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Comparison of Disk Tension Infiltrometer and van Genuchten-Mualem 
Model on Estimation of Unsaturated Hydraulic Conductivity
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Hydraulic conductivity is the rate of water flux on hydraulic gradient. The van Genuchten Mualem (VGM)
model is frequently used for describing unsaturated state of soils, that is composed with the function of soil
water potential and soil water content and requests various parameters. This study is to get the value of VGM
parameters used Rosetta computer program based on neural network analysis method and to calculate VGM
parameters. VGM parameters included Ko(effective saturated hydraulic conductivity), θr(residual soil water
content), θs(saturated soil water content), L, n and m. The unsaturated hydraulic conductivity at 10 kPa
was calculated by using Rosetta program. Unsaturated hydraulic conductivities of 17 soil series at 1, 3, 5, 7
kPa were also obtained by applying saturated hydraulic conductivity by disk tension infiltrometer based on
Gardner and Wooding's equation. Water flow at the water potential of 3 kPa was very low except Namgye,
Hagog, Baegsan, Sangju, Seogcheon, Yesan soil series. Unsaturated hydraulic conductivity at 1 kPa showed
the highest value for Samgag soil series and was in order of Yesan, Hwabong, Hagog and Baegsan soil
series. Those of Gacheon, Seocheon and Ugog soil series were very low. When the value by VGM was
compared with the value by disc tension infiltrometer, there was a tendency with exponential function to
soils without gravel but there was no tendency to soils including gravel. Conclusively, it would be limited
that VGM model for unsaturated hydraulic conductivity analysis applies to Korean agricultural land
including gravel and having steep slope, shallow soil depth.

Key words : Unsaturated Hydraulic Conductivity, Disk Tension Infiltrometer, van Genuchten Mualem Model,
Rosetta Program, Gardner-Wooding Equation

ࢲ ঱

షনীࢲ ঘ࢚җ ӝ࢚ਵ۽ ੉ܖয૓ ҕӓ੉ ର૑ೞ

ח ਯ਷࠺ ؀ۚ 50% ੿۽ب ੉աޛ оझ ١੉ ੉ز

ೞח ӡ ৉ೡਸ ೞѱ ౠ൤, ҙѐա .׮ػ ъ਋ী ੄೧

ҕӓ੉ оٙ ଻ਕ૑ࢲݶ חೞࢤߊ ੄ޛ ੉ز਷ ઱۽

઺۱ী ੄ઓೞ۽޲ ੄ޛ ੉ز੉ ੗ਬ܂Ҋ ए਍ ಞ੉

੉۞ೠ .׮ ੄ޛ ನച࢚కীࢲ੄ ੉ز ౠࢿ੉ ನചࣻ

ܻ੹بب(saturated hydraulic conductivity)੉ݴ, ࠛನ

ച࢚కীࢲ੄ ੄ޛ ൒ܴౠࢿ੉ ࠛನചܻࣻ੹بب

(unsaturated hydraulic conductivity)੉׮. షন੄ ܻࣻ

੹חبب ܻࣻҳߓী ؀ೠ ੄ޛ ੉۝ز੄ ୋ۽ب ష

ন੄ ܻࣻ੸ ೧ࢳী ઺ਃೠ ౠࢿਃࣗ੉ࢲۄٮ .׮, ࣻ

ܻ੹ܳبب ঌ ࣻ ੓ݶ׮ Ӓ షন ղীࢲ੄ ੄ޛ ੉

ਸࢿౠز ೧ࢳೡ ࣻ ੓ਵݴ, Ӓী ۄٮ షন ಴ݶ੉ա

ղࠗীࢲ੄ ੄ޛ ੿۝ചա ஜైী ܲٮ షন ղࠗী

੄ࢲ ੄ޛ Ѣز ӏݺ ߂ ੢ӝਬ୹അ࢚ ӏݺਸ ਤೠ

૑(water balance)੄ࣻޛ য়ରܳ അѺೞѱ ઴ੌ ࣻ ੓

ਸ Ѫ੉Ҋ ਬ৉ ղীࢲ חೞࢤߊ ࣻ੗ਗ੄ ੉زਸ ز

৉೟੸ਵ۽ ೧ࢳೡ ࣻ ੓׮.

੄ޛ ੉زౠࢿਸ ؀߸ೡ ࣻ ੓ח ܻࣻ੹ببী ৔ೱ

ਸ ח஖޷ షনౠࢿ਷ ઱۽ షনҕӓ੄ ௼ӝ৬ ഋక

੉աޛ .׮ ҕӝ ١੄ ੉ੋ۽ాز ҕӓ਷ ؀ҕӓ, ࣗ

ҕӓ, ࣁ޷ҕӓਵ۽ աغܨ࠙ ੉ٜਸ ҳࢿೞח ӝੑࠄ

੗੄ ௼ӝ, ਬӝޛ ೣ۝੉ա ҳઑо ҕӓਸ ഋࢿೞח

ӝࠄ੉ ۽޲غ ܻࣻ੹ب ౠࢿਸ ౵ঈೡ दীח ੉۞
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ೠ షনౠࢿਸ ౵ঈೞח Ѫ੉ ਑੉ب ,Warrick)׮ػ

2002).

Jung et al.(1980)਷ ੋҕъ਋ӝܳ ੉ਊೞৈ п࢖ ࢎ

নష, ੹թ ૕ࢎ޷ নష, ࣠੿ धনష ١ 3ѐ੄ షন

ীࢲ ನചܻࣻ ੹ܳبب ஏ੿ ߄Ҋೠࠁ ੓ਵݴ, Park

and Yoo(1982)ח ܻࣻ੹بب ஏ੿ ߹ߨߑ Үܳ࠺ ా

೧ ஜై҅ܳ ੉ਊೠ ஏ੿җ inverse auger hole ߨߑр

੄ ਬ੄ࢿ੉ ੓਺ਸ חRo and Yoo(1984) .׮Ҋ೮ࠁ

షনࣻ࠙ ౠࢿ ࢳ࠙ ੢஖ੋ pressure plate extractor

ղ੄ షনࣻ࠙ ೣ۝ ߸ചࠗ۽ఠ ࠛನച ܻࣻ੹ܳبب

੉ۿधী ۄٮ ೞҊ࢑҅ ஏ੿೮׮.

ాࠁ ܻࣻ ੹بب੄ ஏ੿਷ पղ৬ प৻ীࢲ ੉ܖ

য૑ؘח, प৻ীࢲ੄ ஏ੿੉ दрҗ ֢۱ైੑ੉ җ

ೠ׮ ҙ҅۽, Jung et al.(1981)җ Ro and Yoo(1984)

