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SIMPLE BIOSPHERE MODEL INCLUDING URBAN AREA AND WATER BODY, AND
ITS APPLICATION TO THE BASIN OF LAKE BIWA

By Kenji TANAKA and Shuichi IKEBUCHI

Synopsis

A simple biosphere model that can be applied to complex land-use (including
urban area and water body) surface (SiBUC) is presented here.

In the SiBUC model, the surface is divided into four land-use categories ; urban
canopy, urban ground, water body and green area. This green area is described by the
same way as the SiB model of Sellers et al. (1986)® , and further divided into three
parts ; vegetation canopy, ground cover and bare soil surface. The fractional areas of
these surfaces are assigned to each grid. SiBUC has twelve prognostic physical-state
variables ; five temperatures, four interception water stores and three soil moisture
stores.

We tested SiBUC by using the micrometeorological data as atmospheric forcing
variables, and the sensitivity of the model’s output to changes in the various model pa-
rameters was examined. We applied SiBUC to the basin of Lake Biwa, and the heat ba-
lance of each land-use was well predicted. '

1. % &

HERFECOBRIERMBEINEGNI R - TE T 5475, FRIMBKERL, EEMRESORBEIHRT 551213,
EEHBEOKR 0K, 8) ORBZHAT LI EIUETHS. 1207 70—FL LT, GCM (KAK
WEREFI) VBAEFESTCH Y, £2Cld, KREMFRAOHEERII EFICEETHA.

GCM O TFEEREM L 2 A HERNOD 7 T v 7 ADEREILL, T CEEICEBILIN I NTr v E
FUHFIHENTELD, TNV EFNTIE, HPORENKBHTE LRV, ZOMBEISTL, ot
FRHIMENE % 8 L7- SiB (Simple Biosphere model)® 72 EDAEMBEFLANRE S N, BUE GCM IZHLY A
ThooHhb, IZ7UAT—- (~1km) OENEISBONIIOELLT, INLDOTFNIE, BER
KIGBREEZ GCM O 7Y v FRr— (~100km) CRIRLTBY, Ry —NL7 v 7HREREII L - T
5.

FZC, FBEHSBEEAGAREFNVOEL TWAERr— V7 v TORBEICIY L7012, g7 —
A (~1km) 2HRETRERDADS, FIERA 7 —MZBWTIESIB Tl - T b o 2T R KA D8
BIIEHTE ROV D, RO FIDIAAIIEFIVSIBUC (Simple Biosphere including Urban Canopy)
PIRETL, KR TRETHIIOEFNDORAr —VITE LERBEE LCHIEA 7=V (1km X v 2) TH
D, CORF—LOKBLUBIEERBRELZHERATL L L LIS, SOEFVERAICKELRAr —VISEAL



300 KB R ESR $ 375 B-2 F6. 4 (1994)

T ZEIZED, A7y—1N7 v 7OREEHE LT,

2. EFILOBE

BEFMIFDIODOBEBE LB LD TH 5.

F9, SiBUC EFNVDN— 2l - T 5 SIB BEF I DWW THBIZANTH L.

2.1 £PEEFIL (SIB) DEBE

SiB (IMEEMBOMA L EE L, BEACAREDOERY - PEMAELHZ DT A Y-V a vk

BIRLTHY, UTOREAGERL VR ENsEY.

1. FEDOFILORMAIC X %R D]
o & D HK DRI

. HHOKOBBI L iRt
. HE LT
TN EOREIL

\10’)014300[\')

SiB Tl 2RECREINTEY, BB
K ERDEFEEDF ¥ /¥ —%, TRILLEA
HMO—EED TSy Y FAN-2FT. WFEHITH
HTHLEDPEIIBEON TS, FNLFNIDOWTEE
oW BT T o 2 ANEHE SN, ERISEL
TEAEITCIRTEDOT T v 2 AR E 5.

