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Methods for Estimating Evaporation Rates from Water Surface
: Comparison of Bowen Ratio Method and Penman Method
by Using Observed Data

Shin-ichi URANO
Department of Agricultural Engineering, Faculty of Agriculture, Hokkaido University -
( Received December 20, 1995)

Observed data at the surface of Lake Komadome, Hokkaido, were used to study two methods
of Bowen ratio method and Penman method for estimating evaporation rate from water surface.

The hourly evaporation rates calculated by Bowen ratio method were sometimes instability.
Therefore the total values of 24 hours as daily rate were also instability. Another daily values
calculated from daily mean meteorological data were relatively stable. When the total value of
net radiation and heat exchange of water was small, there were some data errors in hourly values
of Bowen ratio method, which was appear as eddy diffusivity was negative value.

In Penman method, almost all of the hourly evaporation rate were stable and agreed well
with that of Bowen ratio method. The total values of 24 hours as daily rate were correspond to
the daily values calculated from daily mean meteorological data. But some data error were
exist as same as Bowen ratio method. As a result, it became clear that penman method was
more convenient for estimating the evaporation rate from water surface, both hourly value and
daily value, than Bowen ratio method.

Futher more, the two values calculated by penmann method from metorological data of 2
point of height and 1 point were very closed, and two values in the cases of including heat
excahnge of water or not were not agreed. There was not significant difference comparing the
results by using two wind function f(U). From this, it was considered that Penman equation was
not so sensitive against wind speed and wind function f(U).
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VELRBBULERL CZOBRXBLYEFRDLHETH S, —Mfic [RRBORERE] v

i, BENFHEHEEBNZENDZ L 2V IHENE N, BIETRY - 2724 b - Ky
(Thornthwaite and Holzman, 1939) B, ~ 2 (AW - JTiE, 1981) 25, #HETRRE—x>

e (Bowen, 1926), == it (Penman, 1948) #nl{ b Tw 2,

v, RICBAINEPESENTWE LD I I TREWNIFEICHEL 20°, ERCIZRANY
B s BN LR AL FETH L, Z0FHKE, L2 LKESENE - 2R R &
L, RN 1 HDRET— 2L BEMD 2 W ABMOERELZ RO L HHEE L TRREAZLD
ThH D, Tk, HWRREIC L 2 BRNFNROEDREDEE, MWERE FOFBEILENERE Y
EDIEEN L BN, BRETIHROMICRER2 LFETIHEHIN TS, LirL, RHBMTRO2RED
WEL I ZARLESIE, ZOREOBRBRIC OV TULE LRI Ty, L'
T, 2 ERUEREOHES L b )R TWERONF2HEFE -T2 bs T, ¥
BEERDBHFEED LHIZHEINYETHBDVHKTH 5,

AMRIIL OB AL 5, N2 EO@RANOENELS JUCBEBHBAZRE T 2 ENIC,
BB L MOBRT — 5y 2 BICR—2 o i ooV ECHERRE Y HE L, FHETHE - B
L7z2anTh 5. BEHE, BRHFHEMBEOEEME, FREEFHEMEE AFEE L 0B, RUGFTEMBORE
B, S 7EREREDBEREICESE LT,

. ¥F—49 om#BE

FRATIC I, ACHREEDIL#IT 1992 4 & 1993 FICBB L 27— 2 2 L 2. BLEliEEH o bk
A0km ICAIET %, RSB L 23iTh 5, WIKERIZWN 26,000 m?, FKE &4 EIREREYH
916,000 m?, FAKEK 5 m DAEHTH 3,

BEEB I, FRAGIE, |8, 5E, B, KiEo 5HE T 5. ERBUEBIZEIED L#Ic K—
WEHBL T2 M BRI E 2558 L TV, 2 OMIZEIo R IiBic R— AT E 074 2 50,
ZOR—=NOFEH (FHE 2 m) IcHBF2FEL CHELL, KBER T4 Lr—TNEKPAESL,
JKE KB 10cm), XB1m, 2m, 3m 4 mODEZKEEFAHREBEL CTREL, T—FDOH
BRTXTHAHT— % or— (KADAC) #R L, ENESE & AT 10 oMk, i3 1 %EM
fRCitsdk L7z, HBERBHAREIEEL T, BREIFHLCANFRLIERL ) DEICTB L TE
L7z,

