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Landuse oriented Water Balance Analysis Method by the Hydrological Model
BAGLUVA based on Soil and Vegetation
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ABSTRACT

Urban environmental problems such as flooding, depletion of ground water, pollution of urban streams and the heat island
effect caused by urban development and climate change can be mitigated by the improvement of the urban water cycle.

For the effective planning of water cycle management it is necessary to establish aerial Hydrotope Maps, with which
we can estimate the status and change of the water allowance for any site. The structure of the German water balance
model BAGLUVA, which is based on soil and vegetation, was analyzed and the input data and boundary condition of
the model was compared with Korean data and research results. The BAGLUVA Model consists of 5 Input categories
(climate, land use, topography, soil hydrology and irrigation). The structure and interconnection of these categories are
analyzed and new concepts and implementation methods of topographic factor, maximum evapotranspiration ratio, effective
rooting depth and Bagrov n parameter was compared and analyzed. The relation of real evapotranspiration (£7;)-maximum
evapotranspiration (E7,,,) - precipitation (P) was via Bagrov n factor represented. The aerial and land use oriented Hydrotope
Map can help us to investigate the water balance of small catchment areas and to set goals for volume of rainwater management
and LID facilities effectively in the city. Further, this map is a useful tool for implementing water resource management
within landscape and urban planning.
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Table 1. Nation-wide water information and decision support system

Information system Contents Organization

Information about the hydrological and meteorological data, watershed, river,
dams and underground water, environment and ecosystem, natural disasters,
geological space and water resources

© WAMIS: Water Resources
Management Information System

Ministry of Land, Infrastructure
and Transport

Water quality measuring network for river, lakes, irrigation water, and urban
streams. Providing serial data for river ecosystem and watershed management

@ RAWRIS: Rural Agricutural Water | Integrated information system for rural water network, support and rural water | Ministry of Agriculture, Food

@ Water Information System Ministry of Environment

Resource Information System conservation management and Rural Affairs

@ SIS: Korean Soil Information Characteristics of the soil, agricultural soil information database, farming crop | Ministry of Agriculture, Food
System growers, soil information internet system and Rural Affairs

® Integrated Ground Water Ground water amount and quality information, the status of the public ground | Ministry of Land, Infrastructure
Information Service water collection and use, management information service and Transport

® Water Cycle Integration System Low impact development projects arrangements, details and location Seoul Metropolitan Gov.

@ FGIS: Forest Geospatial Information | Forest soils, age, level, location data, satellite images, aerial photographs operating

System services integrated forest administration Korea Forest Service

Land use, vegetation map, urban ecosystem evaluation, biotope type, existing
® Urban Biotope Map impervious pavement, evaluation of urban ecosystem, evaluation considering Seoul Metropolitan Gov.
biotope type, map of amphibians, bird, reptiles

© National Climate Date Service Climate data measurement and support such as rainfall, wind, temperature, solar Korea Meteorological
System radiation Administration
@ EGIS: Environmental Geographic Land coverage map, ecological zoning map according to their cover classification,

Ministry of Environment

Information Service ecological value, nature, landscape values
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HE&S e & WHOE BagrovZt AN S 7[R R fﬂ SIS (AE FICHSTEP 1). Bagrov A5 (n) 32
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Figure 1. Structure of BAGLUVA model
Source: Glugla ef al, 2003: 73. modified by Author

102 s=2xZs5(R| & 433 45 (20153 8Y)



