o 5% 46mmE Hkewz A 6
© WieWe d¢ W, (We A2 o] o3
Zo] AT & Y}

W2 =P+ W-E(& Wi2Wc)

Wy =Pt Wi-WixE/Wc(&2 W, (Wc)

olA 4@ HDAH EFrEY 2713 Wig
dupz & AA7L e Aol FAZ dFdY. o
TAE W2 Adstaz de 710 Ad FET
A (RE S0mmolh 2 EFrEo] ¥3&,ET
gold F& ARY=z o AEE HZE2E
At oldE Pe + Wio] 2mm/ft2 A EF&5F
ol ¥ Aoz FIct ofg do] AFAHUA
S F de 2A3E Fo FEI FEE A&

goll Al BAETT A4E 471 ok

42. EALdSEXIF Ho
EYdY FEAEE Arsad EGEFEASF

(soil moisture index, Im )&}stx oh&a o] §
3}

Im = Wy x 100 / Wi
A7 Wre X8l ojm W,e e

7l o8 o] opin,

80

60

soil moisture index (%)

20

100

80

§0

40

soil moisture index (%)

20

Fig 4

56.Jum

comp. value
- — - umeas,value
w=me precipitation

r (a) June 1977
I S.3ne
l.lzs
1y 1 | I S |
2 4 [ 8 10 12 14 16 18 20 22 24
days
\\\ comp, value
B By -~~~ meas, value
~ weesm—s  precipitation
[ 65.60a N
\\
b= \\
N
.
{b) July 1977

1. Oza
1

N Lot

L3z3 3. oo
nt Wy .oy ' )

12 14 16 13 20

22 24 2 28 30 1 3
days

Soil moisture index for Suwon area in {(a) June

and (b) July, 1977.



10

-,

o] Ao 'T‘T_7V‘]'[H°“k] ZA Y &3
g9 19779 6937 799 EYFE BEFL o %
gt Y] EdsE wWste} 741 N EdSSA
9 W3tE BusYt. FLNAUY BEA 9
W 19779 649 19X 29 FAA FgFol
61.6mmAtt. °olv HUFEZTH 46mmE 23
3 goerng EYERATE 100%d ¥
Fig 491X BHW 699 A% 27 EF&ASTE
100%9. 2 1% Agte Wd A9 wsd vg
2 EYFEo] gasta oy AEHS g
FAHA 7AsH EGFEAF Fo & Aol&
HYou EUHF&A47 I2AH 50%(46mm)ES
&3)3le Al7le AE5ge F$018Y)9 Atate
7%$-(204)7t 2945 AolE Holx Ut 7€
o ALE 79 1299 656mme HFU AL F
Folle AT &g HAZ ZF XYL
v xAH JMAE4E Aozt AAM HARFEE
33 AlVle A ALEYE1Y)7 A5
A% (7925A)RG o 7do] w3tk H7A 7¢
o] A% 79 2393 2590 zre) At Ao
EGEFEAF FHd I dFo] Qded=
A&kl o] A5 o] A FAHIY.
U AFE AA go] EYSFE 53 AA o

3, gy SR 2 LAHEYTFE 2 F
@ o7t A& AL AUsto EFFEAFE
FAHHo R Wolgd F U Aotk

_4

43. EAHEX T2 AEBY HE

Ego] FRoz INIFLFHHAL WF
B 729 AR EgLE§AS 500 E w71A 9
Agdse Add g xolzb k. 2 olfE

Zweko] Aldd uiel gelAy] otk F F
wko] e ogdde 1 v|7te] &I, FLF
o] A& AgLHe 1 7|7l 4 Relth A&
A&717kQ) 4904 99L& 15¥A 209 Axel
th 9] 159 20 4 717+, BAF7IZel 15
Y Axold ZAEAZ AFL Yty B K
HEiE(1981)e] A7 AR} wlszsith 1977d $-2y
gt FREAo] 7HEJE dol AdE EFEEA
49 Wglg4e Yebd Aol kig 5 ot &3#

rlo

170 i
(a} Chunchen ‘450 E
§
100 ﬂso S
" -
2 ’OL g ~ 40 é
x
« —
3 st - l % g
= =
£ =1 b4
0 2 40 &
£ 5
3 e l 10
«
=t so._hl a [\n{ N l 0
g 2 S0 520 7% 610 &20 €30 9/10
5 o sonth/day
a3l
2
-~ 9
3
B
£
{b)-Suson . Jeo E.
(=4
a0 . % &
® F T -l =
Tk 2 w0 8
3 = 0 =
—E 80— 2 5
— 0
o} H H2 &
e < c
< S
> —1w0
= 6
o
5w 1[[] L . $plhid,
B LIk 72 518 528 R TR &40 20 870 $/10
Z Wi
2 month/day .
W .