੄ ҃਋ীࢲ୊ۢ पղप೷ਸ ా೧ ஏ੿੉ ੉ܖয૓

ࢲӒ۞ա, షনী .׮ חೞࢤߊ ੄ޛ ੉ز਷ प৻ীࢲ

חয૑ߥ അ࢚੉ݴ ݆਷ ഋٜ੉ݽޙࣻ प৻ীࢲ੄ ࣻ

ܻ੹بب ੗ܳܐ ਃҳೞ۽޲ ੉ܳ ਤ೧بۄࢲ प৻ী

੄ࢲ ஏ੿ ੗ܐо ೙ਃೞ׮. Double ring ஜై҅ח Ҋ

੹੸ਵ۽ प৻ীࢲ ܻࣻ੹ببա ஜైࣘܳب ஏ੿ೞ

ӝ ਤ೧ ݆੉ زਊೞ৓ਵա(Jung et al., 1981), ੉ࢎ

ਸ ਤೠ ҕр੸ ઁড ߂ ஏ੿ ળ࠺ ࣗਃदрҗ ֢۱

ైੑ੄ җ۽׮ ੋ೧ ݆਷ ੗ܳܐ ദٙೡ ࣻ হয ୭

Ӕীח ੢۱ ஜై҅ܳ ݆੉ ഝਊೠ׮(Ankeny et

al.,1988; Hussen and Warrick, 1993; Logsdon and

Jaynes, 1993; Schwartz and Evett, 2002). ੢۱ ஜై

ח҅ షন੄ ನചܻࣻ੹ܳبب ా೧ షনਵ۽੄ ஜై

ܳبࣘ חೞ࢑҅ Ѫਵࢲ۽, ੉ۿ੸ਵ۽ ࠛನചܻࣻ

੹ܳبب ୶੿ೡ ࣻ ੓׮. ࠛನച ܻࣻ ੹חبب ನച

ܻࣻ ੹بب৬ח ܻ׳ ஏ੿ द੄׼ షনࣻ࠙ ೣ۝੉

ա ীց૑ కী࢚ ۄٮ ۽޲૑ۄ׳ ੿۝੸ਵ۽ ӝࣿ

ೞӝо औ૑о ঋই ݆਷ ҃਋ ࢲ۽ഋਵݽ ೧ࢳೞҊ

੓ਵݴ, Ӓ ؀಴੸ੋ ഋ੉ݽ van Genuchten Mualem

(VGM) ݽഋ੉׮. VGM ݽഋ਷ షনࣻ࠙ ನబ࣍җ

ࣻ࠙ೣ۝੄ ۽ࣻೣ ҳػࢿ ۽ഋਵݽ ݻ о૑ ߸ѐݒ

ࣻо ೙ਃೞݴ ੉ח షࢿ੉ա షনࣻ࠙ ౠࢿী ۄٮ

.׮૓ۄ׳

ࠄ ,ࢲۄٮ োҳীחࢲ ੢۱ஜై҅۽ ஏ੿ೠ ನചࣻ

ܻ੹بب ੗ܳܐ ഝਊ೧ ࠛನചܻࣻ੹ܳبب ୶੿ೞ

Ҋ, షনੑ੗ ౠࢿҗ షনࣻ࠙ ࢶҋࢿਬౠࠁ ੗ܳܐ

VGM ݽഋী ੸ਊ೧ ҳ೧૓ ࠛನചܻࣻ੹ܳبب ࠺

Ү೧ VGM ݽഋ੄ ਬਊࢿਸ Ѩ੿ೞҊ੗ ೞ৓׮.

੤ܐ ߂ ߨߑ

షনীࢲ੄ ҙѐա ъ਋ী ੄೧ חೞࢤߊ ஜైഅ࢚

਷ ੉ޛ షন಴ݶ ఠࠗ۽҅҃ షনݶױਵ۽ ٜযоח

അ࢚ਸ ੌஷח Ѫਵࢲ۽(ਬ, 2000) ನചػ ੄ࢲకী࢚

൒ܴ਷ ನചܻࣻ ੹بب৬ э਷ чਸ աఋմۄٮ .׮

؀ࠗ࠙੄ ,ࢲ ஜైஏ੿ ੢஖ٜ਷ ನചܻࣻ੹بب ч

ਵ۽ ঳য૑؀ ,ݴ಴੸ੋ ੢஖ח۽ double ring ஜై

҅৬ ੢۱ஜై҅о ੓ࠄ .׮ োҳীחࢲ ୭Ӕী ஜై

بࣘ ஏ੿ਸ ਤ೧ о੢ ݆੉ ഝਊغҊ ੓ח ੢۱ஜై

҅ܳ ഝਊೞ৓ਵݴ, ֤షনੋ թ҅ాਸ ೞৈ܃࠺ ߒ

షন, ܿ࢑షনਸ ನೣೞח 17ѐ੄ షনాਸ ੿ೞৈࢶ

ஏ੿ೞ৓׮. ஏ੿ী ੉ਊػ ੢۱ஜై҅ח Fig. 1җ э

੉ ٣झ௼੄ ૒҃੉ 20 cm੉ݴ ઝஏ੄ water

reservoir੄ ղ҃җ ӡ੉ח 5.1 cm, 81 cm ੉ݴ, ਋ஏ

੄ bubble tower੄ ղ҃਷ 2.54 cm, ٣झ௼੄ ইۖݶ

ী ࠗ଱दఃח bubble membrane੄ ঑۱਷ فࣻ 30

cm੉׮. ੉Ѫਸ ನ੢ী ஖ೡࢸ חٸ షন੄ ಴ݶਸ

٣झ௼੄ ૒҃׮ࠁ ևѱ ಣಣೞѱ ٜ݅Ҋ Ӓ ਤী ٣

झ௼ membraneҗ੄ ੽ୢਸ ਬ૑दఃח ৉ೡਸ ೞח

Әࣘࢿ ringਸ షন಴ݶ ਤী ૟࢓ ঑۱ਸ о೧ࢲ ֬

਷ റ ring উী షন಴ݶҗ੄ ੽ୢޛ૕ੋ fine)ࢎࣁ

white silica sand)ܳ ଻਍ࢎࣁ .׮੄ ಴ݶਸ ಣಣೞѱ

ೠ റ झ೐ۨ੉۽ ੄ࢎࣁ ಴ݶ੉ ҎҊܖ ୽࠙൤ ઀ਸ

ࣻ ੓۾ب ਸޛ ੉ .׮۰ળࡸ റ ٣झ௼ membraneਸ

ring੄ ઺ঔী ۣࠗ٘ѱ ৢ۰֬ই ৬ࢎࣁ ৮੹൤ ଱޻

ೞ۾ب ೠ٣ .׮झ௼ membrane਷ ஏ੿ ੉੹ী ীޛ

৮੹൤ ನചदெ ղࠗী ҕӝߑ਎੉ ೞ૑ࢤߊ ঋ۾ب

ೠ׮. ஏ੿ਸ ਤೠ ח(cm 12 ,6 ,3)فࣻ ਋ஏ੄

bubble towerীࢲ ਬ૑दఃݴ, ઝஏ੄ water reservoir

ղ੄ ੄ޛ Ә׀ ֫੉ܳ ੍য दрী ܲٮ ੄ޛ ֫੉

߸ചܳ ӝ۾ೞؘח ੌ੿ೠ чਸ ঳ਸ ө૑ٸ ҅ࣘ ஏ

੿ೠ׮.

੉ۿ੸ ҃ߓ ੢۱ ஜై҅ח ਺җ׮ э਷

Wooding(1968)੄ ੿धਸߑ ੉ਊೞؘח, ੉Ѫ਷ ੌ੿

ࢲ੸ীݶ חೞࢤߊ ੿ܨ࢚(steady state flow)ী ؀ೠ

Fig. 1. Disc tension infiltrometer.
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೧ࢳ੉ оמೞ׮.

ৈӝࢲ, Qח షনਵ۽ ஜైػ ੄ޛ ୨۝[L3T-1]੉Ҋ,

r਷ ੢۱҅੄ disc ૒҃(L)੉ݴ, Kwet਷ ਸޛ ҕәೞח

potentialী ؀਽ೞח ܻࣻ੹بب[LT-1]ܳ աఋղݴ λc

ח ؀ҕӓ੄ ҙࣁݽ ӡ੉(L)ܳ աఋմ׮. ஏ੿ী ੉

ਊػ Ѫҗ э੉ ੌױ ٣झ௼ܳ о૓ ੢۱ ஜై҅ীࢲ

নೠ׮ ч੄ ನబ࣍ਸ ੸ਊೞݶ ઁҕػ ನబ࣍ী ؀

਽ೞח ੿ܨ࢚ী ؀ೠ ܻࣻ੹ܳبب ҳೡ ࣻ ੓ؘח

(Lien, 1989; Ankeny et al., 1991; Hussen, 1991;

Reynolds and Elrick, 1991), Ӓ ҙ҅ח ध (2)৬ э੉

ਸ࣍౟ܼನబݒ Ҋ۰ೞח Gardner(1958) ݽഋਸ ੉ਊ

ೞৈ ҳೡ ࣻ ੓׮.

