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부산 해안도시 지역에서 자연적ㆍ인위적 요인을 고려한

지하수 함양량 산정

양 성 일

부 경 대 학 교 대 학 원 환경지질과학과

요 약

본 연구에서는 해안도시 지역에서 토지이용 및 기후 변화에 따른 실제증

발산량을 산정하고,실제증발산량과 기상인자들 간의 관계에 대해 분석하

였며,지표유출량,해안․기저유출량,지하수 이용량(생활용,공업용,농업

용,기타),상․하수도 누수량,지하철 역사 및 전력구 터널 유출량을 고려

하여 지하수 개발가능량을 산정하였다.연구지역은 부산광역시 수영구이며,

서쪽은 금련산과 배산이 위치하고,북쪽으로는 연제구와 접하고,동북쪽으

로는 수영강이 흐르고,남쪽으로는 해안에 접하고 있다.실제증발산량은 강

수량,잠재증발산량 및 증산작용계수를 구하여 산정하였다.본 연구에서의

잠재증발산량 산정에 필요한 기상인자들은 대기온도,이슬점온도,대기압,

일조시간 및 평균풍속 등이다. 실제증발산량은 2002년에는 554.14

mm/yr,2005년에는 427.91mm/yr로 산정되었으며,실제증발산량과 잠재

증발산량의 변동양상은 유사하게 나타났다.증발산량과 기상인자 간의 영

향성을 분석하기 위해,상관성분석이 수행되었다.실제증발산량과 잠재증발

산량 간의 상관계수는 0.98로서 매우 높았으며,실제증발산량 및 잠재증발

산량과 강수량의 상관성은 매우 낮은 것으로 나타났다.실제증발산량 및

잠재증발산량과 평균풍속 간의 상관계수는 각각 0.73과 0.67로서 기상인자

중 가장 높은 것으로 나타났다.이는 본 연구지역에서 증발산량의 변동에

가장 큰 영향을 미치는 기상인자가 평균풍속임을 의미한다.연구지역은 도
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시화로 인한 불투수층(대지,도로 등)의 증가로 지표유출량이 강수량의

49.8% 로 매우 높은 값을 나타내었다.연구 지역은 지하수에 영향을 미치

는 요인으로서 주민의 지하수 공에서 직접 양수를 통한 이용,상․하수도

의 노후로 인한 누수,지하철 역사에서의 지하수 유출,전력구 터널 공사로

인한 지하수 등이 있다.지하수개발가능량은 강수량,지표유출량,실제증발

산량의 순으로 영향성을 나타내었다.이는 도시화로 인해 강우가 불투수층

(대지,도로 등)에 의해 지표면 하로 침투를 하지 못하게 되기 때문이다.

물이 부족한 시대에 살고 있는 현재 지하수를 보전․관리하고 효율적으로

이용하기 위해서는 자연적인 요인(증발산,기저유출,해안유출)과 인위적인

요인(도시화에 의한 지표유출,지하수 이용,상․하수도 누수,지하철 역사

및 전력구 터널 유출)을 고려하여야 하며 각 요인들의 정확한 값을 산정하

는 것은 필수적이다.
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Ⅰ.Introduction

Theshortageofwaterresourcesresultingfrom recklesswateruse

andindustrialactivityhasbecomeaseriousproblem tohuman.National

policyaswellasconsciousnessforlastingprocures,managementand

stableuseofwaterresourcesarepreferentiallynecessary,forwhicha

practicalandquantitativeresearchonwaterresourcesisessential.

Groundwater is being filled by precipitation. The groundwater

rechargeisestimated by precipitation,evapotranspiration,runoffand

baseflow (DomenicoandSchwartz,1998;Fitts,2002;ToddandMays,

2005).Evapotranspirationcausedbyevaporationandtranspirationisone

offactorsforestimationofthegroundwaterrecharge(Arya,2001).The

quantitativeestimationofevapotranspirationtoseparateevaporationand

transpirationinthecurrentstudylevelisimpossible.Thecalculationof

evapotranspiration has been proposed by several researchers

(Thornthwaite,1944;Penman,1948;BlaneyandCriddle,1950;Moneith,

1965;Allenetal.,1998).

The evaporation means the change from liquid orsolid state of

mattertothegas.Thetranspiration meansinhaled waterfrom the

plantrootsisaevaporatedphenomenonthroughtheporesoftheleaves.

Watervaporemissionratebyevaporationandtranspirationisestimated

by aggregating total evapotranspiration (Arya, 2001). The actual

evapotranspiration can be estimated by potentialevapotranspiration,

precipitation and the plant-available watercoefficient(Zhang etal.,

2001).Theprecipitationandplant-availablewatercoefficientareeasily
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obtained,butthe potentialevapotranspiration should be considered

variousweatherfactors(Allenetal.,1998).Thus,realisticandreliable

estimationofpotentialevapotranspirationisveryimportantandmany

studiesrelatedestimationofpotentialevapotranspirationwereconducted

(Thornthwaite,1944;Penman,1948;BlaneyandCriddle,1950;Moneith,

1965;Allenetal.,1998).

Indomestic,waterbalanceresearchaccordingtochangeoflanduse

was started in the mid-1990s.Itwas developed by a spatialand

temporal heat flux technique or estimation technique of

evapotranspiration using remote sensing data and geographic

informationsystems(Ahnetal.,1995),relativeevapotranspirationratio

intheurbanareaswasestimatedbyusinghigh-resolutionLANDSAT

TM dataappliedtosurfacemoisturestatusalgorithm (Kim etal.,2006).

Evaporanspiration isdefinedasthepotentialevapotranspiration,itis

thatsoilsurfacetypeissuitableforwaterevaporationaswellassoil

layer is saturated (Arya, 2001). The researches on potential

evapotranspirationwerethatagrid-basedwaterbalancemethodwas

proposed to analyzethespatialdistribution ofrecharge,which was

appliedtoWoedocatchmentinthenorthernareaoftheJefuIsland(An

etal.,2006),and the annualpotentialevapotranspiration in region

having56climateobservationwasestimatedtoanalyzetheeffectof

climatechangeduetourbanization(Rim andChae,2007).Availabilityof

climate change due to urbanization was analyzed for FAO

Penman-Monteith evapotranspiration.Thechange degree ofpotential

evapotranspiration had been influenced by urbanization,temperature
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increasing duetoheatislandphenomenonandreduceshumidity and

wind speed due to the effectofthe increase ofresidentialareas,

especiallywindspeed(Rim,2007).

Studies on evapotranspiration were starting in the 1940s from 

abroad. Thereweremethodstoestimateactualevapotranspiration;a

method to estimate consumptive use considered the weatherfactor

(Thornthwaite,1944);amethodusingtheoreticalmethodaccordingto

conservation ofenergy (Penman,1948);a method using relationship

withmonthlymeantemperature,daylengthandcomsumptiveusedon

theassumptionthatwaterconsumptionbyplantswereonlyaffectedby

theclimateandthetypesofplants(BlaneyandCriddle,1950);Penman

method became Penman-Monteith method by using the factors of

weatherconditions ofday and night(Moneith,1965).In the U.S.

north-eastarea,the6estimationmethodsofpotentialevapotranspiration

(Thornthwaite,1944;Makkink,1957;Turc,1961;Hamon,1963;Priestley

andTaylor,1972;HargreavesandSamani,1985)werecomparedaswell

as analyzed,and itwas quantified.This was reported thatTurc,

HamonandPriestley-Taylormethodswereconfidence(Luetal.,2005).

It performed the sensitivity analysis between potential

evapotranspiration estimatedby using FAO Penman-Monteith method

and meteorologicalfactors on seasonaland localchanges in three

separateYangtzeRiverYangtzeRiverbasin(upper,middle,lower).The

upperregionwasinfluencebyrelativehumidity,themiddleandlower

regionswereinfluenceby meanwindspeed(Gongetal.,2006).

Park (1996a)had made domestic groundwaterrecharge estimation
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conception and techniques,and then applied toHan River,Nakdong

River,Geum River,and the Yongsan Riverbasin.Unlike previous

studies,itwasperformedaresearchrelatedtooptimum yieldandwater

balancestudybyusingwirednetworksanalysis,waterbalanceanalysis

andHilllaw inalimitedarea;KeunchonWellField(Hahnetal.,1988).

Parketal.(2007)proposedasimpleequationofgroundwaterrecharge

usedatthebasicplanningstepofgroundwateroptimalmanagementin

thecoastalareas.

In this paper,changes ofactualevapotranspiration according to

changesinlanduseduetourbanizationwerecomparedandanalyzed

from 1999to2007inacoastalarea,Suyeong-gu,Busan.Furthermore,

itsinfluencewasclarifiedthroughregressionanalysisandcorrelation

between meteorological factors. Runoff, coastal runoff, baseflow,

groundwater usage,leakage of water supply・sewage,groundwater

discharge from subway station and electronic cable tunnelwere

considered to estimate groundwater recharge. In order to use,

conservationandmanagementofgroundwater,thispaperinvestigated

the exact value of each factor because natural factors

(evapotranspiration,baseflow,coastalflow)andartificialfactors(runoff,

groundwater use, leakage of water supply・sewage, groundwater

discharge from subway and electronic cable tunnel) should have

properlybeenconsidered.
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Ⅱ.Studyarea

The study area,Suyeong-gu,Busan ofthe Metropolitan city is

locatedin129°05'40"~129°08'08"inthelongitudeand35°07'59

"~35°11'01"inthelatitude.Thewidthofthestudyareais3.6km,

anditslengthisabout5.3km (Fig.1).The east of the study is 

located in the Sugyeong River and Mt. Kuumryun to the west is 

bounded. SuyeongBayisformedtothesouth,andMt.Baeisbounded

tothenorth.Theoveralltopographyofthestudyareaisformedahigh

tothewestandnorth,becauseofthis,precipitationoutflowsdirectlyto

thesouthSuyeongBayortotheeastofSuyeongRiver.
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Fig. 1. Studyarea.

Landusedatausedinthisstudywassurveyedfrom 1999to2007

years.Itwasclassifiedasbuilding,forest,roads,waters,dry,rice,park,

graveandothers(Table1,Fig.2).ThetotalareaofSuyeong-guwas

increasedof0.055km
2
in2007than1999.Themostoflanduseareain
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Suyeong-guwasbuildingincreasedof0.06% in2007than1999.Forest

andwatersdecreasedby0.97% and0.05%,respectively,andtheroad

wasa0.13% increasein2007than1999.ThetotalareaofSuyeong-gu

wasgrowing,butforestand watersduetourbanization had being

reduced (Suyeong-gu District Office,2008).Others were factory, 

school, parking lot, gas station, warehouse, religion sit, and 

historical sites and so on. Themostsurfacewascoveredwithasphalt

orconcrete.Others were more than 5 % ofSuyeong-gu and it

increasedof5.60% in1999and6.37% in2007duetourbanization.