EQ-ALY o] 25 BAGLUVAE 0[83t EX[0[8E S4K| 4 HHE
e EXE)
Annual and Summer Precipitation BT, 71%5 3% (mm/day)
Seoul (Apr. - Sep.) T,: 2m oo dFEH712 (T)
o uy: AN 2m =l F4 (m/sec)
Q,: WA (MJ/m/day)
2000 Q- Y §5UE (MJ/m*/day)
T e, Z3F7IY (kPa) e, AAS7IY (kPa)
£ —
< e, —c, 18] EHZIIG REF (kPa)
% A E327199 LR 71€27] (kPa/T)
§ 10907 v: ZAFA 45 (kPa/C)
a
. 71 2 o) 012m, Albedo 023, F71EBAE 70
0 sm'¢l AU S VEAER S0, BEGSE FFo] SR )
2005 2006 2007 2008 zé:(se::‘w 2011 2012 2013 2014 2 7183 T FolA 7|5 el o8] AAEE ZukatErs
ojulsttH Allen ef al, 1996). FAOS] AlAF 22 73 CROPWAT
I Annual P. -
I Summer P. g /\}%‘EHH /\-1%]]0,]33] }']'E 101'3_ %?_]:9] FAO Penman—
Fre 2. Amual and tation it Seod Monteith 715 S24F E7, th2 Adeslth 984 2%
Igure 2. Annual ana summer precipitation In Seou %oﬂ/\—] ?j%“& %%/&%o] '}X]?S‘v‘,:— H]%S’J— 104 %91'9/] %—]701_
A% pS HAFE WS Ale st + EE< Figure 33 20 7% SIS FoR 715 24
o el A E= A Sl sl g, Ao §
(2) 71% Zuarer I AEE sl deTh e A2 10d 5] o
FAO(Food and Agriculture Organization) = 7% Zdalek TRUEE A5 °F 2mm/day ~5mm/dayE VHER T, Fo
S ARE) Ag ERA(A DO thew o) ANsig  FO SRR A Urhis 92 AR A Sk
(Allen ef al, 199). FE, Y7 ®sll] 710 Zlojrk
900 2) EAol &
0408A(Qn - Qg) +7mu2(€s —ea)
ET,= A1 o =
A1 +034u,) (1) He) e
Annual Precipitation and ETo Daily ETo
(Seoul 2005-2014) (Seoul 2005-2014)
2500 7
— 61
£ 2000 -
E 3
o —
B 1500 - £ 41
8 10001 o,
s
I}
o 11
& 5001
04
2004 2006 2008 2010 2012 2014 0 50 100 150 200 230 300 350 400
Year Julian days of the year
B Precipitation [mm]
—e— ETo [mm]

Figure 3. Annual precipitation, reference evapotranspiration(left) and daily reference precipitation
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Table 2. Max. evapotranspiration factor by land use type

Land use type Max. evapotranspiration factor f

O, < 11 Vol.% —
Grassland Fr9em=0.0125 + O, e+ 0.7108

(mean height 12cm) O, > 11 Vol.% —

Troem= 0.2866 + 1n (O, z5) +0.1614

ETmax factor of Coniferous and Deciduous Forests
(f=ETmax/ETo)

1.4

0.9

0.8

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Age of Tree [Year]

——e—— Deciduous Forest (AWC =<16%)
. Deciduous Forest (AWC >16%)
v Coniferous forest (AWC =<16%)

——0.— Coniferous forest (AWC >16%)

?: ]Tk(ZB) * m
Sem < zp < 20em —
Grassland £:=0.0676 « In(zp) +0.8321
zp > 20cm —

Fi=—0.7+107%« 224037 « 102 « z+0.9661

Source: Glugla ef al, 2003: 99

ETmax factor of annual Plants with different Height
(f=ETmax/ETo)

——— 5cm
10cm

fffff 15¢cm
20cm

— —+— 25cm

11 ——o—— 30cm
. 35cm

v 40cm

0.9

0.8 -

0.7

‘5 ‘B 1‘0 1‘2 1‘4 1‘6 1‘5 iu 2‘1 Z‘A 2"6
AWC(Available water capacity) [%]

