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The bowen ratios shown in the Penman(1948)(PE) and Priestley-Taylor(1972)(PT) equations,
widely used to estimate evaporation rate from saturated surface, were studied theoretically, and a
new method was proposed based on the structures of equations.

The PE equation has two terms. The first term X uses the decline of saturation vapor
pressure curve A, and uses the parameter of 7/A (7 is psychrometric constant) as a substitute
for the actual Bowen ratio 5. And the second term Y uses the vapor pressure deficit Je and
wind function f(#), and uses the parameter of Ea (=f(#)de) as a substitute for the actual flux
caused by the actual vapor pressure difference. Because these of 7/A and Ea are the provisional
parameters which differ according to reference height, both value of X and Y is also provisional
in the estimation of evaporation rates. That is to say, the Penman equation has a structure
that divides the evaporation rate into two parts, X and Y, and estimates each value using the
provisional parameters 7/A and Ea, which are variables that change with changes in height. The
Penman equation can be applied at any reference height if the wind function is known at that
height. Under natural average conditions with a positive Bowen ratio, the constant Bowen ratio
line in psychrometric chart is the shape of going to upper right. Therefore, the ratio of X to the
whole rate increases as the reference height nears the surface.

On the other hand, the PT equation consists of one term which has the structure of
multiplying the first term X of PE equation by coefficient . The « is a coefficient to correct
the error due to ignore the second term Y of PE equation, and also to correct the difference
of /A from actual Bowen ratio 8. Hence, coefficient « is also provisional parameter which
differ according to reference height. As it is clear from the characteristic of the X and Y of PE
equation, and as Priestley and Taylor(1972) have already mentioned, if the reference height nears
surface this @ becomes to be nearly equal 1. This suggests that under natural average conditions
of evaporation occuring, the Bowen ratio can be approximated 7/As (As is the decline of
saturation vapor pressure curve at saturated surface).
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If we assume that the thin layer on the saturated surface has the Bowen ratio 8 as the form
of the 7/As, the temperature and vapor pressure at any height should fall along the constant
Bowen ratio line shown as As in the psychrometric chart. If so, the equations of PE and PT are
resulted end in the equation of Bowen ratio method, and we can decide 8 from the observation
data of only one height because we can easily estimate As using computer calculation. The
advantage of this method are; only one point data at the height of z is needed, the wind speed
data and wind function of PE equation are not needed, and coefficient @ of PT equation become
useless. In this study, this method was proposed as the name of Surface Bowen Ratio (SBR)
method, and it was verified using data from two lakes, Hokkaido, Japan. The resulting values
calculated from the SBR method were close to those from the original Penman method and it
was thus proven that this method has potential as an effective method for estimating evaporation
rates more easily. The SBR method is on the basis of above assumption. Hence, it is necessary
to confirm the effectiveness of assumption hereafter.
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HRE 2 O DAEFHEITHOWTIE, 4% THRA RIATEFEPREI N, £ OREERH 72
EREmInTE R, LrL, EOHEECEEN TV OB ERICOW IR E b &
LT, FEtHCERIN TN RNWESICE XS, Fric, HMIRmMOBUINK ZHEME LR —=
Ib¥E (Bowen, 1926), ~> < (PE) # (Penman, 1948, 1954, 1956), v~y « BT 1 —
A (PM) ¥ (Monteith, 1965, Monteith et al, 1990), YL A~V « 57— (PT) ¥ (Priestley
and Taylor, 1972) IZEHL TiE, ZNENDHIEICEEN TN L ILEOFMHRCIE R L RZE DR
BEIZONWT, BEALERSNLTVWRY. TH5OHEFHERIICITERT 2 RIBBRVIEE
HRTH Y, K VREZEDSEHNE L FEROMBRIZTPREETH 200085 2ffbh a1 T
Wwa.

HRE 2> O DOZEFE - ZKEUL, HMRE~OBDOUIE 2 N— 21T, KR EDKESIEDZE, JEH,
T OKILOBML ERFER L R> THELLBRTH D, £ LITHRE OIRE, KROLE
EETENT D, 20X CHEBHEGIIEMETH DD, FORFAEL 2 im0 BT HERR)
HHERATRDIND. Leho TEBBEORIELEL, FREZEME L FELBREEREL
L2 FIEICKI S VD, AIE BNERIIFITETHREDRBNCEIETH S, e BBIEILEH /T
NTWDIRFRBSIEE, BUREL D L KARROELREIMER L T7 7 v 7 A Z2RKD 5 HET, K
BRTIIELANFENFEICED NN, FZ0FELE L TBESITLONTWD., BRIFNS
TR OHHE 72 & I ORIE ICHERA S5 23, BUEEIT T E L TR OEYE %
KODFEE L THELODATWD, ZOBEIE, FERHEICKIT 2B OZb 2810 TR E L <k
WLZLEBHRETHDZ L, LrLENLZREHREYMELE L TR 5 ERERIICEREI/NE <
RHIHTHD.