Year
Area

(㎢)

Building

(%)

Forest

(%)

Road

(%)

Waters

(%)

Dry,Rice,

Park,Grave

(%)

Others

(%)

1999 10.16 50.99 24.92 15.12 2.37 1.00 5.60

2000 10.16 51.28 24.62 15.11 2.36 0.99 5.64

2001 10.16 51.33 24.58 15.16 2.34 0.96 5.63

2002 10.16 51.21 24.57 15.18 2.34 0.95 5.75

2003 10.16 51.20 24.56 15.22 2.33 0.94 5.75

2004 10.21 51.08 24.47 15.29 2.36 0.96 5.84

2005 10.21 51.12 24.42 15.26 2.36 0.95 5.89

2006 10.21 51.14 24.36 15.29 2.35 0.95 5.91

2007 10.21 51.06 23.95 15.25 2.32 1.05 6.37

Avg. 10.18 51.16 24.49 15.21 2.35 0.97 5.82

Table1.AreaoflanduseintheSuyeong-gu
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Fig.2.LandcovermapoftheSuyeong-gu(EGIS,2008).
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Ⅲ.Sustainabledevelopmentyield

The groundwater recharge is estimated with the mostscientific

methodintheconsideredarea,andthensustainabledevelopmentyield

defines as the optimalquantity without harmfulinfluence ofthe

undergroundenvironmentinthecurrentlyavailablearea.Therefore,the

mostimportantvariablewhenestimating thesustainabledevelopment

yieldistheestimationofgroundwaterrecharge.

Themostcommonlyusedmethodofsustainabledevelopmentyield

estimationisthewaterbalancemethod.Thewaterbalancemethodis

estimated the sustainable development yield if precipitation,

evapotranspiration,runoff,baseflow (and coastalflow),groundwater

rechargeandinflow andoutflow rateofgroundwaterfrom theoutside

basinismaintained(HahnandHahn,1999).

   ± 

,where :Sustainabledevelopmentyield

 :Precipitation

 :evapotranspiration

 :Runoff

 :Baseflow (andcoastalflow (CF))

 :Inflow andoutflow rateofgroundwaterfrom theoutside

basin



- 10 -

Inflow andoutflow rateofgroundwaterfrom theoutsidebasininthe

studyareawasappliedtogroundwateruse,leakageofwatersupply・

sewer,groundwaterdiscahrgefrom subwayandelectroniccabletunnel.

1.Potentialevapotranspiration

Theevapotranspirationestimationisthesum ofevaporationfrom the

surfaceand transpiration from plants.Itisaffected by theclimate

factors,planttype,colorconcentration,plantdensity,growthrate,the

size ofthe plantleafsurface as wellas soilporosity,hydraulic

conductivity,particlesize,soilmoisturecontent,etc.Themethodsfor

evapotranspirationestimationaretheBlaney-Criddle,theThornthwaite

method,thePenman Method and the FAO Penman-Monteith (FAO

P-M)method.

1.1.Blaney-CriddleMethod

Therelationshipofmonthlymeantemperature,daylengthandplant

consumptiveuseisexpressedbythefollowingequationassumingwater

consumptionisonlyaffectedbytheclimateandplantstype(Blaney

andCriddle,1950).

 


  
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,where :Consumptiveuse(inch)

 :Cropfactor

 :Meantemperature

 :Ratiobetweenmonthandannualdaylength(%)

 



From the upper equation, the plant consumptive use can be

representedasafunctionofdaylengthandtemperature.Becausethe

energyrequiredtoheattheairaswellastheenergyrequiredforplant

growth and transpiration always have a fixed rate in the upper

equation.Therefore,theplantconsumptiveusecanbeestimatedduring

theplantgrowthinthefollowingequation.

    

Where, isthesum forgrowthterm.K isdifferentdependingon

theplant,butitisrepresentedasthefollowingtablebyBlaney-Criddle

method.
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Mon.

Lat.
1 2 3 4 5 6 7 8 9 10 11 12

20 7.57 7.85 8.26 8.67 9.02 9.15 9.08 8.97 8.40 8.05 7.71 7.50

30 7.16 7.57 8.19 8.81 9.36 9.36 9.57 9.02 8.47 7.85 7.30 7.02

40 6.61 7.23 8.12 9.08 9.84 9.84 10.05 9.36 8.53 7.64 6.81 6.40

Table2.Ratiobetweenmonthandannualdaylength(%)

Planttype Growthperiod Cropfactor

Alfalfa 1year(withwinter) 0.85

Corn 4month 0.75

Bean 3month 0.65

Orchard․Grass 1year(withwinter) 0.65~0.75

Wheat․Oat 3month 0.75

Table3.Cropfactor(K)

1.2.ThornthwaiteMethod

Thismethod isestimated theplantconsumptiveusesuch asthe

Blaney-Criddlemethod.However,thefactorsaccording to theplant

typewerenotrepresentedtotheequationwiththetemperatureandday

length(Thornthwaite,1948).

Forayear,ifmeantemperaturesare ℃ (n=1,2,3,...,12Mon),

themonthlyheatindex,jcanberepresentedasthefollowingempirical

equation.
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  
 

Therefore,becausetheannualheatindexisthesum tomonthlyheat

index,sotheannualheatindexisthefollowingequation.

  
  



 

If the mean temperature is ℃, any monthly potential

evapotranspiration  (plant consumptive use) is the following

equation.

   
 

,where :PlantconsumptiveuseorPotentialevapotranspiration

 :Meantemperature(℃)

 :Annualheatindex

aisestimatedbythefollowingequation.

  ×
    ×    ×    

When  is30days(1month),andthedurationofsunshineis12

hours,theupperequationcanbeexpressedbythefollowingequation,
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Thatis

  
 

  

Because  is the theoreticalvalue of the monthly potential

evapotranspiration,evapotranspirationforaparticularmonththatisthe

averagetemperature℃ isrevisedtothefollowingequation.

  ×




,whereD:Numberofdayoftherelativeseason

1.3.PenmanMothed

Thetheoreticalmethodsofevapotranspirationwereusedtotheair

dynamicalmethod and energy conservation law,butin thecaseof

evapotranspirationtheairdynamicalmethodcanbenotusedbecauseof

considered evaporation from the plants surface.In the theoretical

method,theevaporationandtranspirationmustbeestimatedfrom the

free watersurface and plantsurface.Therefore,estimation ofthe

evapotranspirationisavailabletothetheoreticalmethodbytheenergy

conservationlaw (Penman,1948).

The energy conservation law can be represented the following
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equationconsideringtheenergyrequiredfortranspiration.

    ∆ 

,where    :Totalamountofusedsolarenergy

 :Energyconductedfrom plantstosoil

 :Energyusedinevapotranspiration

 :Radiantenergyemittedintotheatmosphere

 :Energyspentonplantgrowth(carbonassimilation)

∆ :Changes in temperatureofplants (change in the

amountofstorage)

However,morethan95% ofthevalueof and areoccupiedin

theaboveexpressionforeachfactor.Thefollowingequationcanbe

representedbecausefactorsoftheremaining ,,and∆ arejust5

%.

   

Penmanassumedthat canbeestimatedbytheconceptwhichis

 isthesameasevaporationofthefreewatersurface.So, is,

and and arerepresentedlikethefollowingequationbyapplyingto

airdynamicalmethod.

     
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  ′    

,where :Functionofwindspeed

′ :1gradientfor of

, :Temperatureoftheobjectsurfaceandatmosphere(To:

dew-pointtemperature)

 :Saturatedvaporpressureofwateron

 :Vaporpressureofwateron

 :Constanthumiditymeasurements(=0.486mmHg/℃)

Inaddition,gradient∆ canbeexpressedasthefollowingequationin

therelationshipbetweenvaporpressureandtemperature.

∆  

  


When  issaturatedvaporpressureon and ′≒.Itcanbe

organizedtothefollowingequation.

 ∆ 

∆∙


Thefollowingequationwith equationproposedbyPenmanis.
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        

Where,theunitof iskm/hour, ismm/day, aswellas are

mmHg.Penmanproposedthefollowingequationtoestimateabove.

      
    

  

,where :SolarenergyreachingtheEarth'satmosphere

 :Durationofsunshine

 :Maximum lengthoftheday

 :Stephan-BtotzmanConstant

 :KelvinTemperature

 :Vaporpressureabove2m from surface

TheevapotranspirationestimatedbyPenmanmethodisthemaximum

evapotranspirationincaseofunlimitedsuppliesofwater,sothereis

differentfrom theactualquantityconsumedbyplants.Moistureneeded

forplantgrowthhasnotthemaximum valueaswellasactualamount

ofthewaterinthesoilislimited,sothevalueofevapotranspirationby

Penmanmethodshouldberevised.

 valueofPenmanmethodandconsumptionoftheplantshavethe

followingrelationship.

   
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Also,becausetheconsumptionofplantsisdifferenttodependingon

the plants growth, Penman proposed multiplied by the  and

coefficientsof0.8inMay~August;0.7inMarch,April,Septemberand

October;0.6inNovember~February.

1.4.FAOPenman-MonteithMethod

Theactualevapotranspirationisthesum oftheevaporationfrom the

surfaceintotheatmosphereandplanttranspirationtotheatmosphere

by theactivity oftheleaves.Theactualevapotranspiration can be

estimated by using potentialevapotranspiration,precipitation and the

plant-availablewatercoefficient(Zhangetal.,2001),theequationis.
















,where istheactualevapotranspiration, istheplant-available

watercoefficient, isthepotentialevapotranspirationand isthe

precipitation.

Thepotentialevapotranspirationoftheequation(18)isestimatedby

equation(19)(Allenetal.,1998).
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 
∆  

∆  


    



,where∆ :Slopevapourpressurecurve

 :Netradiation

 :Soilheatfluxdensity

 :Psychrometricconstant

 :Meandailyairtemperatureat2m height

 :Windspeedat2m height

 :Saturationvapourpressure

 :Actualvapourpressure

(  ):Saturationvapourpressuredeficit

∆ 

×



×exp

× 


    

,where :Netsolarorshortwaveradiation

 :Netoutgoinglongwaveradiation

    
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 :Albedo.