K = Ksexp(αh)                              (2)

ৈӝࢲ, Kח ࠛನച ܻࣻ੹بب[LT-1]੉Ҋ, Ksח ನ

ച ܻࣻ੹بب[LT-1]੉ݴ, hח ࣍౟ܼನబݒ [L]ਸ

աఋղݴ αח λc-1җ ೠੌز чਸ ыח .׮੉[L-1]࢚ࣻ

ৈӝࢲ, ध (1)੄ Kwetী ध (2)੄ K чਸ ؀ੑೞݶ

ध (1)਷ ਺੄׮ ध (3)җ э੉ .׮ػ

ೠੌز ੢ࣗীࢲ nѐ੄ ੢۱ীࢲ੄ ੿ܨ࢚ ஏ੿਷ ف

ѐ੄ ߸ࣻ Ks৬ αܳ о૓ ஏ੿ ੢۱ ѐࣻ݅ఀ੄ ੿ߑ

धਸ ੢۱੉ .׮ೠ࢑ࢤ 2ѐ੄ ҃਋ূ ध (3)ী пп੄

੢۱ীࢲ ঳য૓ чਸ ؀ੑೞҊ աݶ־ ૑੄޷ αܳ

঳ਸ ࣻ ੓૑݅, ࠄ प೷ীחࢲ ੿ഛܳب ֫੉ӝ ਤ೧

3ѐ੄ ੢۱ਸ ੸ਊೞ৓ਵݴ Ӓ ੢۱ ч਷ షনౠࢿ੉

ա ஜైࣘبী ۄٮ അ੢ীࢲ ѱܰ׮ ੸ਊ೮ਵա, ӝ

ળ਷ 3 cm, 6 cm, 12 cmܳ ӝࠄਵ۽ ೮׮.

VGM ݽഋ਷ షন੄ ࠛನച ܻࣻ੹ܳبب ୶੿ೞ

ח р੽੸ ਺੄׮ ,ࢲ۽ਵߨߑ ध (4)৬ э੉ ਬബࣻ

࠙ ਤীߧ ؀ೠ അ੤੄ షনࣻ࠙ క࢚ܳ ౟ܼನబݫ

੄࣍ ഋࢶ࠺ ۽ࣻೣ աఋմ van Genuchten(1980)੄

ഋҗݽ షনࣻ࠙ ౠࢿҋࢶਵࠗ۽ఠ ਬ୶ೡ ࣻ ੓ח

షনࣻ࠙ ೣ۝੄ ೣࣻੋ ࠛನച ܻࣻ ੹بب੄ ನച

ܻࣻ ੹بب৬੄ ҙ҅ܳ ಴അೠ ध (5)৬ э਷

Mualem(1976) ݽഋ੉ ࣻ஖೧ࢳী ੄೧ Ѿ೤ػ Ѫਵ

؀੸࢚ ,ࢲ۽ ನചࢲ۽ب ࠛನച ܻࣻ੹ܳبب ಴അ

ೡ ࣻ ੓׮(ध (6)).

ৈӝࢲ, Φח ನച੿ܳب ੄޷ೞҊ, θח അ੤੄ షন

ࣻ࠙ ೣ۝, θr਷ 1500kPaীࢲ੄ షনࣻ࠙ ೣ۝, θsח

ನചࣻ࠙ೣ۝ਸ աఋղݴ, α, n, m਷ షনࣻ࠙ౠࢿҋ

੄ࢶ নীݽ ૒੽੸ਵ۽ ੄ઓೞח ࢲ۽ࣻ߸ѐݒ αח

ҕӝ ൚ੑ۱੄ ৉ೣࣻࢲ۽ cm-1ਵ۽ ಴दೞҊ n਷ ҕ

ӓ௼ӝ ࠙ನী ҙೠ ۽ࣻ߸ѐݒ ҋࢶ੄ ഋక৬ ҙ۲

੉ ੓ਵݴ m਷ 1-1/n੄ ܲ׮ ഋక੉׮.

ৈӝࢲ, K(θ)ח ࠛನച ܻࣻ੹بب, L਷ ҕӓ੄ োѾ

ਸࢿ աఋղח ѐ߸ࣻ, h(θ)਷ݒ షনࣻ࠙ ೣ۝ਵ۽

಴അחغ ನబ࣍੉׮

ध (6)җ э਷ VGM ݽഋীחࢲ নೠ׮ ࣻ߸ѐݒ

ܳ ೙ਃ۽ ೠ׮. Ӓ۞ա ੉ٜਸ ੌੌ੉ ೞৈ࢑҅ সয

ղӝۆ ࣻਘೠ ੌ੉ ই޷ .׮פ (USDA-ARS)ࢿޖ֪

਷ ੉۞ೠ ੟ೣਸࠂ औѱ ೞӝ࢑҅ ਤ೧ ݅ࣻ߸ѐݒ

ਸ ೧࢑ࢤ յ ࣻ ੓ח ഋਸݽ ੘ࢿ೧ ೐۽Ӓ۔ਵ۽

ٜ݅঻ࠄ ,ࢲۄٮ .׮ োҳীبࢲ VGM ݽഋ੄ ѐݒ

߸ࣻܳ ঳ӝ ਤ೧ ࣻ߸ѐݒ ࢑҅ ೐۽Ӓੋ۔

Rosetta(Schaap and Bouten, 1996; Schaap et al.,

1998)ܳ ഋ਷ݽ Rosetta .׮ਊೞ৓ࢎ ੌઙ੄ ా҅੸ ࠙

ੋߨߑࢳ न҃Ӓޛ ঴ѐ(neural network)ܳ ੉ਊೞৈ

షন੄ ੸ܻޛ ੗ੋٜܐ షࢿ੉ա ੼ష ,ࢎ޷ ,ېݽ ೣ

۝ חژ ਊ੸ب޻ա 33kPa, 1500kPaীࢲ੄ షনࣻ࠙

ೣ۝ ੗ܳܐ о૑Ҋ VGM੄ ੋࣻ߸ѐݒ Ko(effective

saturated hydraulic conductivity), θr(residual soil water

content), θs(saturated soil water content), L, n, mਸ

೧࢑҅ Ӓ чਸ ઁҕೞח ೐۽Ӓ۔ਵ۽ Ҵ޷ ࢿޖ֪

(USDA-ARS)ীࢲ ѐߊ೮׮. ੉۠ Rosettaী ػਊࢎ

न҃Ӓޛ ঴ѐח Rumelhart et al.(1986)੄ "Parallel

Distributed Processing"੉חۄ ੷ࢲী ઁदػ ੹ߑೱ

৉੹౵(feed-forward back propagation) न҃Ӓޛ ঴

ѐࢲ۽ ੄ۈࢎ न҃ҳઑܳ ځࠄ ٜ݅঻ӝ ীޙٸ ݆

਷ ন੄ ੑ۱ ੗ܳܐ ۽ܐ੗ࢳ࠙ ഝਊೡ ࣻ ੓ਵݴ,

೟णਸ ా೧ ੑ۱੗ܐ߹ о઺஖ܳ Ѿ੿ೞҊ Ѿ੿ػ

о઺஖ܳ ਍۽࢜ ੑ۱੗ܐী ৔೧߈ ਗೞח Ѿҗܳ

ח୹ೞب ౠࢿ੉ ੓׮. ੉Ѫ਷ ੑ۱க(input layer)җ

୹۱க(output layer) ࢎ੉ী ਷ץக(hidden layer)੉

ۄ חܰࠗ ೞա ੉࢚੄ ઺рக੉ ઓ੤ೞח ҅க ҳઑ

ܳ ыؘח, ঴ѐח ੑ۱க, ਷ץக, ୹۱க ۽ೱਵߑ

োѾחغ ੹ߑೱ੄ ҳઑ۽ Rosettaীחࢲ 2085ѐ੄ ష

নਸ ੑ۱੗ܐ߹ о઺஖ Ѿ੿ਸ ਤೠ ೟ण ੗۽ܐ ࢎ

ਊ೮ࠄ .׮ োҳীחࢲ షনా߹۽ షࢿਸ ೞৈࢳ࠙

4λc
Q = πr2Kwet [1+     ]                       (1)

πr

θ- θr
K(θ) = Ks [        ]L (5)

θs - θr

4
Q = πr2Ksexp(αh) [1+     ]                 (3)

παr

θ- θr 1
Φ =         = [           ]m (4)

θs - θr 1+(αΨm)n

θ- θr θ- θr
K(θ) = Ks [       ]L [ 1- [ 1- (        ) ]m ]2 (6)

θs - θr θs - θr

∫ dθ

h(θ)

2θ

0

0

θs∫ dθ

h(θ)

1
m
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VGM ݽഋ੄ ࣻ߸ѐݒ ৘ஏਸ ਤೠ ਍۽࢜ ੑ۱ ੗

۽ܐ ഝਊೞ৓׮(Table 1).