Fig 5. Variation of soil moisture index from April 24
to September 10, 1977 in (a) Chunchon and
(b) Suwon.

Fig 6. Isolines of frequency of soil moisture index <
50 in growing season(April to September) for
the period of 1951-1980.

‘10_



EF5EF Brhol 9@ B2 A% I

FAA G 641904 29 Atolo| B& ZFE
Edd FES FEo IFEIEEAF 1008
F % 2090 AA EFEEATE 08 UEY
31;1 I F 3] AEAM JHEZIAF BE7E Q)
Aot ol EdFR Ao £4AR, Mg
o] AR Tel 3] oREA] R3he A&
7t F Ag7r 4840 v # F Uk
3, EFFEAS 50088 HELE T

+Pue 309(1951-1980)7k8 FAZ1ZE 6704
(dolA 9E7EANARE °] 83t EFFEATE
83, I 2% 50 olslE "olHY 359 BEXE
el Zle] Fig 6ot o] 1A EdFEA
& 500187k 7h¢ R3] Jebd AW FEAW
(A 153014 253)), TEAHSA 12il°1 A 16
g)olx, Wixrl A& AL AFAAN FF o
2e AN99 gAxgezA 4 053 A=Y
oj¢} Ze Ade, ARANH IgAEE w7}
Hoo, AF- ZEXNFL W7} viny gu, oA
AGL Ge-AGL oA vt vt vind n=
A Wz 37 giolztn AR F YA o]
B R¥L YA AFT FAF ALSdFE B
e BE & A S 7HA

5 & &

o] AFqM e Seve V3 BAZLE FAHLE
AR A A 9] 7]"5;‘35-” E‘?:V‘°1]—’F§‘ T3t
B7RBIA EGFEATE Tl 953 2
do| EpS E‘%" A4 "235]'1] %1 e
SHAFS HrtgoEX FFHoz FIEHYL
ol EFe] EFHE FEE, FITIE 1 ft
2, ) FEELGFEFES XTFEFTH92mm)
AZHM6mm)Y 29 46mmz 4 By F&
ZaEFE AU 46mmolA HA Omm, FEHFL
Class A pan® 70%, small pan® 50%& 733}
At EdFEAFe e 2L oz 39
1=

Im = W2/Wf - 100

o714, Wit TZE&5Foltt 32U EGFE

F(Wo)e FAZTZFP)AANY EFTEF W,
oA FE Le7AY FEAFE A3 teH
2ol R¥E3Th

W, = P.+ W) - E

AE =4 9 FES FF7t AL el
EYFE(W)ol EREFER Zopita Y25
 WERY A AFetd FrFa FENF
oz wjde) EGFEFES Yo1d & A 4
o oyl SEdge arle AxAAAs &4
FEaA 2on, A4z oFdx FEF] HAx
Holl dig EgEe v wg(WxE/W)gt
Bt

EY #8457 0ol 23tE g AlFely
o] A olF AFd HEEREZL WA B o
AFE FAAASY A 77 AS9F 1199
HFed. EFEEAT 500187t WA e
' AL BEAMes ‘&-'?71011 A 153 94
253,10 t&2 zdALte 12894 163
2 B, AF7t AL X]‘%‘% -’.‘— ol X FFa o

2t Z9A4d dAAgesM A 053 o]t

H‘M Yag A8E AFs FA
FA A TE FHRE 2%
| ZHAL] —E%% @Y. a2n AsAs
Axeld] dAHez = gt o)Ed T

71844, 1993, vkt Hgd B8 A
ddTa, 80, 71487, 1993, 718w
A, 7184, A

AtHE, 1968, M 10K o
FREEE, A1, 1-13.