    ×
 × 

,where  : Regression constant, expressing the fraction of

extraterrestrialradiationreachingtheearthonovercastdays

 :Actualdurationofsunshine

 :Daylighthours

  :Fractionofextraterrestrialradiationreachingtheearth

oncleardays(  )

 


 sin sin  coscossin    

,where :Extraterrestrialradiation

 :Solarconstant=0.0820

 :InverserelativedistanceEarth-Sun

 :Sunsethourangle

 :Latitude

 :Solardecimation

  ×cos

 

,where isthenumberofthedayintheyearbetweenIJanuaryand
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365or366(31December).

  arccos tan tan  

  × sin

  

  






m ax  
m in   


×   × ×


  

,where :Stefan-Boltzmannconstant

m ax   :Maximumabsolutetemperatureduringthe24-hourperiod

m in   :Minimumabsolutetemperatureduringthe24-hourperiod

 :Measuredorcalculatedsolarradiation

 :Calculatedclear-skyradiation

    × 

   ×ln ×  




,where :Windspeedat2m abovegroundsurface

 :Measuredwindspeedatzm abovegroundsurface

 :Heightofmeasurementabovegroundsurface

  ×
 × 
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 istheatmosphericpressure.

 

 m ax  
 m in 



   ×exp





× 


 

  isthesaturationvapourpressureattheairtemperature.

  
    ×exp





×





 

 :Dewpointtemperature.

1.5. Comparison of potential evapotranspiration

estimation

(1)Blaney-CriddlemethodandThornthwaitemethodhavealmostthe

samequantitybecausethosemethodsareusingthesimilarresultsof

the estimation.This method is designed to estimate the annual

consumptionplants.Therearerisksinashort-term valuebecauseof

notconsidering the error ofestimation ofthe wind and relative

humidity.ThecropfactorK shouldbeadjustedbydependingtoearly,
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middleandendperiodofplantsgrowth.Thecropfactorsappliedby

thosemethodsalsodependedonthegrowthperiodofplants.

(2)Blaney-Criddlemethodhasthecorrectvaluewhencomparingto

Thornthwaitemethodinthecaseofthearidregions.

(3)Penman methodismorecorrectthanBlaney-Criddlemethodor

Thornthwaitemethod,buttherearelimitstoapplybecauseitneeds

moreaccurateweatherdata.Theenergyinthecriticalareacancause

errors,becausePenmanmethodignorestheenergyexchangeforthe

amountofinandoutwaterofareservoir(SunwooJungho,1983).

(4) Recently,a new method for the potentialevapotranspiration

estimation has been used FAO Penman-Monteith method with

combination ofthe Penman-Monteith and various parameters.This

methodisassumedcropheightof0.12m,afixedsurfaceresistanceof

70sm
-1
.FAO P-M overcomesproblemsoftheP-M andoffersthe

values ofthe actualcrops.The FAO Penman-Monteith method to

estimate evapotranspiration can be derived from the original

Penman-Menteithequationandtheequationsoftheaerodynamicand

surfaceresistance(Allen,1998).

2.Actualevapotranspiration

Parametersforthepotentialevapotranspirationestimationare,mean
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dailyairtemperatureat2m height,,meanmaximum temperature,

,mean minimum temperature, ,atmospheric pressure, ,

dewpointtemperature,,durationofsunshineand,meanwind

speed.Themean temperature,mean maximum temperatureanddew

pointtemperaturewerethehighestin2001,butwasthelowestin2005.

Themeanminimum temperaturewasthehighestin2007,butwasthe

lowestin2005.Thedurationofsunshinewasthelongestin1999and

shortestin2003.Themeanwindspeedwasthelowesthaving the

same value in 2004,2005 and 2006,butwas the highestin 2002

(Suyeong-guDistrictOffice,2008).

Year


(°C)



(°C)



(°C)



(kPa)



(°C)



(hr)



(m/sec)

1999 15.0 19.2 11.8 101.53 7.8 6.73 3.58

2000 14.9 19.2 11.6 101.51 7.8 5.51 3.56

2001 15.3 20.0 12.0 101.53 8.2 5.66 3.61

2002 14.7 18.9 11.4 101.51 7.2 5.54 3.88

2003 14.3 18.5 11.2 101.58 7.5 5.06 3.17

2004 14.9 19.3 11.5 101.57 6.5 6.58 3.10

2005 13.8 18.1 10.5 101.54 5.4 6.62 3.05

2006 14.7 18.9 11.4 101.55 7.0 6.02 3.11

2007 15.3 19.1 12.4 101.53 7.5 6.00 3.26

Table4.MeteorologicaldatausedtoestimatePETintheSuyeong-gu

Theplant-availablewatercoefficientwas"0"inimpermeablelayer,
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"0.5"inDry,Rice,Park,Grave,"2.0"inForestand"1.076"inwaters

(Zhangetal.,1999).Theplant-availablewatercoefficientwasclassified

accordingtolanduse.TheareasofclassifiedlandswereintheTable

5.TheareaofBuilding,Roadandothers(w=0)inSuyeong-guranged

between71.7to72.7%,andtheareaofforest(w=2.0)rangedbetween

24.0to24.9%.Theareasinprogressurbanizationlikethisstudyhave

a low plant-available water coefficient due to reducing of the

transpirationbyplants(Zhangetal.,2001).

Year

Building,

Road,Others

(w=0)

Dry,Rice,

Park,Grave

(w=0.5)

Forest

(w=2.0)

Waters

(w=1.076)

1999 0.717 0.010 0.249 0.024

2000 0.720 0.010 0.246 0.024

2001 0.721 0.010 0.246 0.023

2002 0.721 0.010 0.246 0.023

2003 0.722 0.009 0.246 0.023

2004 0.722 0.010 0.244 0.024

2005 0.723 0.010 0.2443 0.024

2006 0.723 0.010 0.243 0.024

2007 0.727 0.011 0.239 0.023

Table5.“”valuesandareaswithlanduse

Thepotentialevapotranspiration and actualevapotranspiration were

summarizedinTable6,ratiosofthedifferencebetweenthepotential

evapotranspiration and actualevapotranspiration wereestimated.The
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precipitationin1999,2002andin2003weremorethan2,000mm/yr,

and it was the lowest in 2001; 1171.3 mm/yr. The potential

evapotranspirationin2002wasthehighest(564.45mm/yr),anditwas

the lowest in 2003 (449.95 mm/yr). In 2002, the actual

evapotranspiration wasthehighest(554.14 mm/yr),and itwasthe

lowest in 2003 (427.91 mm/yr).The fluctuation of the potential

evapotranspiration andactualevapotranspiration wassimilar,and the

differencewasbetween10.31~39.94mm/yr.Itwasthelowestin2002,

whilethehighestin2000.Theratioofpotentialevapotranspirationand

actualevapotranspiration was higherthan 0.92,itwas a 0.98,the

highestin2002and2006.

Inthisstudy,thedifferenceofpotentialevapotranspirationandactual

evapotranspirationwassmallandtherelativeratiowashigh.Itwas

because ofincreasing urbanization in the large areas having w=0

(building, road, others). The fluctuation of the potential

evapotranspiration and actual evapotranspiration was similar, but

changesinprecipitationandactualevapotranspirationshowedadifferent

pattern(Fig.2).Theactualevapotranspirationinthestudyareawas

moresensitivetochangesinactualevapotranspirationthanprecipitation.

Fig.3showstherelationshipbetweentheactualevapotranspiration

and mean wind speed.The fluctuation ofactualevapotranspiration,

exceptin2004,wasshownthesameasthechangesinwindspeed.In

addition, the relationship between actual evapotranspiration and

temperatureisrepresented(Fig.3).Changeofactualevapotranspiration

depending on thetemperature,exceptin 2002,isshowed thesame
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pattern.Inotherwords,theactualevapotranspirationishighlyaffected

bythemeanwindspeedandtemperature.

Year P PET AET PET-AET AET/PET

1999 2396.7 516.71 489.45 27.26 0.95

2000 1248.5 499.95 460.00 39.94 0.92

2001 1171.3 540.98 523.43 17.55 0.97

2002 2085.2 564.45 554.14 10.31 0.98

2003 2328.3 449.95 427.91 22.05 0.95

2004 1386.5 521.37 497.42 23.96 0.95

2005 1383.9 482.07 467.21 14.86 0.97

2006 1528.3 484.74 473.21 11.54 0.98

2007 1276.5 515.18 480.52 34.66 0.93

Avg. 1645.0 508.38 485.92 22.46 0.96

Table6.EstimatedPETandAETusingmeteorologicaldata(mm/yr)
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Fig.3.MonthlyvariationsofPrecipitation,PETandAET.
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Fig.4.AnnualvariationsofPrecipitation,AET,MWSandTemperature.

The actual evapotranspiration is a function for the potential

evapotranspirationandprecipitation(Zhangetal.,2001).Inthestudy

area,the actualevapotranspiration was dominated by the potential

evapotranspiration ratherthan theprecipitation.Thelinearregression

functions for the actual evapotranspiration and the potential

evapotranspirationwasestimated(Fig.4,5).

Thelinearregressionfunctionfortheactualevapotranspirationand

the potential evapotranspiration using the monthly data was
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  ×,andthecoefficientofdeterminationwas0.75,

high.Thelinearregressionfunctionfortheactualevapotranspiration

and the potential evapotranspiration using the annual data was

  × ,andthecoefficientofdeterminationwas0.92,

veryhigh.

Inthisstudy,thegradientfortheactualevapotranspirationandthe

potentialevapotranspirationwas0.87inmonthand1.04inyear.Itis

because data used in the regression analysis were different.The

function for the actual evapotranspiration and the potential

evapotranspirationinthestudyareawasshownthatthelinearmodel

wassuitabletothemonthlyandannualscale,andthecoefficientof

determination was high because of the low variation of the

evapotranspirationinannualscale.
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Fig.5.ThelinearregressionfunctionsformonthlyaverageofAETand

PET.
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Fig.6.ThelinearregressionfunctionsforannulaverageofAETand

PET.

2.1.Correlationanalysis

Correlations analysis between the evapotranspiration and the

meteorologicalfactors were performed and the estimated correlation

coefficientsweresummarizedinTable7.
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The correlation coefficient of the actual evapotranspiration and

potential evapotranspiration was 0.96, high, but the correlation

coefficientof1)theprecipitationandactualevapotranspiration;2)the

precipitation and potential evapotranspiration were very low,

respectively.InSuyeong-gu,thecoastalurbanareas,theinfluencefor

thepotentialandactualevapotranspirationandthemeanwindspeed

washigherthanothers,andthecorrelationcoefficientswere0.73and

0.67.Andthentherelationshipoftheatmosphericpressurewashigher,

thecorrelationcoefficientsfortheactualevapotranspirationandpotential

evapotranspirationwere-0.52and-0.62.Itisbecausemoresaturated

vapor pressure is increasing more evapotranspiration is decreasing.