RN BRI L 72 DI AR L 2 VIR0 T — 2 T, 199246 A 18 H2 5 11 A6 HE T 142
ARTE 199346 A 1525 11 A5 HE T 154 A TH 5.

. # # K &

(DR—-ToEIZE BETE
KEH b RKAFNEE I NS FHE L BRI E R— x> h(Bowen, 1926) & 5, K—x> Wi,
ZOR—THE ML > TOKENBNIR, ERBEZRDLFETH 5,
IKEDBPEZRIT AR TERINS.
Qr=0Qv+ Qc=Qc+ Qu (1)
BL, Qn'@ IENRESE, Q. Kb~NERER, Qr @ BEELXE,
Qu : BHBWEE  (LLE#AE J/m?-h)
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() Qn, Qoiz KE~MID ) HHEHIE, Qr, QuidKIEH & H 5 HHEHIE
DHXDQe, Quiz ZNFNRATREINS,

Qu=—Crp Kul @)
Qe=AE=—1 0K 3)
Fdz

BL, E:#&%& (kg/m?*-h, mm/h), o: ZRHEE (kg/m®), Cr: ZROEEE (J/kg-
‘C)y Ku, Ke © B3 & KEROELFALEASRE (mP/h), 2z | KBEH»LDESE (m), A1 Kk#K
Ao (J/kg), T & zToRia (C), ¢ &z ol (kg/kg)
22T KE»LER 23 THOECEREEE2 T02), QX225 cHEHZ, BEMELBRNIL
AR E A E L v (Ky=Ks) LIRET D&, R—>HITRALLKDHLNS,

g Qu_ Co(Tw—T))
Q: ~ Algw—qa)

=p{Le=L) @
(eW 6,4)
HL, B:R—x>M, Tw, Tu  KEEEE z TORE (°C),
gw, qa - KE & EE z THOWIE (kg/kg),
ew, ea . K & @S 2 TOXKERE (hWPa), 7y ®iEFHES
ZDOR—ZVH B EMHEI EQu=pQ: %, Qi ()R LAXANTRDLNS,

QN+Q
Qe=AE 1+BG (5)

AR T, KEEHEL TWHRRUIRML T2 L EL, (4)RDgwld Tw THRM IR qws %,
Twid REABEZHERA L2, F 2 KPBMRER Qcl3/KEKNFRAELED &Ko, FrRE(LRIZ 5 5
KIBT—FI PRSI BELELZFEL, TN6E2HEL 2,

Q) RrvrikizkBHE
Ny gy, R— e CBNEREZEBEE L, Tt voRXefladbeil
ET, KE»LNEREL 1 HOBENERE, BE, HE» LEETHETH 5.
KEDEEF U 2 BREGS 2DEREEL, KDL I LA #ERL, F0 2 DE S DLEFNEH
KEFEDWETEUTE 3 LET S, T4bb,

y__ Ews—€as , des
a=GE=Gea(t2)=2 (©)

BL, 482 z0RRICBIT 28AOAEKENDE (hP./°C)
es | RET I BT 2FAERKE (hP.)
ET3r, WROR—2HBIIRDES 2% 2,

_ Tw—Ta Y . Ews—€as ;__Z< _ eAs—€A>
B=7 ews—es 4 ews—es 4 1 ews— ea @

TR EG)RITRALTEETSE L, kKDL iIZh b,

eas— €.
Q~+Qc=(l+—§>AE—‘},<ﬁ>AE (8)
—F, ZRBERBFEE (D) EFE-12KDINVE > DR TEENS,
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E=f( U)'(ews—eA) (9)
InEQARNEBE2HICARAL TEHET S L, (ews—es) PHESINTERIICKA»ELNS,
E— A(Qv+Qc)/A , 7 Ea (10)