REWEEEZ DS, BREEOFSILRFRIIRINL TEZRTFIUIR S 20, ZoOX B %K
RICL Tholeng, BIELIHEROMIRNCRBNLAL S, flZE, R~y (PE) XB LT
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Ny=v BT s—2 (PM) RIFEDICTODHEN SR> TEY, H—HIITEHZ R L X —
D%, TIEICII AR L faEMED TS, ZOROE - HAE B IE, £oHEZER S
HETHERB—BALL TS, UL, HEMKRTRIT 72T TR, ZORAFLLT, #
—IEMPBUNFICRK T 2 &, FoEPERNFICRRT2ETH D00 X5 RERPMThivTn
LOFERMTH D, BUNKITEBHOBRE L THNALLIBERTH L0 0, FHREITHOHEE TS
D, ZOXHBRBIRNAEL 501, PE ROYBEAEES+HICHEBEI N TR TH D,

PEVE, PTEIE, Wb R—= Uik aRElc Lz FikThsd. LAL, ThHHDFEICER
F2HR—Z U B DEXFITONT, HIRMITERL TP wv. gBzhEhoRXoHpiceE
DX ICHIIAEN TN D P EEETIVUE, SRR T 2N ERCHEES S 5 2
12720, HLWIEEORFICLERHINDS, £Z TEHIL, PE, PME BXUPTIEC
BENTVWEIR—Z UL DOEZFTE2RE T T 7 %Mo THGHICEET S Z L2k, EE
DABBRITEHTH DD, T T TR ETBNCHEDHTHR L 72> TV D EARIRE 2 5 LAREIC

TERERETD.

O. AVARVEISYHIRER—T U

—fIC, HFRiE OBUEIIRATREND.
0r=Ry—G=H+IE (1)

BL, Qp: BR=FIX¥—, Ry: FHEHEE, G: HF Okf) ~oBd%kaE,
H: WEnER, E: EREER, Ok, BEANE Im™h™" £7201% Jm~day ™)
[ ZFEOWEE (kg'), E: Z&%H#E (kem™h' 7213 kgm “day ")
Ry & GIIFHEMNE, [E L HiZEmENE
22T, WRAOH, IEZENRFhRATRENS.

aT
H= —CP,OKHE (2)
. dg  0622p  de
B =~ oKy gl =~ Ky )

BL, o ZROBE (kgm™), Cp: ZROEELE (Jkg'Ch, z:HE (m)
Ky K@ BB KRR OEIALRRE (m*h), Pr: KKE (hPa)
T, q, e: &Sz TOXKIE (C), iR (kgkg’) B I UKHESIE (hPa)
0.622 @ JKFEK & B ZER D3 TR D M
R—x Uik, BEAVGER H CEVEER IE Ol E2 R —x i (Bowen, 1926) LEFEL,
IERH R Ry E IR ~OBR%RE G 2B L TEH=FVF— Q Bk, LiEA—= A



94 i fH—

L QEMSTHEIEZRDDFETHD, ZOFEZEUIEICKIT 55 S EARHRHET,
HFEOWEE (Bafn, REafn) ICBIMRR S EERBBREZ RO L HEE L TUALELATWS (#
H1E2y, 1994). Z 2T, BITHEREITGEW 2 HBEDORIE - EOBRIMIORObND, T2

LW (Kp=Kp) SRETHE (2), QXzdbLickA»rokdEND.

_H (T -T) _ (L,—T)

P~ lla—a»  T(e—ep @

L, 7: WBEER (= CP;/06221 = 0.66, A7 : hPa’C™)
@RS BARRKDLNIUT, [E & HIZB 2> TERENRENLRD LS.

_ QT _ IBQT
E_T?E H—1+B (5), (®)

R—T VB, BIROEEDB RN L iR L TWA ), Bl T TE+9R 7 =y
T (VREERE) BUETHD. EREFRELZAMRE L TWEA, RGO T 7 v 7 ZIFELFE D
HCELDHETHDEIND, LELIMEEED D ITIIBHINEIL D 5 18 E ORFEIR %25 - 715
ERAHIRT 72D,

Fio, F— VHIEICIRO LS RIER B D, T7bb, BEHBERIEN TIXEE, BHEYRE
ENRESTHTETHDHENIa LV AF N T Ty 7 ADRETH L, ZORER, Bll+5
2EEAHEHEREANOLEDEHITLESTHL 7 Iy 7 RAT—ETHY, LIEBRosTHR— A
Lb—ETHELENIZLEERLTWS, TR —x U HEDNRS TR St 2E5
TEZTPEETH D10, ZOWEEAERES > TWEURORETH D, XHICZOREH,
FRBRITRD T Ty 7 ATHER PLIET—E Bb—E) TV, LEBR>TZEDT Ty
I ADERFEHEITE LY, VWO T LEEEKRLTWS, ZHUE, R—= U ENEEIRE 2Rk
ELTVDZ EDBLEPNDYIRORETH D, ZD X I ICR—T U iEE, BEHBEREANTIX
AVAZ YN T T TABRILLTEY, LER->TLHL—ETHDEWNIRELZEREC, 25
EMo7 7y 7 2P OHMRE DT 7 v 7 A ZWET L HETHD, R— VHIERERS 7
T v 7 ZOBEETII L, REBERNEEL L TEDULTWAHEER, ZokoRharzxg
N7 Ty I ADRENRD DD THD, ZOREITXREFENHILETEFBHELNET 5561
WREAMEIRTH Y, MEEOYHENREREEZD) X THO TEETH 2.