THIZ3IB LD s, B ERIZEEKGORE(L
2EL, BAGREAKEVESOFERRH * 1T
L7z 2em B LD, FREBIIMART I3
DRNGR-> T b, K TFBIZIIBRORITEATE
0, PHBATEKELHIET S, HHViTHEEDL
SOTEKTZIINALETHL, RTRBILIZEN
I2& > THEAIHRET HDOATH Y, BTFADS
DKDOHRITE Z THiwn

Fig 1 3HEP LR, HE, I, KAE~NDOK
Dk, B - BT S o 7 AOBEBEER LT
e TH 5, MFOEHIIERERE O & A
WCEZBIENTE, 7597 RARRFUI v
GRIE - KEAE) 2hpiL, EHERET 5.
SiB EFILIIE, 2ODRE (F+ /2 ¥—, H),
2OMERIKE (Fv/¥—, B), 32001 ik
oE (e HEB, &KTR) o7HB0FHER
(prognostic variable) 2%& 5. SiBIZ& o THX

. FEEAE - BEFTERE LOHE S A EEORE

RIZEBEROME (BAGENR) & RIANOHEHEARFRE GEWFER)

ATMOSPHERIC BOUNDARY LAYER

.

s g g |

I

B

» T,

H,

fc

B

e.-m;—wm o2 CANOPY Teo—AWS T,
P O(Tcu . {

3
3 "ol

3
3

Wee

Fig. 1 Framework of the Simple Biosphere
(SiB). The transfer pathways for la-
tent and sensible heat flux are
shown on the left and righthand
sides of the diagram respectively.
The treatment of radiation and inter-
cepted water has been omitted for
clarity.
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2.2 SiBUC EFILOBE
(1) EEE
FERHUZ IR A ZHBRABAIGTEL, ZROOYWEIMEIIRECRELRD. 22C, FROETYHE
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RENEPHEHU TN 505D T, KERDADIZHET S (Fig2).
1. #h¥xv/ E—~ (C, RRSEOEY,
3% 1) — 1) Urban Canopy
2. AN~ EBREOHER, TRV
7V 1) Urban Ground-cover
3. Kxm@E G, K&, HB% Water
Body
4. B (B, HAEBSOIRHER Gren s

Urban Canopy Urban Ground-cover Water Body

Green Area
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FEAEHHYIC LD ER (1o ) & Fig. 2 Schematic image of the fractional area in
DA, HHVILE S TICHEIGELS SiBUC. The placement of each land-use is
I & M R BEE T TIMEICRIT S B, not described in SiBUC.
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Fig. 3 Schematic image of thermal infrared radia-

tion exchange between (a) Canopy and
Groundcover, (b) Urban Canopy and Urban
Ground-cover. @ is canopy transmittance
for thermal infrared radiation. B is urban
exchange coef. for thermal infrared radia-
tion.
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Fig. 4 Schematic image of latent heat flux in SiBUC.
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Fig. 5 Schematic image of interception of precipitation in SiBUC.
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LTl ZOIKEROERORIELTES 25508, BEEMICESTORMTLEDES L LTEL
LHEDE V. KREFLVOBAR% Fig 6 (R T.
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Fig. 6 Schematic image of water temperature model in SiBUC.
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Table 1 Symbol definition.

symbol | symbol definition unit
C; (i=uc, ug, wb, c, gs) heat capacity Jm 2K 7!
Rm; (i=uc, ug, wb, ¢, gs) net radiation flux W m™?
H; (i=uc, ug, wb, ¢, gs) sensible heat fiux W m™?
E; (i=uc, ug, wb, ¢, gs) water vepour fiux kg m ™ Zsec”?
P; (i==uc, ug, ¢, g) rate oc precipition intercepted water m sec” !
D; (i=uc, ug, ¢, g water drainage rate m sec” !
E, . (i=uc, ug, ¢, g) rate of evaporation of interceptin water kg m Zsec”!
; (i=1,2,1) tkickness of ith soii layer m
7 porosity
Qii+1 (i=1,2) fiow between i and i+1 soil layer m sec”!
P1 infiltration of precipiation into the upper soil layer m sec”?
Q3 gravitational drainage from soil layer m sec” !
Eass i ,Egg.i | (1=1,2,3) canopy, groun-cover abstraction of soil moisture | kg m ™ Zsec™?
by transption fiom the ith soil layer
<Ew (i=uc, ud, wb, c, gs) sum of the absorbed radiation W m™?
A; (i=1~6) area of 5th block m®
Zs.i (i=1~6) depth of surface ith block m®
Hl; {i=1~6) water level of ith block m
Pl; (i=1~6) precipitation in lake m sec”’
El; (i=1~6) evaporation fiom lake m sec”!
U x friction velocity m sec” !
Tin.i (i=1~6) temperature of river water into K
Ti.: (i=1~6) mean temperature of surface layer K
P, density of air kgm™3
P density of water kgm
Cw specific heat oc water J kg™ 'K™!
A later that of vaporization Tkg™!
g Stefan Boltzmann constat Wm K™