d+y + d+7y

1EL, EA=f(U)'(€As—eA) .
ZHOAORY, bW ERyeYRTHDL, 2vovit, KEANOBEERQ P ERTEL LI 1
BUbEo#E 2R E L, BNERICBW T, ERBEHEOY S THA L BROBRRICH LIS &
LTREBRLZ, L2 LAMETIZQAERB LA (10)R2MH - THELL., 2o (10) RIFHBAEL L
b Twa,

~re R THE LD, DROBREBE (DN ENE 5B ET 22 TH L, 9 RDAKERE
e DHfT % mmHg, RREBE B2 mm/day & L C, > <2 » 5K (Penman, 1948) icH#RL
2oz (RROBAITEL &),

F(U)=0.35(1+9.8U /1000)=0.35(1+ U /100) (11)

AL, U : A& (mile/day)
Th o120, FOBRBHEHIRDE JIBIEL T2 (Penman, 1954, 1956),

F(U)=0.35(0.5+ U /100) (12)
AR TIE A2 REF > CEHEL 7. BAKREDHME WP X L, A FHEEE m/sichBLT
(1), 2 %2TBEHETEARNL I 2L B,

A(U)=0.262+0.141U (11)’

F(UY=0.131+0.141U (12)°

Iv. B % # &

(1) BFRGEHEE

Fig. 113, R—x > g TRt L 72 1992 F£ORHERENEILTH 5. MoHyic 5 mm/h 282 5
KELEHFRLNED, TNRFELTR— o d— I HEOBDETSH D, R—x > Ekiz (6) R
PhbhbLiic, K=zl B~ 1MHED & &I RDGRD 0 1ED < 728, BEMIXEQ:D
MOHMELIEEICKRE L B, bhaic, R—x b’ — 1 DBEAIIHE EBEH LN [E L &2
WREN TV LRETH B2, HBWMRABEQyOWINEYL T/ kE< %5, Fig.2i3, R—x kg
CERBENDBBRERIRLZDNDTH B, B~ 1 HEDRICIZENENE L AICKE (HRL T
LN br s,

Fig. 313, Fig. 1 R 131 B2 kL, o2 Bt L 2HRE2EHTRLLDTH 5.,
Rrb, N Bl L BRIIENDREI T (REL T Db b, FloR—x v METHED
ZHRL T aE52BRITE, MENBLIZIZEACRLTHY, EIL—HL TS, <rerE
FEBMH L WV HRNOEREZ REL I FEE L TRTRENZDLNT, 2321 2ok ) b
REBZTETLILOREREINLLDOTIR k-2, LPLFig32R3»E), R—x it
FRENEEL AR T, HFHEREONERDLTIMEZ 200 L HWINE, 72, R—xk
Bck BETEERCRER L 2MEZHALPICERTE L WD, U2y ETIRZOHF TLHIENE
PHLRTENIE B L EWEPHE LN TS, FOEDENEEEITHM TE L, [ENEE
EhbhbE, P ELRBLLR - ENBEL VIZERTE 3,
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Fig. 1. Hourly evaporation rate from water surface Lake Komadome during 142 days
from June to-November 1992, calculated by Bowen ratio method.

Evaporation Rate(mm/h)

10

»

° 0
5 e

Y.