ZIZT, R—xVILEOBKRE V7 7 TEZTHL., M1, EERKIEICRIT 2 RIE & KK
K[EDBRE R LS T 7T, BTLH2OHH CIIESRH LI TNE 757 Ths,. MFD
BB A R SE 2 R TR TH D, EROBEEREZTIZO/ I 7 o1 fic ey b Eh
5, ZOKICHEmMEDOZELGOREZEIZLICT ey b 5L, bLaviAgd v 7Ty
AW L TOAURZEN S A SFER EICESZ L1272 b, ZOEBRPR—Z U EDHEMRT
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Fig. 1. Constant bowen ratio line, AB, in Bowen Ratio Method.
Point A and B are the air conditions at the different observation heights of z(A) and z(B), respectively.

HY, R—x B IXZOEROABLOFEICHIEHER r 28T 72 (KHF D ytan0) THRE
N5, DFED, ZOEMRPOLPIIEZOBEELL LDPROLNDE., R—=VENRRLRS 28
EoBAEZLELTI0Z0RDTHD. K1, BHILZ2EEA (T, e), B (T,
e,) LHEMABIVRENTWEY, ZOEM ABIZRITS B OEE LICHEROZELINH D Z &
2%, EBROBRWESAMAITELITIC X W ZBL TV 5 2 LEBREHE CITER Eic 7w v b Ehzn
b LRV, R—T U HiERD ZRHNOEERREEL LT, TOX572 8 —EDHEMZ
ELTREETHD.

m. Ry (PE) FEIZBFHEHR—T o

1. Ryv v (PE) ROEBH

Ny (PE) EIFBNEIEICES NN EEMAEDE R FIETH S, L LEARIC
BR— U HEER— R LB KIETDH D e, HEICEEND R L RE TR — ik
EEKFUTHD., ZOFEORKEMIT, Bk Safnl 2HRE2 S ORI LAEL L, kK
EPLBAEEz ETOZRSEEEZ, z DRBENLOR—T VB EHEL TNDEILETHD.
DEY 1 AOESOBRNENS B ZHEETHDOTH DA, HMEBRERDBEFIL TWD LW H&iEL o
VARV NT Ty 7 ADRERENEZARRICL TWD,

X 2%, 2R EctEREOZERS (T, , ) CBMEEzDEKA (T, ) 7 ay
LTS T7ThHD, MBEEITAML THWD EWSLEICEY, SITLTRARKED -



9% i fH—

27 my hEND, MEERBALERAS DR — VI —TEDEMRITL D005, BIFEMR AS
BoPNIERDBND, ZIT, MO ASEZRLLETIEA=ZAROE=ZDHRZ B (T}, e),
A DOBIFVIREER C (T,, e), COPOLEMBSICEALEEROLZEED (T, ¢, T35,
Ry AEOR—Z U B 1TIRD L 912725,

AB AB DS CD DS
Br=r—=—==r="=== =

e ™
BS DS BS DS BS

()@ cp/DS EHEHME CS DAMDHFEH TH L. Tz C (T,, e, BT DEFKEIEDS
Bl A O TIERIL, M9 Z2ENTREEKEAIETESHRZ DL, KOXOITRD.

_ @' R 7l_ €ss ™ Cus 7l. o eas_e>
Br=155 35 A e A <1 e e, ®

AL, T,, e,: HIREDERS DIRE (C) LAFKERKTE (hPa), T,, ¢, mS z DZEX
ADEE (C) LEFI/KESE (WPa), e, : BE T, TR 2 8Ff/KESE (hPa)
A BIEEOKIR T, I8 2 88fKAKIEDOHE. (= de/dT)
@)ABRy~v BB IT LR — B OHERXTH S, Q)XiL, £TBHIEE A ORI (T,)
IZB T B EIFIKAKIED AR A 2> THEHMR CS DR— U (f/A) ZERIL, ZhbEMR
AS DR—T U Bp ZHEET D LWV O HIEIC > TN D,
@ XKD B ZB)RDBICRALTEIET L L, KOLHITRD.

_ l _l Css— €y
0, = <1+A>ZE A <8557ea>lE 9)

—F, TERNFHHETIE, —RICT7 T v 72 (FK3ERE) EiX2 SHEOKKKIERE (e,-e,)
ICEIRE R AR L CRHE SN D, B REICIE AV b v o EEEE, Y —r AT oA hOFREK
(Thornthwaite and Holzman, 1939), SV ZZ#aff¥ (Bulk, 1945, ¥, 1994), ZERJ1%E#KHT
(Monteith, 1965) 72 EkEx 22BN D B0, R~ FEEBEEK f(U) 2fio7z, f(U) 2Ex
B EMRER (E TRO Lo icksh b,

IE=1f(U)- (e,—e,) (10)

INEQ)ROALE _HD IETRAL TEHT DL L, (e—e,) MPHEI N THREHICEIEE
2 TR 587 (e,—e,) ZEffio kAN EIND.