REEMHEL

WK & LGS SN, BEAT » TR EHT .

BFRBELCERT Sh, ZOMEZ AW CEREIR 20 MBIKESH Shb, 3 HEOREHOR,
BORTHERRE TR 79 v 7 ADFENTW D
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ZENHD. TR T v TOMESPSETHALDTHAD, 47 v PORREEH 1 REEICL
MELNLZVDT, BRAT » 7T 1M o TRELTLEMNIER L 262, o TI LMD (i
ATy TR EBUBEIRNEEZL.

4. EHERRLEER

SiBUC I3 A& e HETBROMEFHELERT LI L2 HME LEEFAVTHEDY, FRTIKRRET
N EDREEERTINNG, KRBT — 7 2 RRBOMHEIZEAL LT SiBUCEMTT X M5, b, &
HICHWES Ty (B, QR B, ASE, BkE) & BENTRESREXOLHEEE TH L
K (Fig 8 H%k) Db DT, HEIL191E7H1H~18 HTH 5.

4.1 SIBUCDFTABMT >

Fig7 (a)~(e) BALKRAHOLET  T7TT7 CLEoon " R
OMHE Rn), #8 (LE), B# H) 79 R IR L
y 7 2D 18 BHOFHDATLERLTE  © ot b d 00 7
D, FRENMENF v I ¥, 7T K _ = e iToe
S, il xS U, BN, Kz GO0fTerw 18 Gavs aves -
B3 bOChD. RELMHEE LTH, il 200 Do S
Bt b FRHOREN TV 5, B T 1 co0
K+ v /) E—TIHHRIIEIDREZ - T 1 200 ®
BY, BHOFENL (RBRENTODE, e T TR —— 00
SEERT T v 7 ADHIHIZADOKREREZRL, 600 [ C_WP/ R
10855 TERA bRV, BHEAS: 200 oD !
EEMREIRE RRLVEO EFTAEL -200F ' _
W, ST S v 7 MRS 7 7 v 7 A &I ] Wo(m
EFUAARIC R B, E2ADS, TOFETI ] 200
S IIRIEAME S 22 572 b DD, WHITE L : o-200
LIEREAYAE D, BED ERIERTL gg- (&)
$o70THBY. BHCREME otz oo
B Y LTI, BROIEE A LHREICES
D, BEBESICIVERT S v 2 AVEIC Local Time(hour)
% HESR (B ~8175) |\ OERTERASH Y
BHEOBMEE 720 L AR OND, Fig. 7 Dadi!y 'var<i1§ti)onl (18 ﬁays(fg)erage) of '%Tt
755 Kohs TR A LR rdatn ). e st L) and s
Ered (v / V-0 HEME) FERT S ground-cover (b), urban canopy (c¢), urban
7 ABPTERIL S Th . T2 e foring varole Fan. s T
) E=DLOMBRORELHY, Th gon, air temp.g) are also shown.
(TR T AT A\ a7, FEBEIZE AL

FuThnb, ¥ v EFHRITHMEGT T Ll
S TWBH, ZRNF—OREFITEOHEE
IZEDRDbRTWS, BEICKEADH A0, I FAN—IZBOWTHERIIEHTLRICE LW,
S CIHTHOTIINE- X ) EHNATEY, BEICER L MET X W BESEIA L) ZFLF—%
TR Gkt & 0SBy LT A, #HSCIIBMICE 2 -3 H DBUBET O E 726

— 9 —
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LTW5BDS, Z0—EEMAAITIS &) BRTEA LRGSR (8) 2o k) 28Ho
EiRfb I ERITERE 2 5.