.
. g o0’ .
* L4 T s O .
0 ¢ ; ..0 * ° :"
'
5
-2 -1 0 1 2

Bowen Ratio

Fig. 2. Relation between Bowen ratio and evaporation rate in the data of Figure 1.
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Fig. 3. Hourly evaporation rate magnified the 131 days of Figure 1,
calculated by Bowen ratio method (BO) and Penman method (PE).
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5, ZZbLITHTH LY, Ve ENMENIFETFNELTTNE, LrLWENELIZ L C—K
LT3, Fig. 53 Fig. 4|25k L 72 142 BElIcDWT, MZENfir L7230 Th b, vk
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R—x > lEkid, BRI 2 BER TCOKETEAIEERBICH L Z L2 REL-REFETH
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Fig. 4. Daily evaporation rate during 142 days 1992, calculated by Bowen
ratio method (BO) and Penman method (PE).
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Fig. 5. Comparison of two daily evaporation rates, Bowen

ratio method (BO) and Penman method (PE).
5. LizhioT—Hkic, R—x> ke - R KBS @EAr—ETCEFRBICHE ERLED
EI9LBBENIALAT—NICBNTENTHY), EERBHEXLRIBSEIBRTAKE(ELTSH
BAIOFHEFTEICRTAME TH L, EEZLNTWE, —hFRrergiiinsiddic, BEAMFE
RIZABMOEREZ AL 2 HEL VI REFEW, 2, RrerEdfindnlorih i
PR PANBGER 2 ERTEDE IR IA LRy —L (1BERIF 1, A%E) 2848 &L2d
DTH 12128, ZDOEEMEB»HEL Twb, L L Fig 4 8L U Fig5 TRENTHB L),
SISO RFHHEL M -> (HEL L BERERR, BONCETOELIHLL0NWHEILC-HKLT
Wb, ZOERFEIFEICREKEN,

Q)EFfstEMn 4 FFMMEME L AEtEE

BRI EME L ASTEEICSWT, IS LELIRFLTA S, Fig 6, 71k, R—x ke~
2 UEEIZOWT, BRREEIEME 24 BHEEEM E B R KB L 230 Th 5. HEFEER AR &
T, T—F D 24 BEEEHMES 2 I HEEE» LFHE L M TH 5. Fig. 613, 24 ReREEEH— 100
mm/day 282 5 EI2Hb o7z, FO2EERALCERLZ. MERS L, 24 RRHEMHE
HEtEMEIIBBUR 1IN 1 OERISHIEL TWbd, B> SEALSrEERoNns. g, £
7 B OB EE THIMED K E WE, S F D (1) 0B EENE TR LN & ) R REL 72E0F
TEL, TNHEEBECHBL LD THE, ZOL) LEFFET S, &T—F28H5HLWE
DA IS TEN, B A FEN 2 A2 BALCHEL TH, ZoEBREIE 0.504 TH- 72,
DF N K- HETE, EATELVCENGIEEIFEL LSS ZOBMBBEBLERATE LW, L
7255 T Fig. 6 o5 HEtBEDEBEME 2 HM T 5 2 i3k 2w, LA LEETRZ L I, BEE
B R RIETEE & D AENBICRE L 22 ETR L N T 5,
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PHELTAFN2HEEL CHEREZRHTYH, 1HNRBT— /2 FHL C2DBEHE» S HEK
REEFFELTY, WIRTLRY, Wi Zkithd, ZnZirbLBELIC, 2UeyETHEL
PEZDLDOVEBTELEVHIERIETILWD, Lol i znEEEsMT o0
ONDIRPLTIZ K B,
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Fig. 6. Comparison of the 24 hours integrated evaporation rate with
daily evaporation rate calculated from daily mean meteorologi-
cal data by using Bowen ratio method.
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Fig. 7. Comparison of the 24 hours integrated evaporation rate with
daily evaporation rate calculated from daily mean meteorologi-
cal date by using Penman method.
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Fig. 8. Relation between the total evaporation rate of 142 days 1992 and the averaged
time of meteorological data to caliculate for Bowen ratio and Penman method.
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(1992 EN 142 HE 2 & 2T 712 L 72b D TH B, Blzid, HEr 8 BEn s 2 r2nfHiz 1
RMEENT— 5% 2 B4 (48 KfH) FHIL, FOM2H - (FHEL-ERES 142 AMSHEL 121&
Thsbd e RbE, R—x > Tt 12 RELUT OFBMbR M CREMLIE 5 DT bh5, X
<2 RIS ORI b ) e, MEERIZIE—ETHE. O L L R—x v k0 ER
HEMEOPNLERDI TR TE D,