Theinfluenceofthemeanmaximum temperaturewashigherthanthe

meandailytemperatureonevapotranspiration,thecorrelationbetween

themeanminimum temperatureandevapotranspirationwasrelatively

low.The evapotranspiration in the coastalurban areas is caused

predominantlybythemeanwindspeedthantheothermeteorological

factors such as precipitation and temperature.Gong etal.(2006)

reportedthatthemostsignificantmeteorologicalfactorsforestimating

the evapotranspiration variation was the relative humidity in China

YangtzeRiverbasin,alpine(averagealtitude3000m),butthesame

areaoftheYangtzeRiverclosetothelowlands(averagealtitude100

m)wasmeanwindspeed.

Thelinearregressionanalysisofthewindspeed,temperatureand

saturatedvaporpressureandthepotentialevapotranspirationandactual

evapotranspirationwereperformedtoestimatetheregressionfunctions.
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Thelinearregressionfunctiongradientforthemeanwindspeedand

the potential evapotranspiration and actual evapotranspiration in

Sugyeong-gu,respectively,wasabout85and84,thecoefficientsof

determinationbetweentheraw dataandtheestimatedfunctionswere

0.54 and 0.45,respectively (Fig.9,10).According to theestimated

linearfunction,theevapotranspirationwasincreasingover84mm/yr,if

themeanwindspeedwas1m/sechigher.

The linearregressions forthe evapotranspiration and mean daily

temperature and mean maximum temperature in this study were

increasing (Fig.11,12,13,14).The change in evapotranspiration

according tochangesinthetemperaturewashighertothepotential

evapotranspirationthantheactualevapotranspiration,showed17% by

mean maximum temperature and 12 % by mean daily temperature

difference,respectively.InRajasthan,Indiaduring32years(1971-2002),

thefluctuationofevapotranspirationbytemperaturewasthehighest.In

addition,itwaspredictedthatevapotranspirationduetoglobalwarming

wouldbeincreasedtocontinue(Goyal,2004).

IntheStudiesinthegeneral,atmosphericpressure()hadinverse

relationshiptotheevapotranspiration(SinghandXu,1997).Thelinear

decreases of the potential evapotranspiration and actual

evapotranspiration due to the increase ofatmospheric pressure in

Suyeong-guwereoccurred(Fig.15,16).Thevaporizedmoisturefrom

the soil surface and water surface is more evaporated if the

atmospheric pressure is lower.Therefore,evapotranspiration willbe

reducedifhavingthesameconditionsofotherfactorsrelatedtothe
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evapotranspiration atthe high atmospheric pressure region.In this

study,thedecreaseofthepotentialevapotranspirationaccordingtothe

atmosphericpressurewashigherthantheactualevapotranspiration.It

is means that the potentialevapotranspiration to changes in the

atmosphericpressurewasmoresensitive.

　 P PETAET T AP TMAXTMIN DT MWS DS ES Ea

P 1.00-0.13-0.06-0.240.19-0.34-0.180.14 0.25-0.11-0.68-0.21

PET 1.000.960.57-0.620.60 0.470.290.73 0.14 0.47 0.22

AET 1.00 0.40-0.520.48 0.300.150.67 0.13 0.37 0.09

T 1.00-0.340.91 0.970.78 0.45-0.040.75 0.61

AP 1.00-0.27-0.31-0.31-0.760.03-0.33-0.47

TMAX 1.00 0.790.72 0.46-0.030.88 0.69

TMIN 1.000.77 0.39-0.100.65 0.54

DT 1.00 0.62-0.510.54 0.83

MWS 1.00-0.300.29 0.56

DS 1.00-0.10-0.45

ES 1.00 0.73

Ea 1.00

Table7.CorrelationcoefficientsbetweenETandmeteorologicalfactors

#Es:Meansaturationvapourpressure;Ea:Actualvapourpressue
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Fig.7.ThelinearregressionfunctionsforPETandPrecipitation.
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Fig.8.ThelinearregressionfunctionsforAETandPrecipitation.
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Fig.9.ThelinearregressionfunctionsforPETandMWS..
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Fig.10.ThelinearregressionfunctionsforAETandMWS.
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Fig.11.ThelinearregressionfunctionsforPETandTmax.
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Fig.12.ThelinearregressionfunctionsforAETandTmax.
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Fig.13.ThelinearregressionfunctionsforPETandT.
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Fig. 14. ThelinearregressionfunctionsforAETandT.
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Fig. 15. ThelinearregressionfunctionsforPETandAP.
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Fig. 16. ThelinearregressionfunctionsforAETandAP.



- 46 -

3.Runoff

The some precipitation after infiltration below the surface and

evaporation isdischarged along thesurfaceoftheground.In other

words,the runoffdepends on the evaporation and infiltration,and

infiltrationdependsonthestateofthesoil.Ifthesoilissaturated,the

infiltrationdoesnotoccurwhilerunoffoccurs.

Thatprecipitation minus the evaporation and infiltration is called

excessprecipitationorsurfacerunoff.SCS-CN methodwasdeveloped

by U.S. Soil Conservation Service that is to estimate excess

precipitationusingonlyvegetationcoverandsoilcharacteristicsinthe

absenceofrunoffdata,andisusingtoestimatetheexcessprecipitation

(HahnandHahn,1999).

3.1.Basicconcept

SCS-CN methodisadirectfactoraffectedthesizeoftheavailable

quantity.Itisconsideredthesoiltype,landuseorplantscovertype,

covertreatmentand hydrologiccondition (SoilConservation Service,

1969,1971).

SCS-CN waspresentedtheequation(36)inorderforestimatingthe

runoff.



 



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,where :Storageofthesoilintime[mm]

 :Storagewhenafullysaturated[mm]

 :Effectiveyieldcorrespondstosurfacerunoff[mm]

 :Cumulativerainfall[mm]

Therunofffrom theprecipitationispresentedafunctionof and.

Itis  .

Thus,equation(36)canbeexpressedasthefollowing.

 
 



The equation means thatrunoffoccurs as soon as precipitation

occurs.However,mostofearlyprecipitationisinfiltrated,andrunoff

dependsonprecipitation.Runoffoccursafterseveraltime.So,initial

lossofprecipitationisconsideredifinitialrunoffisconsidered.

Theinitiallosswasdetermined byexperience.Ifthisrelationship

wassubstitutedtotheequation(37),itbecametheequation(38).Itis

arelationshipbetweentheprecipitationandavailablequantity.Here,Q

andPshouldbebiggerthan0and0.2,respectively.

  

   


In equation (38),  willhave differentvalues depending on the
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antecedentsoilmoisturecondition,A.M.C.The ontheAMC-Ⅰ which

hasasmallantecedentprecipitationisgreaterthantheAMC-Ⅱ which

is usual,but is smaller than the AMC-Ⅲ which is a lot of

precipitation.The  whatispresentedthepotentialwaterquantityof

thebasinstatesrepresentthenatureofhydrologicsoil-covercomplexes

- soil,land useand covertreatment. (runoffcurvenumber)is

defined by a function of  - equation (39)which is considered

indirectlytheeffectsofrunoff.

  


or   


  

Where,CNisaindicatoraccordingtosoiltypeandstateintheSCS.

The important matters when runoff is estimated by using the

equation (38)and (39)in SCS should beconsidered thesoiltype,

antecedentsoilmoistureconditionandlanduses.

Thesethreeelementsarereflectedtotherunoffestimationbythe

equation(39),andisdividedaccordingly.SCS canbeclassifiedinto

four.A type is the lowestrunoffpotentialmud.B type is the

moderately low runoffpotentialsand with mud and siltthatthe

penetration rate is high than the average value.C type is the

moderately high runoffpotentialsoilwith mud and siltthatthe

penetrationrateislessthantheaveragevalue.D typeisthehighest

runoffpotentialsoilwith mud and siltthatisclose to thedirect

impermeablelayer.
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Toanalysetherelationshipbetweentotalprecipitationandeffective

precipitation,5 days or30 days ofthe antecedentprecipitation is

commonly used as index represented the antecedentsoilmoisture

condition.Inotherwords,iftheantecedentprecipitationishighincase

thatthereisthesameprecipitation,thesoilmoistureinthebasinis

high.Therunoff,theeffectiveyield,willbereduced.

Theantecedentsoilmoisturecondition ofSCS isdividedintothe

growingseasonanddormantseasoninyear.Threekindsofconditions

areclassifiedasthefollowing.

A.M.C-Ⅰ :Lowestrunoffpotential

A.M.C-Ⅱ :Averagerunoffpotential

A.M.C-Ⅲ :Highestrunoffpotential

Thethreeantecedentsoilmoistureconditions arethecriteria for

classifyingthedegreeofwettinginthebasinbythesizeofthe5days

antecedentprecipitation.AMCgroupisthefollowingTable8according

tothesizeofthe5daysantecedentprecipitation.
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A.M.CGroup
5daysantecedentprecipitation,P5(mm)

dormantseason growingseason

Ⅰ P5＜ 12.7 P5＜ 35.56

Ⅱ 12.7＜ P5＜ 28.0 35.56＜ P5 ＜ 53.34

Ⅲ P5＞ 28.0 P5＞ 53.34

Table8.ClassificationofAMC Groupaccordingto5daysantecedent

precipitation.

The initialcondition ofthe soilis determined by the antecedent

precipitation,andtheCN value(runoffcurvenumbers)isestimatedby

usingTable9and10dependedonthelanduseandcovertreatment.

Therunoffisdependentonthelanduseandcovertreatment.U.S.