Figure 4. E7a factor of annual plants with different height
Source: Glugla ef al, 2003: 99, plotted by author to the equation
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Figure b. £7.s factor of coniferous and deciduous forest
Source: Glugla et al, 2003: 99, plotted by author according to the
equation
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Ux|e] A HEE 24T  dom, U BARIURAE
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2 e (Klein, 1977).
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z}o) & ulEO F Penman-Monteith 7182]0l] Y == ALk Fda=g
o 2 AZSl B AN BHG BE GPAE DAL F Ak Bl o8 AAEE fESEO) 355 AU FE2D
W91 Figure 73} 20] ZojAl= As &+ 92 (Glugla ef
4) BEY 7 al, 2003), FEFEH( %) I F224(dm) Y w2 B3 A&
S P SRS AN AnF BN Jolg
(1) EY fr2sd = 8489 89lo] Hk(Federer ef al, 2003)
Table 3. Available soil water and porosity
. Large pore Available soil water Field capacity Hygroscopic water
0,
A Component ratiol %] Total porosity (%] (%] (%] (%]
Soil texture (%]
St Clay 0 Pore>50um 0.2um<Pore<50um Pore<50um Pore<0.2um
pF<18 1.8<pF<4.2 pF>18 pF>4.2
St2 0~10 5~17 42 20 16 22 6
St3 0~15 17~25 44 14 15 30 15
Su2 10~25 0~5 44 21 18 23 5
Su3 25~40 0~8 43 14 21 29 8
Sud 40~50 0~8 43 11 23 32 9
Ls2 40~50 17~25 43 9 16 34 18
Ls3 30~40 17~25 42 9 16 33 17
Lsd 15~30 17~25 43 11 16 32 16
Lt2 30~50 25~35 43 7 14 36 22
Lt3 30~50 35~45 44 5 12 39 27
Lts 15~30 25~45 43 6 14 37 23
Lu 50~65 17~30 43 7 17 36 19
Uu 80~100 0~8 45 7 26 38 12
Uls 50~65 8~17 43 8 22 35 13
Us 50~80 0~8 44 9 25 35 10

Source: Ad-Hoc-Arbeitsgruppe Boden, 2005: 344, modified by Author

shRRZEE(X| K| 43H 45(20154 8%) 105



Journal of the Korean Institute of Landscape Architecture 170 HEs

7N =t 3 (BB H2AEe o7t AE o R dA A=
Precipitation GAT, Bl B A9 TR whet ARE ATt
| %‘?MHE s st
Tro FY woklA FEEALE AEe vt 44 A8
\ —[ S ESOR Aosty vk AR A4S el &
Ground water w\ Deptn | o BaL i % FRY BE/Fol ST whet sk A
level | Aol Z7hgith o714, He]e] A2 Bl —‘?'-UJE”“”*
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! i fevel| | Ak 59 354 SA dFe et Hyun ef al. 2008)
+ T HellA o] BddA elujele fFadde] HduTh o 232
A Aol & o ok gl Ao Egol A= At
Figure 6. Concept of effective rooting depth 5 Ao B Aget B4 Zo)7t duh Hevtel 2
M e Zolg & k. olgh 9 FaIZES A=
el AE o)st fAK AEOR 5 A4 past  CIH AN RN SR s A 22 Aadel B
o ARCIE) Ao L0l 9D, A2 A5t 2 < o Azl $HS T,
B GaEe] 2457 9ok s=2A8H(2008) A Zhang ef al(2013)2, fElUetlAE off A=dR f1
= qxg,] o] wel YA T AL 2 9= Foke] 7 <@ A4 dol7k AAEe] slAlE don, 3o A5
NES gz HAEA ABo] ART 2 9= Hi Zo|2 AR ol Tk B4l e Aol ol s é;ﬁi A3,
H2AEE FAGT Ak ko) AAEE 720z s g U blem o1 AoAA = As AL olF viEoR
Y, ZEFE 03m(015m), A%E 045m(03m), 2= 06m o 8 BH 2OIS 6lem= Ackerai o] A7 A
(045m), HZA 7= 09m(0.6m), A2A T2 15m(09m) 7} H fFEdde /g BAGLUVA REdA 9Julsts frad
ANS(AZ) HAA%oth BAGLUBA RdlojAe] ¢&ay Y Jdole it 71E FAEA o 7k Aidelet
3 AeE
: - ¢ &5(0~20cm), E5(20~50cm), B35 (50~100cm), %
Effective Rooting Depth of annual Plants
with different Height 2(100cm 1) 2.2 FREE FaEs EXolA STyt st
o0 — A oAy FREAE EYE #3E Table 49 2ok thgd
T e S I oo EA REo} ok siF EqdA Aeke A4 Fiel o
S o fEZAS ok Aoy, 1) w2 Suuel Waks
A