HEF, 943, 1994, PHEAM ARER 2A

T, 71
7w

g Mk, #HE

_11._



12

A
onl

= 7Hel
30(3), 457-467.

Yilz#h, 1987, @®E RERRO HFBRMEBH
#, BAUREARL 1§84, 105,

T8, 1985, 3] EFAg L] B4, o3
Az S Hateel=, 57,

FHER, 1971, BAtG el Rol B HR, i
KA, 4, 173-203.

FINIp A H, 1979, BB RRKE HugHA-
HESh tEe) o9HE $422, Bl
K SCREE, 5, 51-67.

855 B AR R T R TR, 1987, AR HEK
B HEFE EXWR, NEARAYS R
ERTRRATERT, RAKEERS REERR A, 202,

FRHERE, 1981, KEMIHAAM ARl B Bl
TRy B BERTEEEEaRE, 1430),

B A7, BERRBEH,

8-16.

47134, 1984, REREHREE FA4714,
A&, 582,

o714, 1989, Z1AANAE, Y714, A
%, 72

HAZRBERIE 70-7, 1967, KEOERER, B
KRR 22(4), 149-157.

BEER, 1982, HBollesk, BRERZR, 374),
337-338.

HHATZ, 1977, BERZE 7V 7, £
®, HK, 854

Aston, AR.D. Sandilands, F. X. Dunin, 1980,
WATSIM - a Distributed Hydrologic
Model, SCIRO, Australia, Div. of Plant
Industry Tech. Paper, 35, 36.

Bahlme HN. and A. Mooley, 1980, Large sacle
droughts/ floods and monscon circulation,
Mon. Wet. Rev., 108, 1197-1121.

HF. and W. D. Criddle,
Determining  Water
Irmigated Area from Climatological and
Imgation Data, U. S. Dept. Agri. Soil
Conserv.Serv., Tech. Paper, 96, 45.

Chen Jiagi and Shen Zhenrong,1980,Analysis of
Drought

1950,
in

Blaney,
Requirments

Occurrence and Long-term

2
Variation of Annual Streamflow in
Eastern Regions of China, Proc. Tech.
Conf. on Climate of Asia and Western
Pacific, WMO, No.578, 334-340.

Cole, M.S., 1933, Drought in Arkansas, Mon.
Wea. Rev,, 61, 129-140.

Condra, G.E. 1944, Droughtits Effects and

Measure of Control in Nebraska, Univ.of
Nebraska, Conservation Bulletin, 25, 1-25.
Fleming, P.M., 1966, Crop Water Requirement
and Irrigation, In WMO(ed.), Agricultural
Meteorology, Proc. WMO  Seminar,
Melbourne, Australia,vol.2, 591-618.
and JLevin, 1979,
J.Seemann, et alleds.) Agrometeorology,
Springer-Verlag, New York, 217-264.

Lomas, J. Irrigation, In

Palmer, W.C., 1965, Meteorological Drought,
US.Weather Bureau, Research Paper
No.45, 1-58.

Penman, H.L., 1948, Natural Evaporation from
Open Water, Bare Soil and Grass, Proc.
Roy. Meteor. Soc., A 193, 120-145.

Penman, HL. 1961, Weather, Plant and Soil
Factors Weather 16(7),
207-219.

Shockley, D.G., 1996, The Influence of Soil
Moisture Holding Characteristics
Sprinkler Irrigation Design, Sprinkler
Irrigation Mannual Wright Rain, 45-50.

Tanner, C.B, 1960, Energy Balance Approach to

in Hydrology,

upon

Evapotranspiration from Crops, Proc. Soil
Sci.Soc.24, 1-9.

Tomar, V.S.and J.C. O'toole, 1979, Evapotran-
spiration from Rice Fields, IRRI Research
Paper Ser., 34, 15.

Thornthwaite, C.W., 1931, The Climate of North
America according to a New
Classification, Geog. Rev., 21, 633-655.

Thornthwaite, CW., 1948, An Approach toward
a Rational Classification of Climate, Geog.

Rev. 38, 55-94.

412‘