 AQ; | rif(U)(e,—e)  AQ; | 7IE,
B = A+y " A+y N + Aty

(11)

AL, E,= () (e,—e,)
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Fig. 2. Constant bowen ratio line, AS, in Penman Method.
Point A is the air condition at the observation height of z(A) , and S is the air condition at the saturated
surface of z=0, which is not observed.

ERADEBA VDY E R~y (PE) XTHD. v~ 3BAEE 2% 2m & LBEA DR
W S(U) (HEAD) &L T, UTFTORXEZRERLTWADR, PERIIEI 2 ICRAE-T2f(U) %
HEXIEEDOEESTHHET DI EZHMFEL TRLERD .

f(U) = 0262 + 0.141U, (Penman (1948) DA HAIHE L THER)

F(U) =0.131 + 0.141U, (Penman (1954, 1956) D% HATHLHE L CTHR)

BL, U: 8EE (ME2m) OF#E (ms')

RBLERWO) 2o THE, 2= rPRLeROEN I L BERS 2P REINLTND
(Doorenbos and Pruitt, 1975, Brutsaert, 1982, Allen et al., 1998).

PEUTL, [EDER T3 — Qp L BIHIEEDOIRIBE LT HRD SND DM TH S, (11)
KD Qricidtid ki) ~DOBEEEE G BEENTVDLN, Ry~ 3%y, 1 AL EOHH
EFHRELTG 2ERA LN EZRER L. LALZOBROZEL L OFFET, WHEORIETIEG 2 &
RTERNWI L, F72 G 2 EDIVIR A OHEE b ARE/R Z L 3RS h, BIETIEG 25
A EGRADRABEL b TWa., F£72 PEROEEME, #HAFEECONTHEEX RAED
LRETENTWS (Sene., et al, 1991, Linacre, 1993, =i 1E2>, 1993, {#E , 1996) .

2. Ry7 Y (PE) ROYEBHEK L BES
PE Tk, —MICPEROALE ~HABINKE, H - EHREKHFEEEHIA TN,
ZhiE, EERR—Z Ul B B /A LBV EOR—Z U EOR (B)R) ERALTHY,
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B IENEE B A o 7o BRI F ORI > TS D TH S, LirL, TUHE—IE
EETIEHIIBIIEE 2 1Ko TEREILT S Z LICHETNETH D, FIZIEK2 T, 2z 2k
i SIGES L ADPKES RO THIEOMENRKEL RS, LPLEBIMSEEIEIZEDESIT
b (AVAF U NT T I R) THLIPD, MEORFHEIE XEDL LRV, Lich>TH
TIHOEE, F-HOEPKE K RolealZidMichs<0n MREIGES RS L F(U) TR
ELRBEN, fEITNEL Y AL EDD ), HENICENNEL D)., 2FD, FHD
Y/ AFFEDOIDICEASNIARD/NT A —5 Th Y EEOR—Z U TIERW., FEEICHE 1
DEGERER L O (E,) bAEODICH TS 2RO T A =2 THY, EBEOT T v IR
TR, TRHEREREOT7 T v 7 ACERR<ES 2 TEUT 2237 A2 ThHD., ZOLH
2, PERF 21K TARFIA=ZPEY, FE—HEFE _HOMEPEDLWEITL->TRY, &
HOMEIXHEDOZDDOROMETH D, 2FV PERIT 2z ICL» THEOR D ZZEZXTWAH T
H5.

Javis and McNorton (1990) 1%, PE XOFE—HEFE _HOE &2 T 1y 7Y v 7455 Q THRIL,
QZHERE & KRDOERDE DI ZRT /NI A—F LTS . £z, 1D)RDE, ZKKD
XN ) 273 BE%k (atmosphere driving power) & 3 2fER S H 25 (Rimmer, et al,, 2009). L7221,
Qb E, bBRIEE 2 12X TET 200, R—0EBBRRIIIHEZ 2V, QRE, o> T
W AHAE, BRSSO EOEBHESEILBEORS 2 THAIL Tt 2L, AL
HETHIVNERDD.

PE RUIHBRHEIFIL TWD EWIHRIHE TRV > TWa, L2l QD R, HFRmE M
L TWARWEAETY MAIEEREE] 2k e L THEDLNA TS (Penmann, 1954, F)&,
1972, EA1EA>, 1997, Romanoa et al., 2009). Ziuix, THERE 2 FnL TWA ] & 9 AR
BOZEREY, BUEORBESMPOHEL LS T5b0THS. LirL, EEOBIHIMEILH
KEPEFL TORWRE TR ESNZREETH Y, b LHBERRSRAML Wb 7Ty 7R
DEDDPLRIREIC/R DX T TH D, £, (1) HEE SN D ATRERTE & ITEHE K 3 E
ZIZRARDMEICR D LRSS, Fl2iE, M2 THAE (BE2) %A, EBRORMMMER
%D, IEOMAMMERZS L L TELXLTRS. Z0HE, EBRORESHIIR—= U H—ED
EAE AD THRENL6, B A ZHFEE D IESIF TV L ATRERFEE ZHEET 5 EH AS
DARHPEAT D, ZHICIVEER— VBN ED WHEEEIED D, Lo CAlfER%EE
BREIEE 2 1L > TRRDMEICRDITITTHS. £, z 2B 2B ET 2 fiEm S 1%
YFL S ROMEITIER L RWATEELH 5. ZIUTOWTIEE SICEL LSBT I 6ER D S
2, QDX LATREARREZ RO 254, LR XS RMEAREEN TS ZLICHEL TR
SHERDH D,