Seo et /(2012)% 73R A A 7139 el o
2470 % EUE BE URAZ A A8 E9ES
I Ef‘é AFKAE 055 719ttt o] E3olA]
| 7l HE U EYSS ZAolE 300mmE 353, ©] Zeo]
AWC(Awailabel Water Capacity) [%] o BEoke A EAS 71y, FEIH M we A E
] g3t oS ke AR 7Pgstdth
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©
o
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Figure 7. Effective rooting depth of annual plants with different o TH
height, plotted by author according to the equation

Table 4. Available soil depth distribution at river basin (Unit: km?)

Very deep Very deep Deep Deep Normal Normal Shallow Very shallow
~deep (>100cm) ~normal (50~100cm) ~shallow (20~50cm) (0~20cm)
Hangang 262.3 761.14 1.982.14 460.41 3.554.35 732.56 14,171.46 315,69
Nagdonggang 158.58 961.36 858.53 639.33 331141 62.45 14.471.79 1,011.28
Seomjingang 65.28 12641 225.74 17444 677.87 0.13 3.210.90 10515
Geumgang 206.57 658,98 1,557.58 159.3 1,676.10 8.65 4,994.28 218.65

Source: Water Resources Management Information System, http://www.wamis.go.kr/
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A EAAE o 5~ L0/, AAAE 15
AAANNE 01~17mm/D) Aol st st
Table 5= BAGLUVA ‘:’EJ_Oﬂ A 71ZReE AR EAE

TAR RS o) AR WG Aol Selukeke] mAR
N8 A L] 5] AT AAGE, A
o o|4 AgY 7FEe FREIEA T frEddEd A
sl o) Aelg N1FoR T A% AAel FR

2 85249 2ol E A5l FA T ALFol udE 4= g
o A fE 2E2 oA HE (Lysimeter) 59 AS71E

AHgatol A Fhs et

3. Bagrov Aot A AHA

N
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T
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o
i
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Table 5. Capillary rise of various soil texture

Az vet

Zagst 5l vl

Cho1 et
AgE
She
oz THE w

17, Park et al(2014)

e A3 gl A

1)#} Zhang ef al(2001)

31, Al %‘%}"L ¥} A SRR A71e A HA, J
A ko] $83] ALY A
& Aolgt= 712 AAE nleto 2 3ok Bagrov, 1954: Glugla
and Tiemer, 1971: Bonta and Mueller, 2009).

P— ooo]?i Ea—>E;)
E}}—>oo O]E!j’ E —P

4 62 B/E, ol AWASE 2 &8 AGINE 353
o Z7bol g Al ZAg] WS} A7) ek v
BB, 9] 5 A2 ALANE A5 ST 03 2

A vERdt ol A% A

2=0
=i

SR Ep)% JJEHZ‘%““}%‘:( ) 22 AN S} 919] Bagrov
WRAE Ap 92 dehln Tt
#, dET,
P= - e A7
fo 1-(ET,/ET,,.)" A0

Calpillary riselmm/day]
Sail texture Distance between effective rooting depth and ground water level[dm]
1 2 3 4 5 6 7 8 9 10 11
Su2 >5 >5 >5 4 22 13 08 05 0.3 0.2 0.1
ut2 >5 >5 >5 >5 >5 >5 >5 >5 >5 44 36
Tu2 5 32 1.3 0.7 0.5 0.3 0.2 0.2 0.1 0.1

Source: Ad-Hoc-Arbeitsgruppe Boden, 2005: 353
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Figure 8. Numerical analysis results of Bagrov equation
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Figure 9. Relationship between Bagrov /7 and A/ £7. Ratio
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Figure 10. Bagrov 7 by various land use types, plotted by author
according to the equation

Table 6. Bagrov 7 by land use types

Land use Bagrov 1 (O, ¢ Available soil water)
Bare n=0.0013 « O ;- +0.101
Grassland

Ty = 021904 « "7 10,16

(mean height 12cm)

Agricultural land

n=0.63805 + """ +0.16

Source: Glugla ef al, 2003: 101
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