SoilConservationServicehadaregulationdependingonthesoilcover

treatmentandsoiltypedividedbythenaturalgrasslandareasandthe

city.
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Landuseorcover Treatmentorpractice
Hydrologic

condition

Hydrologicsoil

group

A B C D

Fallow Straightrow - 77 86 91 94

Row crops Straightrow Poor 72 81 88 91

Straightrow Good 67 78 85 89

Contoured Poor 70 79 84 88

Contoured Good 65 75 82 86

Contouredandterraced Poor 66 74 80 82

Contouredandterraced Good 62 71 78 81

Smallgrain Straightrow Poor 65 76 84 88

Good 63 75 83 87

Contoured Poor 63 74 82 85

Good 61 73 81 84

Contouredandterraced Poor 61 72 79 82

Good 59 70 78 81

Close-seededlefumes Straightrow Poor 66 77 85 89

orrotationmeadow Straightrow Good 58 72 81 85

Contoured Poor 64 75 83 85

Contoured Good 55 69 78 83

Contouredandterraced Poor 63 73 80 83

Contouredandterraced Good 51 67 76 80

Pastureorrange Poor 68 79 86 89

Fair 49 69 79 84

Good 39 61 74 80

Contoured Poor 47 67 81 88

Contoured Fair 25 59 75 83

Contoured Good 6 35 70 79

Meadow Good 30 58 71 78

Woods Poor 45 66 77 83

Fair 36 60 73 79

Good 25 55 70 77

Farmsteads - 59 74 82 86

Roads(dirt) - 72 82 87 89

(hardsurface) - 74 84 90 92

Table9.Runoffcurvenumbersforhydrologicsoil-covercomplexes
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Coverdescription

Curvenumbersfor

hydrologicsoil

group

Covertypeandhydrologiccondition

Average

percent

impervious

area

A B C D

Fullydevelopedurbanareas(vegetationestablished)

Openspace(lawns,golfcourses,cemeteries,etc.)

Poorcondition(grasscover<50%) 68 79 86 89

Faircondition(grasscover50-75%) 49 69 79 84

Goodcondition(grasscover>75%) 39 61 74 80

Imperviousareas

Pavedparkinglots,roofs,driveway,etc.

(excludingright-of-way) 98 98 98 98

Streetsandroads

Paved;cubsandstorm sewers

(excludingright-of-way) 98 98 98 98

Paved;opendirches(includingright-of-way) 83 89 92 93

Gravel(includingright-of-way) 76 85 89 91

Dirt(includingright-of-way) 72 82 87 89

Westerndeserturbanareas

Naturaldesertlandscaping(perviousareasonly) 63 77 85 88

Artificialdesertlandscaping(imperviousweed

barrier,desertshrubsith1-2in.sandor gravel

mulchandbasinborders)

96 96 96 96

Urbandistricts

Commercialandbusiness 85 89 92 94 95

Industrial 72 81 88 91 93

Residentialdistrictsbyaveragelotsize

1/8acreorless(townhouses) 65 77 85 90 92

1/4acre 38 61 75 83 87

1/3acre 30 57 72 81 86

1/2acre 25 54 70 80 85

1acre 20 51 68 79 84

2acres 12 46 65 77 82

Developingurbanareas

Newlygradedareas(perviousareasonly,no

vegetation)

77 86 91 94

Idlelands(CNsaredeterminedusingcovertypes

similartothoseinTable18)

Table10.Runoffcurvenumbersforurbanareas
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Table10representsthesoil- plantscoveredrunoffcurvenumber

(CN)underthe conditions ofthe AMC-Ⅱ.Ifthe antecedentsoil

moisturecondition isA.M.C-ⅠorA.M.C-Ⅲ,thesevaluesbecomea

changeintherunoffcovernumber.

AMC-Ⅰ islessthe5daysantecedentprecipitationthantheAMC-Ⅲ,

so the runoffis smallerbecause the infiltration rate is high,but

A.M.C-Ⅲ isbigger.Therefore,SCSisestimatedtheCN (Ⅰ)andCN

(Ⅲ)usingthefollowingequation(40)and(41).

Ⅰ  Ⅱ
  Ⅱ



Ⅲ  Ⅱ
  Ⅱ



Where,CN (Ⅰ),CN (Ⅱ)andCN (Ⅲ)aretherunoffcurvenumber

undereachAMC-Ⅰ,Ⅱ,Ⅲ.EstimatedAMC-Ⅰ andAMC-Ⅲ byusing

theaboveequationarethefollowingTable11.
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A.M.C - CN S

(A.M.C-Ⅱ)

(mm)

Curve Point

(mm)

A.M.C - CN S

(A.M.C-Ⅱ)

(mm)

Curve Point

(mm)Ⅱ Ⅰ Ⅲ Ⅱ Ⅰ Ⅲ

100 100 100 0.00  0.0 60 40 78 169  33.8

99 97 100 2.57  0.5 59 39 77 177  35.3

98 94 99 5.18  1.0 58 38 76 184  36.8

97 91 99 7.85  1.5 57 37 75 192  38.4

96 89 99 10.6  2.0 56 36 75 200  39.9

95 87 98 13.4  2.8 55 35 74 208  41.6

94 85 98 16.2  3.3 54 34 73 216  43.2

93 83 98 19.1  3.8 53 33 72 225  45.0

92 81 97 22.1  4.3 52 32 71 234  47.0

91 80 97 25.1  5.1 51 31 70 244  48.8

90 78 96 28.2  5.6 50 31 70 254  50.8

89 76 96 31.5  6.4 49 30 69 264  52.8

88 75 95 34.5  6.9 48 29 68 276  54.9

87 73 95 37.8  7.6 47 28 67 287  57.4

86 72 94 41.4  8.4 46 27 66 297  59.4

85 70 94 44.7  8.9 45 26 65 310  62.0

84 68 93 48.3  9.6 44 25 64 323  64.5

83 67 93 52.1 10.4 43 25 63 335  67.1

82 66 92 55.9 11.2 42 24 62 351  70.1

81 64 92 59.4 11.9 41 23 61 366  73.2

80 63 91 63.5 12.7 40 22 60 381  76.2

79 62 91 67.6 13.5 39 21 59 396  79.2

78 60 90 71.6 14.2 38 21 56 414  82.8

77 59 89 76.0 15.2 37 20 57 432  86.4

76 58 89 80.3 16.0 36 19 56 452  90.4

75 57 88 84.6 17.0 35 18 55 472  94.5

74 55 88 89.2 17.8 34 18 54 493  98.6

73 54 87 94.0 18.8 33 17 53 516 103.0

72 53 86 98.8 19.8 32 16 52 538 108.0

71 52 86 104.0 20.8 31 16 51 564 113.0

70 51 85 109.0 21.8 30 15 50 592 118.0

69 50 84 114.0 22.9 … … … … …

68 48 84 119.0 23.9 25 12 43 762 152.0

67 47 83 125.0 24.9 20 9 37 1016 203.0

66 46 82 131.0 26.2 15 6 30 1440 288.0

65 45 82 137.0 27.4 10 4 22 2286 457.0

64 44 91 143.0 28.4 5 2 13 4826 965.0

63 43 80 149.0 29.7 0 0 0 ∞ ∞

62 42 79 156.0 31.2

61 41 78 162.0 32.5

Table11.AdjustmentofrunoffcurvenumbersaccordingtoAMC
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3.2.Runoffestimation

TheplantcoverandlanduseofthestudyareaareshownFig.2and

Table12.Thelanduseofthestudyareawasdividedrow crops,small

grain,forestbusinessarea,officearea,manufacturingare,pavedload,

curvedload;storm sewer,pavedload;train,dirtloadandopenarea.

ThesoiltypethroughthedataanalyzedisrepresentedinTable12.

Therow crops,smallgraindirtloadandopenareawereincludedto

Bsoiltypethatthecapacityofrunoffislow.OtherswereDsoiltype

thatthecapacityofrunoffishigh.TherewerenoA andCsoiltype.

ConditionofVegetation

andLanduse
Soiltype CN

Row crops B 75

Smallgrain B 72

Forest D 77

Businessandofficearea D 95

manufacturingarea D 93

Pavedandcurvedload;

storm sewer
D 98

Pavedload;drain D 93

Dirtload B 82

Openarea B 61

Table12.SCScurvenumberinthestudyarea(AMC-Ⅱ)

Toestimatetherunoff,5daysantecedentsoilmoistureconditionwas

dividedbyⅡ,Ⅰ,Ⅲ from 1999to2007year.CN(Ⅱ)was89.98in1999.
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ThesameyearCN(Ⅰ)andCN(Ⅲ)were79.04and95.38,respectively.

EstimatedCN(Ⅱ)wasappliedtoTable13.TheresultsAMC-Ⅱ was

28.29, and then AMC-Ⅰ and AMC-Ⅲ were 67.37 and 12.30,

respectively.CN andSestimatedusingsamewaysareshowninTable

13.

AMC-CN S(mm) CurvePoint

Year Ⅱ Ⅰ Ⅲ
AMC-

Ⅱ

AMC-

Ⅰ

AMC-

Ⅲ
(mm)

1999 89.98 79.04 95.38 28.29 67.37 12.30 12.7

2000 90.03 79.14 95.41 28.11 66.94 12.22 12.7

2001 90.05 79.18 95.42 28.06 66.80 12.20 12.7

2002 90.06 79.19 95.42 28.04 66.76 12.19 12.7

2003 90.06 79.20 95.42 28.02 66.72 12.18 12.7

2004 90.08 79.22 95.43 27.98 66.63 12.17 12.7

2005 90.09 79.24 95.44 27.94 66.53 12.15 12.7

2006 90.10 79.27 95.44 27.90 66.43 12.13 12.7

2007 90.13 79.33 95.46 27.80 66.19 12.09 12.7

Table13.CNandSinthestudyarea

TherunoffestimatedbyusingCNandSvaluesisarrangedtoTable

14.Themeanprecipitation andrunoffwere1,645.02mm and843.75

mm,and therunoffwas49.80% oftheprecipitation.In 1999,the

precipitationwasthehighest(2,396.70mm).Therunoffwasalsothe

highest(1,381.97mm)in1999.Ontheotherhand,theprecipitationwas

thelowest(1,171.30mm)in2001,likethepreceding,therunoffwasthe
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lowest(561.93mm)inthe2001.Thelinearfunctionfortherunoffand

the precipitation was   × , and coefficient of

determinationwas0.98,very high.Therefore,therunoffwasmainly

influencedbytheprecipitationinthestudyarea.Thebuildingandroad

thataretheimpermeablelayerweremorethan65% inthestudyare,

andthenslopealsodevelopedinthestudyare.So,theprecipitation

was notinfiltrated underthe surface,on the otherhand,mostof

precipitationwasdischarged.

Precipitation Runoff

Year mm　 % 　mm %

1999 2,396.70 100 1,381.97 57.66

2000 1,248.50 100 569.20 45.59

2001 1,171.30 100 561.93 47.98

2002 2,085.20 100 1,174.12 56.31

2003 2,328.30 100 1,325.26 56.92

2004 1,386.50 100 585.83 42.25

2005 1,383.90 100 638.71 46.15

2006 1,528.30 100 846.69 55.40

2007 1,276.50 100 510.01 39.95

Avg. 1,645.02 100 843.75 49.80

Table14.Precipitationandrunoffinthestudyarea
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Fig.17.Thelinearregressionfunctionsforrunoffandprecipitation.