Pedo-Trnasfer ೣࣻ ۽੸ਵ߈ੌ ஏ੿ػ ӝࠄ షন੗

ఠࠗ۽ܐ షন੄ ܻࣻ੸ ౠࢿਸ ৘ஏೞח ҙ҅धਸ ݅

ٜয प೷੉ա ஏ੿ਸ ాೞ૑ ঋҊب ܻࣻౠࢿਸ औѱ

಴അೡ ࣻ ੓ח दޯۨ੉࣌ ഋਸݽ pedo-transfer

function(PTF)੉ۄೞݴ חࢲ۽ࣻ߸ѐݒ షࢿ੉ա ਬ

ӝޛ ١੄ ӝࠄ੸ షন ੗ܳܐ ೙ਃ۽ ೠ؀ࠗ࠙ .׮੄

షন ܻࣻౠࢿ ஏ੿ӝٜࣿ੉ ۽؀੸ਵ࢚ दрࣗ࠺ഋ

੉ݴ ਊ੉࠺ ۽޲غݽࣗ ૒੽ ஏ੿ೞח ؀नী ܻࣻ੸

ౠٜࢿਸ ੜ ৘ஏೞח PTFܳ ഝਊೞݶ दрҗ ਊ࠺

ਸ ੺ডೞח ١੄ ӛ੿੸ Ѿҗܳ ঳ਸ ࣻ ੓׮

(Cornelis et al., 2001). ध (7)җ (8)਷ Ӓ۠ ౠࢿਸ о

૓ PTFܳ ৬ېݽ ࢎ޷ ߂ ਬӝޛ ೣ۝੄ ۽ࣻೣ ষ

١(1995)੉ ਋ܻաۄ੄ షনਸ ೞৈࢳ࠙ ੘ࢿೠ Ѫ੉

੉Ѫٜ਷ .׮ ࢎ޷ ,ېݽ ߂ ਬӝޛ ೣ۝ਸ ঌݶ షন

ࣻ࠙ ੢۱ 10kPaҗ 1500kPaীࢲ੄ షনࣻ࠙ ೣ۝ਸ

৘ஏೡ ࣻ ੓׮. ध (7)җ (8)੄ PTF۽ ৘ஏೠ షন

ࣻ࠙ ೣ۝਷ ઺۝ࣻ࠙ ೣ۝੉۽޲ ੉Ѫਸ ਊ੸ࣻ࠙ ೣ

۝ਵ۽ ߸ച೧ ઱যঠ ೞח ੺ରо ೙ਃೞ૑݅ షনࣻ

࠙ਸ ૒੽ ஏ੿ೞ૑ ঋҊ షࢳ࠙ࢿ ੗݅ܐਵب۽ ࣻ࠙

ೣ۝ਸ ৘ஏೡ ࣻ ੓ח ੢੼੉ ੓׮. ੉ PTFܳ ੉ਊ

ೠ पஏ஖৬ ୶੿஖р੄ חҙҙ࢚҅ 0.85(P<0.01)۽ Ҋ

੄ب ҙҙ࢚҅ܳ ݴ੉ࠁ 1:1 lineী ਋ݒ Ӕ੽ೞѱ ࠙

ನೞҊ ੓׮Ҋ ষ ١(1995)਷ ҊೞҊࠁ ੓׮.

Ѿҗ ߂ Ҋ଴

੢۱ ஜై҅ী ੄ೠ ࠛನച ܻࣻ੹بب షন ղ

ী ઓ੤ೞҊ ੓ח షনࣻ࠙ ೣ۝੄ ৔ೱਸ ח߉ ࠛನ

ച ܻࣻ੹חبب షনઙ۽߹ܨ షনࣻ࠙ ౠࢿҋࢶী

੄೧ ীց૑۽ ߸ജػ షনࣻ࠙ ನబ࣍੄ ۽ࣻೣ ಴

दೡ ࣻ ੓ਵ۽޲ ನചܻࣻ ੹بب ஏ੿ਸ ਤ೧ ੉ਊ

ೠ ੢۱ ஜై҅੄ ஜై ਬ۝ ஏ੿Ѿҗ৬ Gardner৬

Wooding ݽഋਸ ઑ೤ೠ ध (3)ਸ ੉ਊ೧ ࠛನചܻࣻ

੹ܳبب ୶੿ೞ৓׮. ನചܻࣻ੹بب ஏ੿ਸ ਤ೧

ػ੿ࢶ షন਷ 17ѐ৓ؘח, оୌాਸ ೠ܃࠺ 6ѐ੄ ֤

షনҗ ਸా࢑ߔ ೠ܃࠺ 10ѐ੄ షনߒ ߂ షনܿ࢑

ੋ пా੉࢖ Ӓ оفࣻ .׮੉঻࢚؀ ؀ۚ 1,000 cm ੉

ݶ ࣻ࠙ potential੉ 100 kPa੉۽޲ ੉ܳ֫فࣻ 10,

30, 50, 70 cm۽ ೮ਸ ੄ٸ ੢۱਷ 1, 3, 5, 7 kPaҗ

ೠੌز ч੉Ҋ, ੉۠ potentialীࢲ੄ ܻࣻ੹חبب ׮

਺੄ Table 2৬ э׮. షনࣻ࠙ potential੉ 3 kPaী

੉ܰݶ 6ѐ షন੄ ܻࣻ੹ببо 1.0×10-7 cm·sec-1

੉ೞ੄ чਸ ৈࠁ ઺۱ী ੄ೠ ੄ޛ ੉ز੉ Ѣ੄ হ

਺ਸ ৓ਵաࠁ թ҅ాਸ ೠ܃࠺ 11ѐ੄ షন਷ ডр

੄ ੄ޛ ੉ز੉ ੓਺ਸ ঌ ࣻ ੓ؘח ੉ח ঐ੉ݽ ച

ъ ಞ݃ঐੋ ҙ҅۽ షন ղী ੄ޛ ੉زী ৔ೱਸ

ח஖޷ ੗т੄ ೣ۝੉ ֫ওӝ ੌޙٸ Ѫਵ۽ غпࢤ

Ҋ ୶റ੄ োҳীחࢲ ੉ ࠗ࠙ী ؀ೠ ղਊب Ѩషغ

যঠ ೡ Ѫ੉5 .׮ kPaীחࢲ 4ѐ੄ షনਸ ઁ৻ೠ

13ѐ੄ షন੉, 7 kPaীחࢲ ٚݽ షন੄ ܻࣻ੹بب

о 1.0×10-77 cm·day-1 ੉ೞ੄ чਸ թ҅, ೟ .׮৓ࠁ

ҋ, ా࢑ߔ੄ ҃਋ח ನചܻࣻ ੹ببо ܲ׮ షনী

೧࠺ ௼૑ ঋ਺ীب ࠛҳೞҊ 7 kPaী ੉ܰӝө૑ ড

Soil Series

Gacheon

Gocheon

Namgye

Chilgog

Haggog

Hoigog

Baegsan

Sangju

Seogcheon

Suam

Anryong

Yesan

Ugog

Jigog

Pungcheon

Hwabong

Samgag

1.7

1.7

2.6

1.6

1.0 

2.3

2.0

0.8

2.5

1.6

1.5

0.5

1.8

1.4 

2.6

0.8

3.0 

53.1

51.0

69.9

58.5

70.1

39.7

53.6

77.8

17.4

74.8

70.0

49.6

41.4

77.0

46.4

83.6

71.2

34.2

35.0

21.7

29.2

23.9

34.1

32.1

13.0

64.9

19.7

24.5

35.1

42.3

16.0

40.7

10.0

18.0

12.7

14.0

8.4

12.3

6.0

26.2

14.3

9.2

17.7

5.5

5.5

15.3

16.3

7.0 

12.9

6.4

10.8

L

L

SL

SL

SL

L

SL

SL

SiL

SL

SL

L

L

SL

L

LS

SL

Soil TextureClaySiltSandOM

------------------------------------------------ % ------------------------------------------------

Table 1. Soil characteristics for application to Rosetta program.