FHEHE _HICEHEL TL OV DEERZI LD 5. K212RB8WT, #HiFKE S OREE
PE S z OBIME A OIRIEE XV EWGEE, BERASITEERYICRD, R~ BT bZh,
COXIBELERY OERER—T U IE—EDOEMR L L THEL TS, DX, FRHT R L F—
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Qr BHIBEREL T, REDHEERIITLNTWEIRETHS. ZOBRE, A»DS~EBHE
EzETIFTnE, ®FXnrbbnd Lo (e,e,)/ (ex—e,) 1T/NELRY, R~ DR—
T U B i y/A T DL, ZORE, b LHIREICRIT KR KED AR A, BREHR AS D4
FRIZZELWET DL, Boldy/A, TEbOENDZ LIthd, ZoRKEOXEADKITLEHITE=
EAYelz2Y), #RHPERIE—HLZTICRE, ZOBE B TKROLHITRD

Bp = T/As (12)

BL, Ag: HIREORIFIZERIRE T, ([Z3 1T 2 BFI/K R KE D AR
THE—RIEBRr —AD X ICRA LM, (12) AL T D mraethidmv. b L (12) ASEkaz
% 72 GEIFIHIR I OIRE T, IHEEFIREIC 2D, By bHEEFTREL VWO T LT 5. BN K EE
BT, ZHETROOND LNE, ThEze V MTHLWFEZEZXDL I LIRTE S,

3. Ruvv - EUT4—AR (PE) #EIZHBITHR—T U

~Xv~vy (PE) 0Bz HFeRESE, QDR OK[AEIT (03B EER) o
ALDIAATED IR~y - BT 4 —ADORA, PMRA) ThHDH., PEXEFEIC, PMAS £/
BRI KEIAR -V HIEERIU TH S, 272 L PM XA 2 5HE, [ILEROMS %
T CHEARE L TR R IVUER S 720,

MY OHREITIEORLDOHBIC L > TIFb T3, 22T, [A280ERKOEEL —E
LIREL, K[ALWEBICEF L L ZROFELIEET D &, KHULZ 0fRMZER L FEDO KR DKAE
REDZE (f37) TX-oTEL S, ZOHRAOIWMERB I TR L Lo BPKAES (2o
BRI H o2 v R) ThdH, KEEITIBEIN L ZELOHAETE 200, [UBEEIZMHE
ZIIRHEALILOMMREBLEEEIETEZDAZENTES, Z0EX T A TEDNIH
FKEIWCHEHALZONRPM A THS.

KA & BRI FHEY A > CTHEYGER H EEEVGER IE 2R T L, ROLH1ChkD,

HZM(QS*TQ) (13)
Ra
0.6221p 0.6221p0 0.6221p
—_20alll L, o)) = o) = _ 14
IE PR+ R (e—e,) PR, (e,—e) PR, (e,—e,) (14)

L, R,: HiFEH (FEH) 2»OB8HIEEE TOLEKAFEN m"), R, @ KAEH (hm™),
Ty e BEHBIOKILNFTORE (C) & RALNTBOEFIKZESE (hPa),
T, e, BUAISEDOIRE (C) LAKIIE (hPa),
e, FEm CEICHETLER) OAEKIE (hPa)

(13), 1) K26, PMAUTBIT DR —2 U Bpy (FRD L D 1272 5.
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(15)

RAR ([ T—T,
Bry = < >

R e,—e,

a

FRoBy appirRu~roR—2 B EFRIUTHD. Led > T, Beyld

(16)

_ Ra+Rc _ Ra+Rc_L. _ 8y
By = R By R A<1 e—e>

c a SS a

AL, e, BEEDRIE T, \TBIT58MKESE (hPa)
A BEEORIR T, ITRBIT 2 HFAKRKIEDAR (= de/dT)
L%, ZO B B)RDBITMAL THEHT S &
—Q+lﬂ+£9»Em—u+6)<———>m 17
Or = A R, e.—e

L2y, ZoXROEDE2HED IEWC(14)KD IE Z#RAL TEHET L L, KOXHITRD.