4.Coastalflow

Coastalflow (CF)isthesustainabledevelopmentdevelopmentand

managementskilltoevaluatethesustainabledevelopmentyieldinthe

coastalarea.ItisstilldevelopinginU.S.A andEuropeandpreliminary

research.Theestimationofthesustainabledevelopmentyieldshouldbe
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precededtoappliedtotheoptimaldevelopmentandmanagementskill.

Theresearchesabouttheestimation ofthesustainabledevelopment

yieldareprogressing,butresearchesconsideringthecharacterofthe

coastalareaarenotprogressinginKorea.

4.1.Basicconceptofcoastalflow estimation

4.1.1.MethodusingDarcylaw

The flow rate using Darcy's law can be estimated by the

multiplication of the hydraulic conductivity (K),hydraulic gradient

(i=dh/dx)and cross-sectionalarea(A).

4.1.2.Directmeasurement

Directmeasurementuses the infiltration system.The infiltration

system isasimplemechanism tomeasuretheamountofgroundwater

throughtheseabed.A plasticbagisinstalledatthetopofadrum.

Thebottom ofthedrum iscutandopened.Thebottom ofthedrum is

to beburied to theseabed.Inflow ofgroundwaterin thedrum is

estimatedthatisthecoastalflow.

4.1.3.Tracermethod

Tracer method uses the naturalor artificialsoluble moving to
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groundwater.

4.1.4.AcousticScintillationThermography(AST)

Itisa method using sound wavesoccurring when heatfluid is

erupted.Theeruptionoftheheatfluidisthesimilartothecoastalflow

ofthe groundwaterbecause density is differentto seawater.AST

methodistodetectthewaverefractionoccurringwhenwaterhaving

differentwateraroundwatermixeswithsurrounding water.In case

waverefractionoccurs,ASTmethodcanbeusedtothecoastalflow.

4.2.Fieldsurveyandcoastalflow estimation

The coastalflow in this study paper was estimated using the

Darcy'slaw.In theAgency (SustainableWaterResourcesResearch

Center,2009)calculatedthedatanecessaryforcalculatingthestandard

materials were used (Table 15).The hydraulic conductivity was

4.50×e
-07
m/sec,andthenthedepthduetotheweatheringandalluvial

aquiferwasappliedto9m.Coastlineofthestudyareawas4,850m

from Suyeong 1bridgetothewestend ofGwanganribeach.The

hydraulicgradientofthestudy areawascalculated considering Mt.

Kumryun (425m)andMt.Baen (255m)andGwangalli.Basedon

upperdata,thecoastalflow wasapproximately29,001m
3
/yr.Therewas

notasignificantimpacttoestimatethegroundwaterrecharge.
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Location
Hydraulic
conductivity Depth PorosityCoastline

hydraulic
gradient Coastalflow

(m/sec) (m) - (m) - (m
3
/yr)(mm/yr)

Suyeong-gu 4.50E-07 9.0 0.306 4,850 0.153 29,001 2.85

Table15.Thestandarddataforestimationofthecoastalflow

A field study wasconducted atGwanganribeach toconfirm the

coastalflow outflowingathigheralluvialaquiferthansealevel.There

wasnothecoastalflow byresultsofthefieldstudy(Fig.18).

Fig.18.Thefieldstudyforthecoastalflow.
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5.Baseflow

Baseflow (BF)is a componentofthe runoff.Baseflow in local

groundwaterflow system is the same as the groundwaterrunoff.

Infiltrated precipitation from a recharge area to deep underground

becomesapartoftheregionalgroundwaterflow system,soitnot

becomesbaseflow.From localgroundwaterflow system,thesourceof

baseflow is water from surface,so baseflow defines groundwater

rechargebyprecipitation.

Riverrunoffisafunctionoftime.Hourlyriverdischargecurveis

called riverhydrographrecessioncurves.River hydrograph recession 

curves of the dry season are depletion curve. Atthattime,runoff

consistsoflocalgroundwaterdischargeinthenearriver(Hahnand

Hahn,1999).

5.1.Basicconcept

Ifgroundwaterfrom anundergroundreservoirdischargestonearthe

river,groundwaterisdropped.Therefore,ifthereisnoprecipitation,

groundwatertoneartheriverisreduced.Ifdischargeofgroundwater

from aaquiferthatisareservoirisstopped,theriverwillbedryriver

when thebaseflow is0.Baseflow recession curveisafunction of

morphologyoftheterrain,basinshape,soilgeologyandvegetation.

Riverrunoffinthedryseasonhasadirectcorrelationwithwater

levelofneargroundwatersystem.Itcalls3boundary conditionsin
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Hydraulics.Theamountofdrainage(baseflow)isgettingdecreasedin

abucketifwaterlevelgraduallyfallsincaseofdrainingthewater

from aholeofthebucket.Thatis,theamountofdrainage(baseflow)

isnotincreasedunlesswaterpouredoutagainorwaterlevelrisesin

thebucket(waterlevelrise).

  
  

,where :Baseflow afterTfrom startingrecessionphenomenon

 :Initialbaseflow whenrecessionphenomenon

 :Elapsedtimeafterrecessionphenomenon

 :Coefficientoffloodrecessionofbasin

5.2.Baseflow estimation

Discharge in the study area has notbeen measured to estimate

baseflow untilnow.Therefore,baseflow wasestimatedbyapplyingthe

methodofthecoastalflow estimation(Table16).Thebaseflow was

justoccurredinthesoutheasternregionofthestudyarea(Fig.19,20,

21).ThegroundwaterlevelofthestudyareaishigherthanSuyeong

Riverinthedryandwetseason,sothebaseflow isalwaysoccurred.

ThedepthoftheaquiferwasappliedtomeanSuyeong Riverlevel,

hydraulicgradientwasestimatedconsideringtheheightoftheterrain.

Theestimatedbaseflow was284.28m
3
/yr,10.56% ofthecoastalflow.

TheBaseflow wasjustcomparedwiththeprecipitation.Therefore,the
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Location
Hydraulic
conductvity Depth Porosity

Lenthof
shoreline

hydraulic
gradient Baseflow

(m/sec) (m) - (m) - (m3/yr)(mm/yr)

Suyeong-

River
4.50E-03 1.58 0.306 3,390 0.132 3,070 0.3

Table16.Thestandarddataforestimationofthebaseflow

baseflow wasnota significantimpactto estimatethegroundwater

rechargelikethecoastalflow.



- 65 -

Fig.19.Thegroundwaterlevelinthestudyareaatthedry

seasonin2007.
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Fig.20.Thegroundwaterlevelofthestudyareaatthewet

seasonin2008.
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Fig.21.Thegroundwaterlevelofthestudyareaatthewet

seasonin2009.



- 68 -

6.Groundwaterrecharge

Groundwater recharge typically can express as sustainable

developmentyield.

  

The precipitation, AET, runoff, runoff, coastal․baseflow and

groundwaterrechargeareshowninTable17.Duringthatperiod,the

highestgroundwaterrechargewas640.38mm/yrin2003,and27.5% of

theprecipitationin2003.Thelowestgroundwaterrechargewas78.99

mm/yrin 2001,and6.74% oftheprecipitation in 2001.Themean

groundwaterrechargewas19.58% comparingtheprecipitationinthe

studyarea.Thelinearregressionfunctionfor groundwaterrecharge

and precipitation was  × ,and the coefficient of

determinationwas0.878(Fig.23).Therefore,moretheprecipitationis

morethegroundwaterrecharge.
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　 Precipitation AET Runoff Coastal・Baseflow

Year 　mm % 　mm % mm % mm % 　

1999 2,396.70 100 489.45 20.42 1,381.97 57.66 3.15 0.13 59

2000 1,248.50 100 460.00 36.84 569.20 45.59 3.15 0.25 20

2001 1,171.30 100 523.43 44.69 561.93 47.98 3.15 0.27 7

2002 2,085.20 100 554.14 26.57 1,174.12 56.31 3.15 0.15 4

2003 2,328.30 100 427.91 18.38 1,325.26 56.92 3.15 0.14 64

2004 1,386.50 100 497.42 35.88 585.83 42.25 3.15 0.23 31

2005 1,383.90 100 467.21 33.76 638.71 46.15 3.15 0.23 29

2006 1,528.30 100 473.21 30.96 846.69 55.40 3.15 0.21 2

2007 1,276.50 100 480.52 37.64 510.01 39.95 3.15 0.25 28

Avg. 1,645.02 100 485.92 31.68 843.75 49.80 3.15 0.21 33

Table17.Estimationofgroundwaterrechargewithprecipitation,AETandrunoff
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Fig.22.ThelinearregressionfunctionsforGRandP.
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Fig.23.WaterresourcesinKorea.

6.1.Estimation of groundwater recharge using different

methodmethods

6.1.1.Utilizationofnationalwaterresourcesstatisticdata

Waterresourceswas12.76billion㎥/yr,andrunoffwas7.31billon,

losswas5.45billon㎥/yrby GroundwaterManagementPlanReport

(MCT andKwater,2002).Evapotranspirationwas376.6㎥/yrthatwas

29.9% ofloss,groundwaterrechargewas1.684billon(Fig.23).

The mean groundwater recharge in Korea was 13.2 % by

GroundwaterManagementPlanReport(MCTandKwater,2002).Itwas
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used to estimate the groundwater recharge in study area.The

groundwaterrechargeestimated by Nationalwaterresourcestatistic

datautilization was217.14which issmaller118.21mm/yrthan the

groundwaterrechargeestimatedbythewaterbalance.Thiswascaused

by differences in precipitation.Itwillvary depending on regional

characteristics.

Groundwaterrechargeestimationbynationalwaterresourcestatistic

datautilization(mm/yr)

=Annualmeanprecipitation(mm/yr)×0.132

=1,645.02mm/yr×0.132

=217.14mm/yr

6.1.2.Utilizationoflossquantity

Water balance method uses under the assumption a equilibrium

betweenoutflow (andinflow)andstorage,andthenthegroundwater

rechargeisestimatedlikethefollowing.

  

WhereDislossoveraperiodintheregion,Eisevapotranspiration.

Lossisdefinedavaluethatprecipitationminusrunoffinthestudy

area.Ifinfiltratedwateroroutflow from apath ofunderground to
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surfaceisignored,lossisthesamewithevapotranspiration.Ifitcannot

ignore,however,actualevapotranspirationandlossarenotsame.The

differencebecomesgroundwaterrecharge.

TurcandCoutangeproposedthefollowingempiricalequationforthe

lossestimationinthe254watershedoftheworld(Turc,1963).