BRI 7 9 v 7 AHKEL, TR8ERT T v 7 Z3E KESRERL D EV) ThHH-OHERED
IFINF—DEENITRASINTVAEDY, CORSIEZFINF—AWEOEREIIT L ENL 0, KiETit-
BREEEMRI AL, ZOL)GKAREDOA AL EHHLTWA LWL A,

PLESiBUC 28D L7- R 2 E 2 AR L CRT &S, i+ v/ ¥ —OBEBHISHTITNE 2D
TELZEEFBRINE, EEMNIZELVWLDTHD EVZE7259. SiBUC EFNVORESIZDWTIZE)
DOHE ALY DF - ¥ HAWTEHEEM LR L, 4HRIBETL T RLENH Y, HEICL-
TIXEFTIWIHEIE, WREMR A EILLTHAS.

4.2 N A= ORBEIR

ETFWVOFRBDE b B5<7:25, SiBUC TEH LWBEEDIST A~ 2 D8A L. TR
TlE, SiBUC EFWVIHERRD 5 DDI8T X — & IZDOWTIRESH 54T - 72

1. FoVEEscYRE (B)

2. #FFr /E-0EE (2.

3. BHHEAN-DEE (z,)

4. NTHEERE (Qu)

5. kfkoERBOEX (Z,)

AR BV TULERT RS RIILA LS TERBLTLE I, EBOHEHERL VD (1TEALRER
HRHBLTLED), M TANLF-DIZEALIZHERIZE VEBEEINL, 22T, KO WTIRE
EDORERET BT THITHE EEZLD, KRB TIIEREND LR O REL B0, & - SEk
DIANF-RMIFEEICEETH S, BEMOBERLBEHICE LD 5.

BILIREEDMANIC S EBMEIC D FB L RITBRWVA, BREOSESFOLDIEEERRITL, BitkEL
HAHITERERECRD. ZONRT A=y MITHBOBER, HiiF e / ¥—ICLTHO.9C
/0.1, #BATAH /N1 ﬁLT%ZCMlT%%

2z, WREOFEFRROBRBFEIIA S TWELD, #ilid v 2 ¥ — ORBEOMARIC S EEMEIC D B
TR RITL TV 5., aﬁmﬂﬁiuﬁbﬁLfﬁﬂMWIm,Wﬁ%bﬂbfﬂ03c/hnf%6

2 DIMEDOTEHERNOBERIIA - T D720, #HTH /- OREOMAIC O BRI & B
BERIFLTWA, z,, OB LT 10 4/0.1m, ZEMEICH LTH0.7C/0.1m T 5.

Qu W21 B LA DRNRN D ), —HRENIE LN T WA L HIZ, HEPIERH RIED TV A, ZFOREIZ
BIZHTIEBMI/IEW, L LI ‘
CATHEE SR ORBREIIZIIE A LB RIZEZVEWI T ERBR L TWADITTIIZL, &L
HBIIENTZTEE 2= ThHY, EHEIESNRITI RS 4y
ZEEFRLTWEENVR S,

Zs DK E (2 B L KEREOMAEISEN, BEEAVNE 254, 2m U ETIHIZEA LELIZ RV
(HELBFERIT/NE V). BOKEICBWTEE (B5) - BEEE LICAMIIKREC LD, SIcwEhE
{725 Z EEKBDOBLDOEELZII- 6D TCH LY, BEBERIIEALTELL W0, K %E 2
HETIIIDZ, £S5 =23 F NI EEETELRWEWE S,
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Fig. 9 Schematic image of ex-
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Fig. 12 Daily evapotranspiration (9 days average) from land surface of Lake Biwa Basin.
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