_ [or 0.6221p(e,—e,)r/AP,R,
IE = 1+(1+R,/R)7/A 1+ (1+R,/R)7/A (18)
— AQT—i_CPAO(eas_ea)/-Ra (19)
A+7(1+R./R)

IRAPMATH L. PMATHE HOH FOEKIIIFRIR, ([T 255 2 BUERM TR &
Dz, R Z0ERITIE, D)o~ ERLICARS. PM AL, EWEHTH Dm0
BABA 2 HRIC KRB L e LTI STV b, Ledd-> T2 oL, RERELZRD D FE
ELTTEARL, A— UV EREMOFIETRD I EFHE L ZORITRAL T, #RICE
TRIUEHEZFET D L W o b Z2 L TN 5,

B3, PMRICBIT DR — U b—EDEMRE RN DORBEDOEGREZRLIC ST 7 TH
%, BAFIKEKEO R EIcdH D S RN T, D23 ER FEICHETLIER) ThHhD, EON
SOBEITELNEVWIEMIZLY SEDOREERFRLTHS. ADBNEENOEL LT D L,
R—T U L—EDEMRELAD TREND. EREMR DS TR OKERIEEZTHS., 22T
(15), (16)XKEHD L, EHIEAD TRIND PMADOR—T U Bpy 1E, ETEMRAS TRIN
LR AEOR—Z U B BWEL, ZD LI (R, + R)/R, T T oy ZHET L &
HSFEEICR STV D,

Z 2T, B T R SR OB A DR EERBRICOVWTO L ER M2 TH L. (18)
REM3PH005 X5, PMAUL, fafiRm s L TRANTO S 28 EL, FHI AR
MR OIER D ZMAAALTHEEIC2>TND, 20D, PMATIREREE 2 22 %2 THHE
ELTWAafniRm (KILNE) SIIEDbLRW., Lo CRIlERRELZE X DHAE,
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Fig. 3. Constant bowen ratio line, AD, in Penman-Monteith Method.

Point S and D are the assumed surface air conditions at the inside and outside of plant stomata. These
points are not observed but decided by observation data of A at the height of z(A).

ZIEPM OSSO LI BRLEEL T ERD, TOSEEEICL R —o U HEEXTZTREW
X925, ZHIZOWTIE, SOKRD LS EHEEL LR — U B2 DX ICRETD
D, EFOZYBMIR EREL R AEPLRADPHLETHY, SHOEETHS.

V. ZLRRY « F—F (PT) ZIZBITEHKR—T UL

Priestley - Taylor (1972) 1%, XV fiHICEEVZER IE ZRDH7DRD X5 il a &35 2 72,

IE =« ﬁ-qQ-; =a lfrT/A = alE,, (20)
BL, E,: PHZEZEE kem™h"), A BIRE (FHX 2 CBIT 28K EKEO AR
by s L2 RY - F—=F%E0 PTHR) THE. PTRbEk, EHAMICITa =R
T Ty AERHEE LR TH D, WMORMEBEDOT —F 2o THREK a OFEEZRD,
a =126 LW EZHTND, EMEOIE, MRERPIAEMOEE, ald1.26 KV/hS<5L
THEL, TOa BPHEEICKITLEBEDOIRIBEIC/RD Z L A2REL TWD, EBHRIEE ZH
FEZESTNIEa =112 L FRIL, (20) RITHRMEWICREIIEE 21T OBEIC 2 & FRIL
T35,
PT UL <FIHENFERY (Okada et al., 2000, Yazaki, 2006), F7=ZDfHRE a lz>WT
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VIRE & ZRE DS ST (MacNaughton and Springs, 1989, Gulf, 1994). L 2>L, Priestley-
Taylor (1972) H/RBLTVWD X9, ZOa FBHEE 21X > TEDLDINRTA—FTHDHZ
CICBEBETARERD D, G)REQOXIPLLLE LS, a lFKRKNTRINBENTA—FT
HD.

a=+y/M)/A+p) 21)

DFValt, F—x B % y/ATEMLELZDDOBRELBIET DT A=FITHRoTND,
AVRE U NT Ty I AP Lo TV 2 EBEREESE T, IRIBEAR —= U b—EDEMR LI
DL TND72D ATBIEE 2 1ICX > TERED D, 2F0, alizlitX>oTEDDL/NT A—
A Th%., LIciioT, MREHOWRELZRTNRTIA—2 L L Ta 2HE5HEITE, 2z EEEMT

BT OMENRD D, B, REVBEML TWAEADORRBEZ RICEEAREELHL TV
%. Raupach (2001) 1ZZ DPEHAFEICOVWTERL TRY, KRANVHEML TWHIRETIER—
TUHB /AR D EBRTNWER, ZOHEalTlichs. 220, QDR2LHHL
NTHD,

ZZT, Rv~wv (PE) REDOBEFRPS PTROGEE e 0EKEE X THS. PTRITPE X
OFE—HICa ZHNT 2 DT, ZNICE Y PEROE _HELMK L IcIC> TS, T TIKH
817X 91, PERI z #HIERRIGE ST IVUEHE HAE v GE3%, FHET GRS
%. L7275 T Priestley * Taylor (1972) 2 FRIL72 X512, z ZHFRmIGE-SFUEHREK a 131

RS 2 Eiee s, BRI, MEEIE Y E—REL YU T2 0B EET O a 23 1.03
BEOL06IZRoTz WO BREF S H D (B1EA>, 1990).