θ10kPα= 26.8 - 3.99ln(S)+2.36 Si+2.88(OM)    (7)

θ1500kPα= 15.75 - 2.86ln(S)+0.55 Si+0.7(OM)   (8)
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р੄ ੄ޛ ൒ܴ੉ ઓ੤ೣਸ ঌ ࣻ ੓঻ژ .׮ೠ, 1

kPaীࢲ ੄ޛ ੉ز਷ ࢲпాী࢖ 40.8×10-5 cm·sec-

۽1 ੉ز оبࣘ о੢ ஼ਵݴ Ӓ ۽ٍ ৘࢑, ചࠉ, ೟

ҋ, ా࢑ߔ ١੉ ܲࡅ ۽بࣘ ੉زೞ৓׮. оୌా੉ա

ୌాࢳ ߂ ਋ҋా਷ 1 kPaীࢲ੄ ੉ز оبࣘ ই઱

ܽו షনਵ۽ .׮঻غױ౸

VGM ݽഋী ੄ೠ ࠛನച ܻࣻ੹بب ୶੿ VGM

ഋ਷ݽ షন੄ ࠛನചܻࣻ੹ܳبب ୶੿ೞח р੽੸

ध ,ࢲ۽ਵߨߑ (6)җ э੉ షনࣻ࠙੄ ؀੸࢚ ನചب

ࢲ۽ ࠛನചܻࣻ੹ܳبب ୶੿ೡ ࣻ ੓ਵա ৈ۞ ѐ

੄ ѐ߸ࣻоݒ ೙ਃ೧ షনࣻ࠙ ೣ۝݅ਵח۽ ੉࢑҅

য۵׮. न҃Ӓޛ঴ѐܳ ӝ߈ਵ۽ ೠ Rosetta ೐۽Ӓ

਷۔ Ӓ۠ ܳࣻ߸ѐݒ ୶੿೧઱ؘח ࠄ োҳীחࢲ

షনా߹ ࢳ࠙بੑ ੗ܳܐ ਍۽࢜ ੑ۱੗۽ܐ ഝਊೞ

৓ࢎ޷ ,ېݽ .׮ ੼ష ೣ۝ਸ Rosetta੄ ੑ۱੗۽ܐ

ਊ೧ࢎ ܳࣻ߸ѐݒ ୶੿ೠ Ѿҗ 1500kPaীࢲ੄ షন

ࣻ࠙ ೣ۝ਸ աఋղח θr਷ ਊ੸ࣻ࠙ ೣ۝੉ షনઙ

۽߹ܨ উాܕ੄ 3.4%ীࠗࢲఠ ഥҋా੄ 7.2% ө૑

੄ ࠙ನܳ ৈ઱Ҋࠁ ੓ਵݴ, ನച షনࣻ࠙ ೣ۝ੋ θs

Soil Series

Gacheon

Gocheon

Namgye

Chilgog

Haggog

Hoigog

Baegsan

Sangju

Seogcheon

Suam

Anryong

Yesan

Ugog

Jigog

Pungcheon

Hwabong

Samgag

Paddy Land

〃
〃
〃
〃
〃

Upland

〃
〃
〃
〃
〃
〃
〃
〃
〃

Forest

2.8×10-4

6.3×10-4

1.8×10-4

2.7×10-4

5.1×10-4

8.8×10-4

5.3×10-4

5.8×10-4

0.3×10-4

68.1×10-4

15.7×10-4

14.0×10-4

2.7×10-4

5.2×10-4

12.3×10-4

65.3×10-4

132.2×10-4

0.37

0.34

0.13

0.27

0.13

0.26

0.15

0.17

0.13

0.64

0.37

0.22

0.35

0.34

0.30

0.38

0.35

0.7×10-5

2.0×10-5

4.7×10-5

1.8×10-5

13.9×10-5

6.8×10-5

11.9×10-5

10.7×10-5

1.0×10-5

1.1×10-5

3.9×10-5

15.7×10-5

0.8×10-5

1.3×10-5

5.8×10-5

14.5×10-5

40.8×10-5

<1.0×10-7

<1.0×10-7

3.2×10-6

0.1×10-6

10.5×10-6

0.4×10-6

6.0×10-6

3.7×10-6

0.7×10-6

<1.0×10-7

<1.0×10-7

2.0×10-6

<1.0×10-7

<1.0×10-7

0.1×10-6

0.1×10-6

0.4×10-6

<1.0×10-7

<1.0×10-7

2.2×10-7

<1.0×10-7

7.9×10-7

<1.0×10-7

3.0×10-7

1.3×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-8

<1.0×10-8

1.5×10-8

<1.0×10-8

5.9×10-8

<1.0×10-8

1.5×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

<1.0×10-8

7 kPa5 kPa3 kPa1 kPaαKs

cm·sec-1 cm-1 -------------------------------- cm·sec-1 --------------------------------

Land Use

Table 2. Unsaturated hydraulic conductivity estimated by disc tension infiltrometer.

Soil Series

Gacheon

Gocheon

Namgye

Chilgog

Haggog

Hoigog

Baegsan

Sangju

Seogcheon

Suam

Anryong

Yesan

Ugog

Jigog

Pungcheon

Hwabong

Samgag

0.0472

0.0500

0.0395

0.0459

0.0352

0.0723

0.0503

0.0454

0.0673

0.0362

0.0340

0.0528

0.0558

0.0405

0.0484

0.0457

0.0445

0.3898

0.3914

0.3863

0.3875

0.3895

0.4163

0.3901

0.3813

0.4370

0.3886

0.3906

0.3929

0.3999

0.3850

0.3940

0.3811

0.3833

0.0171

0.0155

0.0359

0.0230

0.0379

0.0130

0.0182

0.0367

0.0047

0.0416

0.0385

0.0146

0.0089

0.0398

0.0109

0.0371

0.0350

1.4328

1.4418

1.4342

1.4041

1.4451

1.4279

1.4213

1.5631

1.6626

1.5230

1.4474

1.4461

1.5198

1.5635

1.4925

1.8634

1.4338

0.9×10-4

0.8×10-4

2.6×10-4

1.3×10-4

3.0×10-4

0.5×10-4

0.9×10-4

2.7×10-4

0.2×10-4

3.6×10-4

3.1×10-4

0.7×10-4

0.4×10-4

3.3×10-4

0.5×10-4

3.2×10-4

2.3×10-4

-0.6324

-0.5696

-1.1018

-0.9120

-1.0589

-0.6051

-0.7366

-1.0084

0.3642

-1.0061

-1.0486

-0.5466

-0.1032

-0.9903

-0.2082

-0.8685

-1.1481

0.3020891

0.3064145

0.3027316

0.2878032

0.3080097

0.2996744

0.2964418

0.3602652

0.3985493

0.3434013

0.3091242

0.3084876

0.3420392

0.3604125

0.3299611

0.463339

0.302571

m=1-1/nLKonαΘ_s

(cm3·cm3
-1

)(cm3·cm3
-1

) cm-1 cm·sec-1

Θ_r

Table 3. VGM(van Genuchten Mualem) parameters by Rosetta.
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ب ਊ੸ࣻ࠙ೣ۝ਵ۽ ചాࠉ੄ 38.1%ࠗఠ ୌా੄ࢳ

43.7%ө૑ ࠙ನೠ׮. ನ੢ীࢲ੄ ನച ܻࣻ੹ܳبب

աఋղח ਬബನചܻࣻ ੹بب Koח ୌా੄ࢳ 0.2×

10-4 cm·day-1ࠗఠ ࣻঐా੄ 3.6×10-4 cm·day-1ө૑

নೠ׮ ਤ੄ߧ чਸ ৈ઱Ҋࠁ ੓׮. ਬബನച ܻࣻ੹

੄بب ч੉ о੢ ੘਷ ୌా਷ࢳ ਬബࣻ࠙ ਤоߧ о

੢ ևয ੉Ѫ੉ ܻࣻ੹ببо ੘ই૑ח ਃੋਵ۽ ੘

ਊ೮ਸ Ѫਵ۽ ৈѹ૓׮. ҕӓ੄ োѾࢿਸ աఋղח

ੋࣻ߸ѐݒ Lч਷ ٚݽ షন੉ ਺੄ чਸ ,ݴ৓ਵࠁ

ҕӓ ௼ӝ࠙ನী ؀ೠ ੋࣻ߸ѐݒ n਷ ചాࠉ੉

۽1.8634 о੢ ஼ਵݴ சҋా੉ ۽1.4041 о੢ ੘ও׮.