      


 

   


        

,whereP:Precipitation

 andL:Functionoftemperature

D:Loss

The groundwater recharge was estimated by using the mean

precipitation(1,645.02mm/yr)andmeantemperature(14.8℃)during9

years (1999 to 2007).Theresults by applying Coutange and Turc

empiricalequationarethefollowing.Lossesusing CoutangeandTurc

empiricalequation weremean 627.95mm/yrand534.11mm/yr,and

38.17% and 32.47 % compared to the precipitation,respectively.

Therefore,thegroundwaterrechargeusing Coutagneand Turcloss

32.29 % (531.15 mm/yr) and 37.99 % (624.99 mm/yr) of the

precipitation.Eachmethodwashigher195.8mm/yrand289.64mm/yr

than335.35mm/yrbythewaterbalance.
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Year P(mm) T(℃) Coutange(mm) Turc(mm)

1999 2,396.70 15.0 415.95 1245.00

2000 1,248.50 14.9 708.39 181.86

2001 1,171.30 15.3 704.97 42.76

2002 2,085.20 14.7 563.84 882.92

2003 2,328.30 14.3 393.62 1,256.09

2004 1,386.50 14.9 720.39 269.87

2005 1,383.90 13.8 682.88 319.52

2006 1,528.30 14.7 711.05 429.94

2007 1,276.50 15.3 722.64 179.04

Avg. 1,645.02 14.8 627.95 534.11

Table18.LossEstimationbyusingTurcempiricalformulaeTurc

6.1.3.Utilizationoflong-term groundwaterleveldata

Thismethodistoestimatethegroundwaterrechargeusinglong-term

groundwaterleveldatautilization.IfPrecipitationinfiltratedintothetop

oftheaquiferisignoredtranspirationbyplantsanddischargebyslope

gradient at the downstream part, groundwater recharge can be

estimatedusingspecificyieldofatopofaquifermultiplyingthedifference

between thehighestgroundwaterlevelduring 1yearand thelowest

groundwater levelduring dry season (Korea Resources Corporation,

1998).

 ∆∙ 
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,whereI :Groundwaterrechargebyprecipitation(LT
-1
)

ΔH :Annualvariationofgroundwaterlevel(L)

Sy :Specificyieldofatopofaquifer

Theupperequationisconsideringwaterlevelvariationofaaquifer

thatthereisnoinflow oroutflow inthehorizontaldirection,onthe

otherhand,thereisjustinflow intheverticaldirection.

Butingeneral,groundwateroccursthehorizontalflow,groundwater

levelwidthsestimatedby thefluctuationcurveofgroundwaterlevel

doesnotonlyrepresentthegroundwaterrecharge.Itcomprehensively

representsfluctuation ofthegroundwaterstoredin theaquifer.The

fluctuation of groundwater resources is composed of groundwater

rechargeanddischargeincaseofignoringartificialfactorsandplant's

use.Therefore,ifgroundwater levelis higher than any standard

groundwaterlevel,there is groundwaterrecharge,the opposite is

discharge.

The fluctuation of annual groundwater resources,recharge and

discharge can be expressed as follows based on the standard

groundwaterlevelusingthelong-term groundwaterleveldata.

 ∈  max min ⋅ 

∈ max  ⋅ 
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  min ⋅ 

,whereqct :Fluctuationofannualgroundwaterresources

qin :Annualgroundwaterrecharge

qout:Annualgroundwaterdischarge

Hmax
:Annualmaximum groundwater

Havg:Annualaveragegroundwater

Hmin
:Annualminimum groundwater

Thegroundwaterrechargeusing long-term groundwaterleveldata

wasestimatedat30m and60m during1year-1Januaryto31

December,2009.Theestimatedmaximum groundwaterlevelwas6.38

m,minimum groundwaterlevelwas2.27m,meangroundwaterlevel

was4.18m.SpecificyieldestimatedbyTaeYoungKim (2009)was

applying.
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Fig.24.Thesubwaylocationofthestudyarea.

Year
Maximum

value

Minimum

value
Average

Maximum value

-Average

Specific

yield

2009 6.38m 2.2744m 4.18m 2.20m 0.05

Table19.Groundwaterdataandspecificyieldinthestudyarea
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Annualgroundwaterrechargewasestimatedusingequation(51).The

estimated groundwater recharge was 110 mm/yr,32.5 % of the

groundwaterrechargeestimatedbythewaterbalance.

  ⋅ 

=(Maximumvalue-Average)×specificyield

=(6.38m -2.27m)×0.05

=110mm/yr

Table20hasshowntheestimationofgroundwaterrechargeusinga

variety ofmethods.Thelossmethod ofgroundwaterrechargewas

highervaluethan theothers;on theotherhand,themethod using

long-term groundwater level data was the lowest value. The

groundwate recharges have differences depending on each method.

Therefore,thispaperwasusedthewaterbalancemethodtoestimate

thegroundwaterrecharge.
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Groundwaterrechargeestimationmethod mm/yr GR/P(%)

Waterbalance 335.35 19.37

Nationalwaterresourcestatisticdata 217.14 13.2

Loss

CoutangeEmpirical

formulae
627.95 37.99

TurcEmpiricalformulae 534.11 32.29

Long-term groundwaterleveldata 110 6.69

Avg. 364.91 21.91

Table20.Comparisonofeachgroundwaterrechargeestimationmethod

7.Inflow andoutflow ratesofgroundwaterfrom theoutsidebasin

Inflow andoutflow rateofgroundwaterfrom theoutsidebasin is

usually notapplied to estimate the groundwater recharge.Natural

environmentis rapidly changing by anthropogenic activities in the

modern. Groundwater usage, leakage of water supply・sewage,

groundwaterdiscahrgefrom subwayandelectroniccabletunnelwere

consideredtoestimategroundwaterrecharge.

7.1.Groundwateruse

Table21isshownthegroundwaterusedinthestudyarea(MLTM

andKwater,2008a).Thegroundwaterusewasdividedintolivelihood,

industry,agricultureandothers.Therewere409sites(1,505,741m
3
/yr)
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usinggroundwater,livelihoodsiteswere339(1,179,700m
3
/yr),industry

siteswere19(56,659m
3
/yr),agriculturesiteswere9(36,720m

3
/yr),

otherswere42(232,663m
3
/yr).
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Year

Total Livelihood Industry Agriculture

Site Utilization Site Utilization Site Utilization Site Utilization Site

1999 390 1,666,058 254 863,817 24 24,933 7 11,296 105

2000 391 1,608,403 256 815,981 22 20,048 7 11,296 106

2001 517 1,264,573 363 793,694 38 21,511 10 17,275 106

2002 469 1,736,870 422 1,533,720 22 142,010 5 12,260 20

2003 388 1,516,016 357 1,408,328 15 66,784 12 33,988 4

2004 395 1,496,739 365 1,353,829 15 66,784 11 69,210 4

2005 390 1,487,487 361 1,348,200 14 63,161 11 69,210 4

2006 385 1,455,863 348 1,304,767 12 54,162 11 59,360 14

2007 360 1,319,659 327 1,194,960 11 50,538 10 46,585 12

avg. 409　 1,505,741 339 1,179,700 19 56,659 9 36,720 42

Table21.Groundwaterusedatainstudyarea[m
3
/yr]



- 82 -

7.2.Leakageofwatersupply・sewage

Watersupply leakagewas estimated using data ofBusan Water

Authority(2007)and MinistryofEnvironment(2007a).Sewerleakage

wasestimatedusingdataofBusanSeweragemasterplanchangesand

Ministry ofEnvironment(2007b).Population ofthestudy areawas

179,100.Thewatersupplyleakagewas6514.9m
3
/day(2,377,939m

3
/yr),

andsewerleakagewas4,688.82m
3
/day(1,711,419m

3
/yr)(Table22).

Watersupply Sewer

m
3
/day m

3
/yr m

3
/day m

3
/yr

6,514.9 2,377,939 4,688.82 1,711,419

Table22.Watersupply・sewageleakagedata

7.3.Groundwaterdischarge from subway and electronic cable

tunnel

Therewere6stationsintheLine2and2stationsintheLine3

(Fig.24).Grounwaterwasinflowingintothesubwaystations,andthen

thatgroundwateris discharging to the Suyeong River.The most

dischargedstationinthestudyareawasMillak(201,115m3/yr)inthe

Line 2,and Mangmi2 (302,950 m
3
/yr)in the Line 3 (MLTM and

Kwater,2008b).Thetotalgroundwaterdischargefrom thesubwaywas

750,805m3/yr(Table23),electroniccabletunnelwasestimatedusinga
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flow meterfrom 2005to2007.Groundwaterdischargefrom electronic

cabletunnelwas547,500m
3
/yrduring3year(Table24).

Subwayname
Groundwateroutfow insubway

m
3
/day m

3
/yr

2

Line

Namcheon 0 0

Geumnyeonsan 281 102,565

GwanganA 148 54,020

GwanganB 27 9,855

Suyeong 50 18,250

Millak 551 201,115

3

Line

Mangmi1 170 62,050

Mangmi2 830 302,950

Total 2,057 750,805

Table23.Groundwaterdischargefrom subway

Groundwaterdischargefrom electroniccabletunnel　

m3/day m3/yr

1,500 547,500

Table24.Groundwaterdischargefrom electroniccabletunnel

8.Sustainabledevelopmentyield

Thesustainabledevelopmentyieldwasestimatedconsideringnatural

factors(evapotranspiration,baseflow,coastalflow)andartificialfactors

(runoff, groundwater use, leakage of water supply・sewage,
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groundwaterdischargefrom subwayandelectroniccabletunnel).The

water supply・sewer leakage was increasing the sustainable

developmentyield,ontheotherhand,theotherswerecontrarytothe

watersupply・sewerleakage.

Thesustainabledevelopmentyieldwasmean889,925m
3
/yrduring

thestudyperiod.Themostsustainabledevelopmentyieldwas1,921,582

m
3
/yrin2003,whiletheleastsustainabledevelopmentyieldwas212,595

m
3
/yrin2001(Table25).Thegroundwaterrecharge,groundwateruse,

leakage of water supply・sewer and groundwater discharge from

subwayandelectroniccabletunnelwere387.17,169.20,74.90,84.37%

of the sustainable development yield,respectively. Therefore, the

sustainabledevelopmentyieldwasmainlyaffectedbythegroundwater

rechargeandgroundwateruse.