DEDZ L #RAELTELD L, HHRRPMFIL CTWDHE, 2 #HRmICGESFEa 231
WD, BIXB=7/As (As ZHIFEICR T 5 BFIKARKIEOAR) T SND Z LT b.
b LEARFIRER S, ffIRE ORERN DL, B (=7/As) by, PERXL PTR L&
Bigle R —= o iEoR, GO)RICFEINDLZ LIThb.

V. REEEEEIZESHLLAEDRE

ZZETOBENLHALPR LS, BUNEER—R L LEEHEETIE, R—orl—ED
ERROHEENREIRICR D, e OEAMRIE, HREAEFL TWD & 5 &l TF TR iR E
C BT B EFIKRRIED AR As THRILTE ATREMEI E W

::f[ﬁﬁlzw¥—%ﬁ#ﬁéh RN L IR 22 D ARBLRPAEL TV DH5HE,
ZOR—T U BITHIERE ORIMERICRITD As > T, B=7/As TERbEND] LRE
LTHhD. ZORE, %ﬁ{ﬁ'mrz Z MR HICUT 314U, Priestley + Taylor (1972) 23T L
TeXoicaB1iciE23< 2k, £~y (PE) ROF_HEREwITESILK 2 bbb
KoM, BT o RRMEAE Y. FEIL, MREmAEL TWLGE0ERTERIT, Qp VEED
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DWIKRKDREESIT L » THEBICENT D, TOEIIEL = v/As 1T B FANCENT D,
SEY ZOHCT CEREER L O LOESBOKE T 7 7 A ANES, LizRn->Th
LM OGME % L TR E ISV KRKORIRE 7 v 7 7 A )Vid As TRDO I N B ERE EITH
42, LEZTVD., LPLINEERRHTHD D, TITIHREL L THELED .

R—T VBB =7/As TROSND ERET DL, PERBIOTLANY - 7—F (PT)
RER—Z VIEICRE ST TEARBEZHET 2LV, HILWHEEEZEZ LI LATES.
Thbb, B3z BT HENME SGREEOMHE) 2 ofafithRE OIRE T, Z2H#EL T, KX
D OEEMGRER IE 2RO D HETH S,

IE =~ +Q7§As — 1Q+T/3 (22)
(22) i, BEE 2z 2HREE T T TSREELHRETIC L 72RO PEXE2E —HIE T
THEPILEZRTHY, ERFEHECLTPTROa 21 EBWERTLH S, BARZD1F 212817
5 A ERFMER (250) OAs TEEMRX7ZATHD., PERIIEEEE T, BRHTHD Z

EEFIREE LT, TORHREY 2 ELKNFNTHEL TEESNXThs, —FH 2R
B=v/As LIRETHZ EicE Y, PEXEPTREZFLE, 2F0 BN TRINDLR—x Uik
ORIIFESETHRBLZLDTHD., ZORIFERREEZE->T, PERSLPTRICEENT
WD BT S (PEROHE IH, PTAD @) ZMVBRWEATHDL ZLICEETRETHD.

BNAEET L, ZOHFETMER S ML TWD LW FEERRBRALT, 180
BHMEA (FS2) PHLSEHEL, SICRITD As #ffioTH (57/As) ZHET D, v
FETHD., ZHUCk Y, R—= U HETHER 2 GEOBEIIREICZRY, X<k TRE
72 EGE & JEGERRC D REUC /2D, SBHICT VAN T —F{EICBIT D%k a bREICR D, b,
BRSO T 3HL EOHE TR ICHEEDRFRETH B, 2F D A (T, & e,) D HLEIFIAIK
KUEDHFRAAT CHERZGE, TOXREESELT, HMASBSITBITS AsicEL <725
X9 SERDNITL V. ZOXIRERII—DOLILRNLDL, SIEABRENIZ—FMICHK
F5. ATz olidEy [FEmA—x ik (Surface Bowen Ratio method, SBR )| &3
FELTRL., BRBZOFEET, ZEFEHAL TH IV, &L, T, 28T 250138 L W=D
ZOGEE T, OREICERETRETHS.

EFIIBIE, ZOSBREOEHEELRIEFH TH D2, ZITE—HlE LT, BECHEIL
eiEER LW o7 — 5 (g, 1995) &, BIESIT TH 2HgRH 0T — 7 2> THRIEL 72
FERARLTHE L, K4 PR, M52 HAFGMosITH L. FRLET—2i3. Wi bifm
CTAZFP_TERL 2@ E 2m ORIE, WE, EEHB XUOKIRESMEE, WRE0oKE TEML
FIEWHAETH 5. BHIRIZE LA 1992 45 6 A 25 11 A, JA#RHA 2010 4£ 8 A 25 10
AT, mHEEL 1R TT—2 285 L. FEIETFT—2 2 B ESHEICE L TIT-> 72203, [
FWNCOWTIINEEFHE O X2 (T, 1983) TKEDITEELE OKkF~DEBEE G) »
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Fig. 4. Comparison between the lake evaporation rates calculated from Penman method and new SBR method.
Data is from June to November in Lake Komadome, Hokkaido, Japan. The E values of SBR method are
calculated using the equation of Bowen Ratio method, that is, estimating the decline of saturated vapor
pressure at the surface, As, and putting 7/As to bowen ratio. The large E values are due to the observa-
tion error of available energy, Q.
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Fig. 5. Comparison between the lake evaporation rates calculated from Penman method and new SBR method, in