ҕӝ ൚ੑ۱җ ҙ۲੉ ੓ח αח ୌా੉ࢳ ۽0.0047 о

੢ ੘ওਵݴ ࣻঐా੉ 0.0416ਵ۽ о੢ ௾ чਸ ৓ࠁ

.(Table 3)׮

షনࣻ࠙ ౠࢿਸ ৘ஏೞח Rosettaח ৬޷࠘ ਬۣ੄

షনਸ ۽ਵ(Givi et al., 2004)࢚؀ࢳ࠙ ೞҊ ੓ӝ ٸ

ীޙ ੉Ѫਵ۽ ୶੿ػ чٜ੉ ਋ܻաۄ షনী ੸೤

ೠ૑੄ ৈࠗܳ חࠁಝ࢓ Ѫب VGM ݽഋ੄ ੸ਊ о

ਸࢿמ חೞױ౸ ೠ ஏݶ੉ ؼ ࣻ ੓׮. Fig. 2਷ ষ

١(1995)ী ੄೧ ٜ݅য૓ షনࣻ࠙੢۱ 1500 kPaী

ࢲ PTF(ध (7))ܳ ੉ਊ೧ ৘ஏೠ షন ࣻ࠙ೣ۝җ

Rosettaী ੄೧ ୶੿ػ షনࣻ࠙ ೣ۝(θr) р੄ Ү࠺

Ѿҗܳ ৈ઱Ҋࠁ ੓ؘח, Warrick(2002)਷ ਖ਼ৈࣻ࠙

ೣ۝ੋ θr਷ షনࣻ࠙ ੢۱ 1500 kPaীࢲ੄ ࣻ࠙ೣ۝

ਵࠗ۽ఠ ঳য૓׮Ҋ ҊೞҊࠁ ੓য ੉৬ э਷ Ү࠺

ח ੄޷о ੓׮. ৈӝࢲ, ֤షন਷ Ѿ੿҅ࣻо 0.8851

ࢲ۽ Ү੸࠺ ੜ Ҋݏ ੓ਵߒ ,ݴషন੄ ҃਋ب Ѿ੿҅

ࣻо ۽0.6657 ֤షন੄ чח׮ࠁ ੘૑݅ షনࣻ࠙ ೣ

۝੉ ઑӘ ֫਷ Ҕীחࢲ Ү੸࠺ ੜ Ҋݏ ੓਺ਸ ࠁ

ৈ઱Ҋ ੓ࢲۄٮ .׮, Rosetta۽ ৘ஏೠ ࣻ߸ѐݒ чٜ

੄ ਋ܻաۄ షনী੄ ੸ਊ оࢿמ੉ ੓ח Ѫਵ۽ ౸

ೡױ ࣻ ੓׮.

Rosetta੄ ੸ਊ оࢿמਸ ౸߹ೞҊ ࣻ߸ѐݒ чਸ

ҳ೮ݶ׮, Ӓ ѐ߸ٜࣻਸݒ ੉ਊ೧ ध (4)ী ઁदغয

੓ח van Genuchten (VG) ݽഋী ੸ਊ೧ షনࣻ࠙

ನబ࣍ী ܲٮ షনࣻ࠙ ೣ۝ਸ ৘ஏೡ ࣻ ੓׮. ध

ח(4) షনࣻ࠙ ೣ۝җ ನబ࣍੄ ۽ࣻೣ যغ ੓ח

ഋ੉ӝݽ ীޙٸ Ӓ షন੄ షনࣻ࠙ ੢۱੉ա ನబ

ਸ࣍ ঌݶ షনࣻ࠙ ೣ۝ਸ ঌ ࣻ ੓ਵݴ, Ӓ ؀੄߈

҃਋ب ࢲۄٮ .׮ػ݀ࢿ ੉ۧѱ ৘ஏೡ ࣻ ੓ח чҗ

਋ܻաۄ షন੄ ࣻ࠙ౠࢿਸ ஏ੿೧ࢲ ݅ٚ PTFܳ

ݶࠁҮ೧࠺ ध (4)੄ ਬਊࢿ ੿بب ೡױ౸ ࣻ ੓׮.

Fig. 3ח ࠛನച కੋ࢚ 10kPaীࢲ ষ ١(1995)ী ੄

ೠ PTF(ध ۽((8) ৘ஏೠ షনࣻ࠙ ೣ۝җ ध ۽(4)

৘ஏೠ чҗ੄ ҙ҅ܳ աఋմ Ѫ੉׮. ষ ١(1995)١

੄ PTF৬ VG ݽഋী ੄ೠ ৘ஏ чٜ੉ ীࢶ1:1 Ѣ

੄ ࠗ೤غѱ աఋաҊ ੓ؘח ੉Ѫ਷ షনࣻ࠙ ನబ

ী࣍ ܲٮ షনࣻ࠙ ೣ۝ ৘ஏী ؀ೠ VG ݽഋ੄ ਬ

ਊࢿਸ ੄޷ೞ۽޲, धষ ١(1995)ী ੄೧ PTFо ݅

ٜয૓ 10 kPa(ध (7))੉ա 1500 kPa(ध (8))੉৻੄

షনࣻ࠙ ನబ࣍ীחࢲ ੉ܳ ੉ਊ೧ షনࣻ࠙ ೣ۝ਸ

৘ஏೡ ࣻ ੓ਸ Ѫ੉׮.

Fig. 2. Comparison of Rosetta parameters and PTF.

Fig. 3. Comparison of soil water content by estimated VG
model and PTF.
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Rosettaী ੄ೠ ࣻ߸ѐݒ ੉ਊ оࢿמҗ VG ݽഋ੄

ਬਊࢿਸ ध ,ݶ׮೮ױ౸ (6)ী ੉ٜਸ ੸ਊ೧ VGM

੄ࢲഋীݽ ܻࣻ੹ܳبب ҳೡ ࣻ ੓׮. ࠛನച క࢚

ੋ 10kPaীࢲ ܻࣻ੹ܳبب PTF۽ ҳೠ ࣻ࠙ ೣ۝

ਸ ध (6)ী ੸ਊೠ Ѫҗ ध (4)ܳ աఋղח VG ݽ

ഋਵ۽ ҳೠ ࣻ࠙ೣ۝ਸ ध (6)ী ؀ੑ೧ ҳೠ чਸ

Ү೮ਸ࠺ ۽ഋਵݽ VG ,(Table 4)ٸ ঳য૓ షনࣻ

࠙ ೣ۝ਸ VGMী ੸ਊ೧ࢲ ҳೠ ࠛನചܻࣻ੹بب

੄ ಞରо ௼૑ ঋ਷ ਤߧ ղীࢲ ٚݽ షন੉ যו

੿ب ੄ޛ ൒ܴ੉ ੓਺ਸ ৈ઱Ҋࠁ ੓ਵա, PTF۽

ҳೠ ࣻ࠙ೣ۝ਸ VGMী ੸ਊ೧ࢲ ҳೠ ࠛನചܻࣻ

੹חبب VGীࢲ ҳೠ чٜ׮ࠁ ಞରب ௼ࢲݶ, ч

੉ ૑غ࢑҅ ঋח షনాٜ(ࢳୌ, ૑ҋ, ೂୌ, ࢖п)੉

ઓ੤ೠ׮. ੉Ѫ਷ ৘ஏ ч੄ ੿ഛࢿਸ ঱әೞӝ ੉੹

ী ࠛನചܻࣻ੹بب ౠࢿಣоী ؀ೠ VGM ݽഋ੄

੸ਊࢿਸ חܻڰযڄ Ѿҗܳ աఋղҊ ੓׮.