Thelinearregressionfunctionforthesustainabledevelopmentyield

and the groundwater recharge was   × , the

coefficientofdeterminationwas0.81,high.Thegroundwaterrecharge,

leakage of water supply・sewer and groundwater discharge from

subwayandelectroniccabletunnelhadanearlyconstantvalue,sothe

sustainable development yield was changed by the groundwater

recharge(Fig.25).

The linearregression function forthe groundwateruse and the

groundwaterrechargewas  × ,thecoefficient

ofdeterminationwas0.34(Fig.26).Thelinearregressionfunctionfor

the sustainable development yield and the groundwater use was

  ×,thecoefficientofdeterminationwas0.201
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(Fig.27).

To analyzeinfluenceofthesustainabledevelopmentyield by the

precipitation,evapotranspirationandrunoff,therewereconductedlinear

recessionfunctionanalysisforthesustainabledevelopmentyieldand

eachfactor.

Thelinearregressionfunctionsforthesustainabledevelopmentyield

and the precipitation was   × ,the coefficientof

determinationwas0.709,high(Fig.28).Thelinearregressionfunction

forthesustainabledevelopmentyieldandtheevapotranspirationwas

× , the coefficient of determination was

0.034,high(Fig.29).Thelinearregressionfunctionsforthesustainable

development yield and the runoff was   × ,the

coefficient of determination was 0.622,high (Fig.30).Therefore,

influenceforthesustainabledevelopmentyield camenextwith the

precipitation(0.709),runoff(0.622)andevapotranspiration(0.034).

After all, influence of the natural factor in the sustainable

developmentyieldestimationwastheprecipitation,andartificialfactor

wastherunoff.
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Year Area
Used

area

Groundwater

recharge

Groundwater

use

Watersupply

andsewer
Subway

Electronic

cabletunnel d

(A) (B) (D) (E) (F) (

　 km
2

km
2

m
3

m
3

m
3

m
3

m
3

1999 10.159 2.874 6,061,512 1,666,058 666,519 750,805 　

2000 10.160 2.842 2,122,538 1,608,403 666,519 750,805 　

2001 10.158 2.832 834,425 1,264,573 666,519 750,805 　

2002 10.158 2.830 4,114,841 1,736,870 666,519 750,805 　

2003 10.158 2.827 6,537,439 1,516,016 666,519 750,805 　

2004 10.212 2.838 3,262,186 1,496,739 666,519 750,805 　

2005 10.211 2.831 3,003,023 1,487,487 666,519 750,805 109,500

2006 10.210 2.824 2,160,951 1,455,863 666,519 750,805 547,500

2007 10.214 2.790 2,912,454 1,319,659 666,519 750,805 547,500

Ave. 10.182 2.832 3,445,486 1,505,741 666,519 750,805 　

/SDO(%) 387.17 169.20 74.90 84.37

Table25.Optimalyielddatainstudyarea
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Fig.25.Thelinearregressionfunctionsforsustainabledevelopment

yieldandgroundwaterrecharge.
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Fig.26.Thelinearregressionfunctionsforgroundwateruseand

groundwaterrecharge.
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Fig.27.Thelinearregressionfunctionsforsustainabledevelopment

yieldandgroundwateruse. 
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Fig.28.Thelinearregressionfunctionsforsustainabledevelopment

yieldandprecipitation.
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Fig.29.Thelinearregressionfunctionsforsustainabledevelopment

yieldandrunoff.
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Fig.30.Thelinearregressionfunctionsforsustainabledevelopment

yieldandrunoff.



- 93 -

Ⅳ.Conclusions

Thechangeofactualevapotranspirationaccordingtolandusewas

analyzedusingmeteorologicaldatafrom 1999to2007andcomparedby

severalestimationmethodsatacoastalareaoftheSuyeong-gu,the

Busancity.Furthermore,itsinfluencewasclarifiedthroughregression

analysisandcorrelationamong meteorologicalfactors.Runoff,coastal

flow,baseflow,groundwateruse,leakage ofwatersupply・sewage,

groundwaterdischargefrom subwayandelectroniccabletunnelwere

consideredtoestimatesustainabledevelopmentyield.Therefore,natural

and artificialfactors that were considered to estimate sustainable

developmentyieldwereanalyzed.

1.Theactualevapotranspirationcanbeestimatedbyusingpotential

evapotranspiration,precipitationandtheplant-availablewatercoefficient.

The potentialevapotranspiration was considered the mean daily air

temperatureat2m high,atmosphericpressure,dewpointtemperature,

duration of sunshine and mean wind speed. The potential

evapotranspirationwasrangedfrom 449.95to564.45mm/yr,andthen

theactualevapotranspirationwasrangedfrom 427.91to554.14mm/yr.

Inthisstudy,thedifferenceofpotentialevapotranspirationandactual

evapotranspirationwassmallandtherelativeratiowashigh.Itwas

because of increasing urbanization in the large areas with w=0

(building,road,others).

2.Correlations analysis between the evapotranspiration and the
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meteorologicalfactors were performed.In Suyeong-gu,the coastal

urbanareas,theinfluenceoftothemeanwindspeed,thepotentialand

actualevapotranspirations was higher than other factors,and the

correlationcoefficientswere0.73and0.67.

3.Therunoffwasestimatedbyusingplantcoverageandlanduse.

Themeanprecipitationandrunoffwere1,645.02mm and843.75mm,

andtherunoffwas49.80% oftheprecipitation.Therefore,therunoff

was influenced mainly by the precipitation in the study area.The

buildingandroadwiththeimpermeablelayerweremorethan65%

andslopealsowasdeveloped.So,theprecipitationwasnotinfiltrated

undertheground,andmostofprecipitationwasdischarged.

4.Thecoastalflow andbaseflow aboutpaperwereestimatedusing

Darcy'slaw.Thecoastalflow wasabout29,001m
3
/yr,andbaseflow

wasabout3,070m
3
/yrin10.56% ofthecoastalflow.Thecoastalflow

andbaseflow werenotsignificantimpactinestimatingthegroundwater

recharge.

5.Thegroundwaterrechargewasestimatedusingprecipitation,AET,

runoff, coastal flow and baseflow. During 9 years the highest

groundwater recharge was 640.38 mm/yr, and 27.5 % of the

precipitationin2003.Thelinearregressionfunctionsfor groundwater

rechargeandprecipitationwas × ,andthecoefficient

ofdeterminationwas0.878.

6.Inflow andoutflow rateofgroundwaterfrom theoutsidebasinis

usually notusedtoestimatethegroundwaterrecharge.Groundwater

utilization,leakage ofwatersupply・sewage,groundwaterdischarge
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from subwayandelectroniccabletunnelwereconsideredtoestimate

groundwaterrecharge.Leakageofwatersupply・sewerincreasedthe

sustainable developmentyield,on the otherhand,the others were

contrarytoleakageofwatersupply・sewer.Toanalyzeinfluenceofthe

sustainable developmentyield by the precipitation,evapotranspiration

andrunoff,therewereconductedlinearrecessionfunctionanalysisfor

thesustainabledevelopmentyieldandeachfactor.Therefore,influence

forthesustainabledevelopmentyieldcamenextwiththeprecipitation,

runoffandevapotranspiration.Afterall,influenceofthenaturalfactor

inthesustainabledevelopmentyieldestimationwastheprecipitation,

andartificialfactorwastherunoff.Thesustainabledevelopmentyield

was estimated justusing naturalfactors (precipitation,mean wind

speed,temperature)inthepast,butitshouldbeestimatedconsidering

artificialfactors(groundwateruse,subway,tunneletc.)inthemodern.

8.Fortheoptimalutilizationofgroundwater,groundwatershouldbe

properly conserved and managed.The main way to precure the

sustainabledevelopmentyieldistoreducerunoff.Weshouldfindout

effectivewaysthatprecipitationcaninfiltratestheimpermeableroads

andbuildings.Also,groundwaterdischargefrom subwayandelectronic

cabletunnelsneedstoberechargedtotheundergroundinsteadofthe

dischargetotheriverorsea.
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Estimation of groundwater recharge rate considering natural and artificial 

factors at a coastal area in the Busan City

Sung Il Yang

Department of Environmental Geosciences, The Graduate School,

Pukyong National University

                     Abstract

Inthisstudy,theactualevapotranspirationwasestimatedaccordingtouseand

climate change in a coastalarea,and the relationship between actual

evapotranspiration meteorological factors was analyzed.The groundwater

rechargewasestimatedbyconsideringtherunoff,watersupply・sewerrate,

groundwateruse(livelihood,industry,agricultureandothers)andsubwayand

electroniccabletunneloutflow rate.SugyeongRivertotheeastislocatedand

Mt.Kuumryuntothewestisbounded.SugyeongBayisformedtothesouth,

and Mt.Baeisbounded to thenorth.Theactualevapotranspiration was

estimated by using potential evapotranspiration, precipitation and the

plant-available water coefficient. Parameters to estimating the potential

evapotranspiarionarethemean daily airtemperature,dewpointtemperature,

atmospheric pressure and mean wind speed. In 2002, the actual

evapotranspirationwasthehighest(554.14mm/yr),anditwasthelowestin

2003(427.91mm/yr).Thefluctuationofthepotentialevapotranspirationand

actual evapotranspiration was similar.Correlations analysis between the

evapotranspiration and the meteorological factors were performed. The

correlation coefficient of the actual evapotranspiration and potential

evapotranspiration was0.96,high,butthecorrelation coefficientof1)the

precipitation and actualevapotranspiration;2)theprecipitation and potential
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evapotranspirationwereverylow,respectively.Theinfluenceofthepotential

and actualevapotranspiration and the mean wind speed was higherthan

others, and the correlation coefficients were 0.73 and 0.67. The

evapotranspirationinthecoastalurbanareasiscausedpredominantlybywind

speedthanmeteorologicalfactorssuchasprecipitationandtemperature.Runoff

was 49.80 % of the precipitation because increasing impermeable layer

(building,road and so on)according to urbanization.Groundwaterusage,

leakageofwatersupply・sewage,groundwaterdischargefrom subway and

electronic cable tunnelwere considered to estimate groundwaterrecharge.

Influence for the sustainable development yield came next with the

precipitation,runoffandevapotranspiration.Itisbecauseprecipitationcannot

infiltrated intounderground in thelargeareashaving w=0(building,road,

others).Inordertouse,conservationandmanagementofgroundwater,they

shouldbeconsideredtheexactvalueofeachfactorbecausenaturalfactors

(evapotranspiration,baseflow,coastal flow) and artificial factors (runoff,

groundwateruse,leakage ofwatersupply・sewage,groundwaterdischarge

from subwayandelectroniccabletunnel)toestimateaccuratevalues.
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