Lake Toya, Hokkaido, Japan.
Data is from August to October in Lake Toya, Hokkaido, Japan. The methods of calculation are the same
as Fig4. But the 15 days moving values were used as daily mean values of heat exchange of water body, G.
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RELRPoTclz, GIE15 HEOEHHEEZME - 2. Mot (22) Ko &R 7 SBR EIC &
57#%®E (mmday) T, MEANSPEMEICL DM TH S, 4 T 20 mmday ' LA DK X 7l
REINTWDLDIE, BTN F— Q, DERARREICE 2 DL Bbhd, Qp DFEEICONT
AR O & XEEBFRARVWO T, THEERL TRV, MERD LWFOMITE <KL
THEY, SBRIEPERD R~ ik FREOHE CHEAMERI L EZRL TN,

SBRIEDHRKDFRIE, R~ AECBWTE 2HPREICRD R TH D, DFE Y JRHREE f
(U) ofttdg & JaE U oBLIAREIC7 5, Penman (1948) MEA L f(U) I3E & 2 TED S
BETHY, EHMEMOREBTEDL T A—FTHE1E, f(U) ZIERICHEET 5 0138
L., T f(U) 230 7 Zeafedl, R FEPICEIMA THRKETH D, SBRIETIEZ
O fU) BAREICIR D, Flz, TLVANY - 7—F (PT) EiIfREa 0BFEAICL->TFU) 2R
HIcT2HETH L%, SBRIETIEZDa bAREICRD,

—75 SBRIEDOF KDL, ZOHEDHHEE 2o TS [B=1/As) DIRETHD. EH
X ZDREDFBEMETENEBEZTNWDD, ERBARITEA REGTEDL 2D, ZOREDI KL
THEMEITONT, SBFMARFT ERERALETH S, flziE, AHTF LT — QNS
< TRL0 DFAIF EFRRENSRSIE T, BEENKE LS RDIAEERD S, Lo T, 2ok
EWXPE, PTHRERIUL, AR VF =030 5 BERE S TEENEL T2 AR5
127250, ZO%E, EYREHHME (FE) REORF LTRSS, EbiC, LiELE
HLUT, HREICHEL LEWERE, 2£ ) REESGCHEROHFEBETLED X 5 RBELET
TVWAERPLHLICERBRTIIE RS2, ZAbELSBROFETH L.

V. & & &

MWREPEIML TWDIIEEOH L WEAREHEEZHE T 2720, v~y (PE) XL 7L
ALY - 7—=F PT) KROKR—Z U IZONTEZEL, HLWHEEEERFIL 7. TofER%
FRTDHERDL DT D,

1. fafihRm A E L 2 PEERE, EFR— vl By) —EOEMEHEL, ZOXCHEE

BB AT Z & THIRE DN T A —F ZHEL IR TnD, £220RiT, 8BS

E (BREE) 2 2 T TCWITRE —HORRRKREL LY, (RONRXFTA—=FThHDy/A (A
i3z (BT D EFIKZERIEDARL) 75 Bp T3 <HEEICR > TS, PE Rz fl o TREIFIHY
FHDODOFREARBEEZRDDGE, 210X THET L HFER SHBEY, ENELR D AHEN
nH 5.

2. PER %, KILIEHT (BEEEHD) 2o TAREMHERR 2O OAFHEHEORICEE ML
TR~y 'y 4a—2 (PM) R, PERICKIT S B, 2RI & 22K S EI 2>
THIEL TR U oy ZHEET D LN OBIEICRoTND, ZOHETIE, 2242 TH
HEL TWDOHIRE S 1TED S 220,
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3. PTUIPEXOFE —THICHE K a 21T XTH D, a ZR— % /A TEHEBL D
WCELC DREEEREET LT A—FT, TOMIT2ICE>TEDDS, z ZHREIESITHIL
a B LITIEDLZ L, Flea OFHEN 126 THHZ EPLHRAIT S &, PTRXABEEL TV
DR — T U EOEMRITHRE TR D v/As (As (ZEIFIHK E T IS 1T D EFIK R KED )
fid) T D AREME R,

4. ULEOEENPS, B=y/As BRI THIE, 1 AOES z OBIMEA 225 B ZHETIH L
WARBHEEEE2 DI ENTES. T72bb, A»LEKEKED R EoMFER S
CIANT TEM AS 25 &, ZOEMNBSICEITD AsICHELL2D X572 S 2l EoFE TR
W, BN B = 7/As EBVWTR—Z VHIEORX DL ABREZ RO D HETHD. Z0HE
FPER, PTRAR—= VIEORITFIE SR LH L WHETH Y, PE R EGHE & E#E %L,
PT RORE a BARTEIC 25 72D, ZOFEITIRKEV. LIAL B = 7/As DREILDOFEFITDON
T, BOLOSEM72 ESBIERPLIETH D,
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