ࠛನച ܻࣻ੹بب੄ Ү࠺ ੢۱ ஜై҅۽ ҳೠ

ನചܻࣻ੹חبب Gardner ݽഋੋ ध (2)ী ؀ੑ೧

ࠛನചܻࣻ੹ܳبب ҳೡ ࣻ ੓׮. ࠛನചܻࣻ੹بب

ஏ੿ী ؀ೠ അ੢ಣоա प೷पীࢲ੄ ಣоח য۵ӝ

ীޙٸ ੉ۧѱ ҳೠ ࠛನചܻࣻ੹חبب ૑Әҗ э਷

ஏ੿ חࢲടী࢚ ਋ݒ ਬਊೞࢲۄٮ .׮ ੉۠ ੗ܐ৬

খীࢲ ঱әೠ VGMী ੄೧ ৘ஏೠ чਸ Ү೧࠺ ࠁ

ח Ѫب VGM ݽഋ੄ ੸ਊࢿ ಣо৬ Gardner ݽഋ੄

ഛ੢ࢿীب ਑੉ب ؼ Ѫ੉׮. Gardner ݽഋী ੄ೠ

ч਷ ੉޷ Table 1ীࢲ ઁदغয ੓૑݅, ੉ чٜ੉

അ੤ ܻࣻౠࢿ ೧ࢳী о੢ ݆੉ ੉ਊغҊ ੓ח

VGM ݽഋী ੄ೠ чҗ ਋ܻաۄ షনীࢲ যڃ ҙ

۲੉ ੓ਸ૑ী ؀೧חࢲ ҙ۲ োҳо হࢲۄٮ .׮ ੉

ী ҙೠ ੉ࢳ࠙ ೙ਃೞݴ Table 5ח Ӓ۠ ೙ਃࢿী

ۄٮ Gardner ݽഋҗ VGM ݽഋী ੄೧ ҳ೧૓ 1, 3,

10 kPaীࢲ੄ ࠛನചܻࣻ੹بب чਸ Үೠ࠺ Ѫ੉׮.

੢۱ ஜై҅۽ ҳೠ ನചܻࣻ੹ܳبب (2)੄ Gardner

धী ؀ੑ೧ ঳য૓ Ѿҗח 3 kPaীࢲ షনࣻ࠙ ੉ز

Soil Series

------------ cm·sec-1 ------------

䝑Pedo-Transfer Function
‡ Van Genuchten

Gacheon

Gocheon

Namgye

Chilgog

Haggog

Hoigog

Baegsan

Sangju

Seogcheon

Suam

Anryong

Yesan

Ugog

Jigog

Pungcheon

Hwabong

Samgag

0.13×10-5

0.14×10-5

0.10×10-5

0.10×10-5

0.10×10-5

0.12×10-5

0.12×10-5

0.12×10-5

0.35×10-5

0.10×10-5

0.10×10-5

0.14×10-5

0.21×10-5

0.10×10-5

0.19×10-5

0.13×10-5

0.10×10-5

0.86×10-5

0.89×10-5

1.93×10-5

0.66×10-5

0.66×10-5

0.58×10-5

1.03×10-5

0.37×10-5

-

1.41×10-5

1.55×10-5

0.23×10-5

1.31×10-5

-

-

0.99×10-5

-

PTF䝑 VG‡

Table 4. Unsaturated hydraulic conductivity estimated with
10kPa by VG & PTF applied to VGM.

Soil Series

Gacheon

Gocheon

Namgye

Chilgog

Haggog

Hoigog

Baegsan

Sangju

Seogcheon

Suam

Anryong

Yesan

Ugog

Jigog

Pungcheon

Hwabong

Samgag

Paddy Land

〃
〃
〃
〃
〃

Upland

〃
〃
〃
〃
〃
〃
〃
〃
〃

Forest

0.5

0.7

0.7

0.7

0.7

3.9

6.4

5.0

0.7

22.5

8.2

7.5

0.7

0.7

22.5

22.8

11.4

0.7×10-5

2.0×10-5

4.7×10-5

1.8×10-5

13.9×10-5

6.8×10-5

11.9×10-5

10.7×10-5

1.0×10-5

1.1×10-5

3.9×10-5

15.7×10-5

0.8×10-5

1.3×10-5

5.8×10-5

14.5×10-5

40.8×10-5

2.7×10-5

2.5×10-5

4.3×10-5

2.9×10-5

5.0×10-5

1.6×10-5

2.5×10-5

6.4×10-5

1.4×10-5

6.8×10-5

5.1×10-5

2.3×10-5

1.9×10-5

2.2×10-5

2.3×10-5

2.1×10-5

4.0×10-5

<1.0×10-7

<1.0×10-7

3.2×10-6

0.1×10-6

10.5×10-6

0.4×10-6

6.0×10-6

3.7×10-6

0.7×10-6

<1.0×10-7

<1.0×10-7

2.0×10-6

<1.0×10-7

<1.0×10-7

0.1×10-6

0.1×10-6

0.4×10-6

1.0×10-5

0.9×10-5

1.0×10-5

0.8×10-5

1.1×10-5

0.7×10-5

0.9×10-5

1.4×10-5

0.9×10-5

1.4×10-5

1.1×10-5

0.9×10-5

1.0×10-5

1.5×10-5

1.1×10-5

2.6×10-5

1.0×10-5

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

<1.0×10-7

1.3×10-6

1.4×10-6

0.9×10-6

1.0×10-6

1.0×10-6

1.2×10-6

1.2×10-6

1.2×10-6

3.5×10-6

1.0×10-6

1.0×10-6

1.4×10-6

2.1×10-6

0.9×10-6

1.9×10-6

1.3×10-6

0.9×10-6

VGMGardnerVGMGardnerVGMGardner

1 kPa

(cm·sec-1)

3 kPa

(cm·sec-1)

10 kPa

(cm·sec-1)
Gravel

(%)
Land Use

Table 5. Comparison of unsaturated hydraulic conductivity by Gardner & VGM model.
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੉ ݻ ѐ੄ షনਸ ઁ৻ೞҊח Ѣ੄ হח ݶ߈ VGM

ഋ੄ݽ ҃਋ח 10kPaীبࢲ যו ੿ب੄ షনࣻ࠙੄

੉زਸ ࢲ۽੐ਵࠁ അ੢ ஏ੿ Ѿҗܳ ഝਊೠ Gardner

ഋҗݽ ௾ ର੉੼ਸ ৈ઱Ҋࠁ ੓׮. ੉۠ ର੉ח ҳ

ઑ, షনӨ੉, ੗тೣ۝ ١੉ ৔ೱਸ ח஖޷ Ѫਵ۽

ৈѹ૑ؘח Fig. 4ח Ӓ۞ೠ ৔ೱਸ ৈ઱Ҋࠁ ੓׮.

Fig. 4੄ (a)ח Table 5ী ա৬ ੓ח ࠛನചܻࣻ੹ب

ب ч ઺ীࢲ షন಴ݶী ੗тਸ ನೣೞҊ ੓૑ ঋ਷

షনীࢲ੄ 1k Paীࢲ੄ Gardner৬ VGM ݽഋী ੄

ೠ ࠛನചܻࣻ੹ܳبب Үೠ࠺ Ѫ੉Ҋ, (b)ח ੗тਸ

ನೣೞҊ ੓ח షনীࢲ੄ ࠛನച ܻࣻ੹ܳبب Ү࠺

ೠ Ѫ੉׮. (a)ীࢲ ঌ ࣻ ੓٠੉ ੗т੉ হח షনী

חࢲ VGM ݽഋী ੄೧ ৘ஏೠ ч਷ ࣻ࠙੢۱҅۽

ஏ੿೧ࢲ Gardner۽ ೧ࢳೠ чҗ ੌ੿ೠ ҃ೱ

(exponential ೣࣻ)ਸ חৈ઱ࠁ ݶ߈ ੗т੉ ੓ח ష

নীחࢲ ҃ೱਸ ଺ਸ ࣻ о হ঻׮. ੉Ѫ਷ খীࢲ

঱ә೮٠੉ VGM ݽഋ੄ ৘ஏ чী ੗тೣ۝੉ ৔ೱ

ਸ ஖Ҋ޷ ੓਺ਸ ੄޷ೞݴ, ੉۠ Ѿҗח VGMਸ ݅

ٚ प೷੸ Ѿҗٜ੉ ਋ܻաۄ షনҗח ܲ׮ ౠࢿਸ

о૓ షনٜਸ ۽ਵ࢚؀ ೮ӝ ۽ਵޙٸ ৈѹ૓׮. ૊,

਋ܻաۄ৬ э੉ ૑оࢎ҃ ݆Ҋ షब੉ Ө૑ ঋਵݶ

ࢲ ੗тೣ۝੉ ݆਷ షনীחࢲ ܻࣻ੸ ౠࢿਸ ৘ஏ

ೞח VGM ݽഋਸ ੸ਊೞؘח ੓য ೠ҅о ੓ਸ Ѫ

ਵ۽ .׮ػױ౸

ਃ ড

ܻࣻ ੹חبب ܻࣻҳߓী ؀ೠ ೒۟झ੄ ਯਸ࠺

աఋղݴ, ನചػ షনীࢲ੄ ੄ޛ ੉ز੉ ನചܻࣻ

੹بب੉Ҋ ࠛನചػ షনীࢲ੄ ੉ز੉ ࠛನചܻࣻ

੹بب੉߈ੌ .׮੸ੋ ߒ ੄ࢲకী࢚ షনࣻ࠙ ઑѤ

਷ ࠛನചܻࣻ੹۽بب ಴दೞח Ѫ੉ ੸੺ೞա Ӓ

క࢚ܳ ಴അೞӝо औ૑ ঋ׮. షন੄ ࠛನച క࢚ܳ

աఋղؘח о੢ ݆੉ ॳ੉Ҋ ੓ח VGM(van

Genuchten Mualem) ݽഋ਷ షনࣻ࠙ ನబ࣍җ ࣻ࠙

ೣ۝੄ ۽ࣻೣ ҳػࢿ ݴഋ੉ݽ ݻ о૑ ѐ߸ࣻоݒ

೙ਃೞ׮. VGM ݽഋ੄ ܳࣻ߸ѐݒ ঳ӝ ਤ೧ ࠄ ো

ҳীחࢲ VGM ݽഋ੄ ܳࣻ߸ѐݒ ח೧઱࢑҅ ೐۽

Ӓੋ۔ Rosettaܳ ഋ਷ݽ Rosetta .׮ਊೞ৓ࢎ न҃Ӓ

ޛ ঴ѐ(neural network)ܳ ੉ਊೞৈ షন੄ ੸ܻޛ

੗ੋٜܐ షࢿ੉ա ੼ష ,ࢎ޷ ,ېݽ ೣ۝ חژ ਊ੸

աب޻ 33 kPa, 1500 kPaীࢲ੄ షনࣻ࠙ ೣ۝ ੗ܐ

ܳ о૑Ҋ VGM੄ ੋࣻ߸ѐݒ Ko(effective saturated

hydraulic conductivity), θr(residual soil water

content), θs(saturated soil water content), L, n,

m(=1-1/n)ਸ ৘ஏೞח ۽ഋਵݽ Ҵ޷ ࢿޖ֪

(USDA-ARS)ীࢲ ѐߊೠ ೐۽Ӓ۔੉׮. Rosettaܳ

੉ਊೞৈ 10kPaীࢲ੄ ࠛನചܻࣻ੹ܳبب ৘ஏೞ৓

ೠژ .׮ Gardner৬ Wooding੄ ഋਸݽ ӝ߈ਵ۽ ೞৈ

ٜ݅য૓ ੢۱ஜై҅੄ ನചܻࣻ੹بب чਸ Gardner

धী ੸ਊೞৈ 1, 3, 5, 7 kPaীࢲ੄ ࠛನചܻࣻ੹ب

ب чਸ 17ѐ షনాਸ ۽ਵ࢚؀ ೞৈ ҳ೮׮. షনࣻ

࠙ potential੉ 3 kPaীחࢲ ੄ޛ ੉ز੉ Ѣ੄ হח

షনٜ੉ ੓঻ؘח ೧߈ թ҅ాਸ ೠ܃࠺ ೟ҋా, ഥ

ҋా, ࢚ ,ా࢑ߔ઱ా, ࢳୌా, ৘ా࢑ ١ 7ѐ੄ షন਷

3 kPaীبࢲ ডр੄ ੄ޛ ੉ز੉ ੓঻ژ .׮ೠ, 1 kPa

ীࢲ ੄ޛ ੉ز਷ ࢲпాী࢖ 40.8×10-5 cm·sec-1۽

੉ز оبࣘ о੢ ஼ਵݴ Ӓ ۽ٍ ৘ా࢑, ചాࠉ, ೟

ҋా, ా࢑ߔ ١੉ షনীࢲ ܲࡅ ۽بࣘ ੉زೞ৓׮.

оୌా੉ա ୌాࢳ ߂ ਋ҋా਷ 1 kPaীࢲ੄ ੉ز ࣘ

оب ই઱ ܽו షনਵ۽ PTF৬ .׮঻غױ౸ VGݽ

ഋী ੄೧ ঳য૓ 10 kPaীࢲ੄ ࣻ࠙ೣ۝ ৘ஏ чਸ

VGM ݽഋী ੸ਊ೧ ࠛನചܻࣻ੹ܳبب ҳ೮ਸ ,ٸ

VGݽഋী ੄ೠ ৘ஏ ч਷ ઓ੤ೞח ݶ߈ PTFী ੄

Fig. 4. Comparison of unsaturated hydraulic conductivity by Gardner & VGM at 1 kPa.
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ೠ ч਷ Ѿஏ ч੉ ઓ੤೧ Ӓ ੸ਊী ೠ҅о ੓঻׮.

ӒܻҊ 1 kPaীࢲ ࠛನച ܻࣻ੹ܳبب VGM ݽഋ

ਵ۽ ৘ஏೠ чҗ ஏ੿ػ чਸ Gardner ݽഋਵ۽ ೧

ೠࢳ чਸ Ү೮ਸ࠺ ٸ ੗т੉ হח షনীחࢲ ੌ੿

ೠ ҃ೱ(exponential ೣࣻ)੉ ઓ੤ೠ ੗т੉ ,ݶ߈ ੓

ח షনীחࢲ ҃ೱਸ Ѽೡߊ ࣻо হ঻׮. ੉࢚੄ Ѿ

җ۽ ࠛನച ܻࣻ੹بب ౠࢿಣоী ؀ೠ VGM ݽഋ

੄ ੸ਊࢿਸ ওਸࠁಝ࢓ חٸ ਋ܻաۄ৬ э੉ ࢎ҃

૑о ݆Ҋ షब੉ Ө૑ ঋਵࢲݶ ੗тೣ۝੉ ݆਷ ష

নীחࢲ ೠ҅о ੓ਸ Ѫਵ۽ .׮঻غױ౸

хࢎ੄ Ӗ

ࠄ োҳח ӝࣁ21 ೐ۿ౭য োҳѐߊ সੋࢎ ࣻ੗

ਗ੄ ૑ࣘ੸ ഛࠁӝࣿѐߊ ੄ױসࢎ োҳ࠺૑ਗী ੄

೧ ࣻ೯غ঻ण׮פ.
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