i
-

V. &

(DB e F—9T5—

K-zl N2 BB, 5 2HEMICBWTQ), )RNFHEEA L BHRDELTILEK
PRB Ky & KoL WEREL T b EICH 2. MAHEE L Ky, Kel35TERICHTI vz, 201h
IHERED BADEIZ > THORMIINTL ) BRMED S 5. EREIRICE 2 BRI WERER
ELTHNBLwIzS, ZORBRIIWALPIZT -5 7—Thb, L ->T, HENESEMEE M
T 3728, BRIEBBREOTT2R/ATCZ7—%2F 2 v 7T 20EDH 5.

Fig. 9%, R—xz > LWk EED 58I L - TH L N AL RIEER S K: L BEOBBTH
b5, Ke W BIC L 2 B0 EHFELEL Twdd, Thol3eTzo—Thb, Lid->T, FDRNESR
BRHETEHTELWE W) 2 LD, KGePHRIZTDZDE2 ETLRBTH 2, bi Al
Ke B TdH o 12E&1E, RK—1 s 13.6% (1992 %), 20.5% (1993 4£), > =2 Esht11.2%
(1992), 13.0% (1993) T, =< HEDOHFHEFLLh -7, KeHhRIC T 2 BRI BNEDBED
EBERTHS, bbb, BEAEZRLTBENGEIN TV EY, (1) DKEOBNZRA THHLD
i, 2% QrdVhE VLA, ZOBREOHBE THINICBRBEOFRHIPET L L ich b, Hiz
IE, Qrici3Qnd QORI DBENEINTVEY, Qrd/hEWHERETNLDBRENTINHIC
& o TQrDF BT . £72QrHVINE IR, KERBED T A % 5 T (F 7213 KER
E) WEHAANIC IS L b8, BEEDL T ZAERETHRIEET S, 2%, Zhb
DREDMAEDEIC L > T, FHRIIZESR - HAOBMBENHFAPIREENAEESIZ % 2w B
B, T Ubb KA DBRVELLZ LICE S, b AICARMETY, KeWRICY - 72013 Qr#F
BORE L, QrIFIETH ZDEI/NI VRIS 72, 72, BEEES L KD LEEOK I R—x
Y, v skl L ETENMETH 5 2.

Turbulent Diffusivity (m%h)

Wind Speed (m/s)

Fig. 9. Variation of turbulent diffusivity Ke with
wind speed. Negative values of Ke are data
error.
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(2) 732 R & DBATR

Fig. 10 %, #ic B 20 HERER & Wik T 5 728, R—x > ko AEHEED & Ked 7250 7 4%
B BENEUREZRL 23D TH B, ELIRIEHREUI BARE (M) 72 ) DETH 545, 2SIV 7{RE
RHLEINEE L URENLERTHE T, MENBR, 8L CRFEBEE A(U)EnBRIZRNE S IC
b,

o —p o U=1U) (13)

HL, Kgs:@ KED» 5 z £ TOFHERILEARLE (m%/s), 2z [ KE»HLNEE (m)

Ce: B3 2 DKERBMED N SNIHRE, U B z THOEE (m/s)

f(U) : & z ToEERE (kg/m?-s)
ZZTIREMNEADE DL DK% Kes, f(U) % fs(U) & L7z, - RIGHEMTIE 7% ( BEHEMEL4H -
2Dit, AREDHFEREFEMNT - 7S -2 ThH 5, Fig 0 2R 5 &, ~L74&%
B CeldJAEH 1 m P ko & 21233 —ENME (0.002 205 0.005) #RL Tv545, Badh 7L
Tz b LENREL BN HADNRT VXL REL L ->TWD, EDONT DR, BREEENMC, B
WO, HE, PLEL ERFZOREBDOENWFICLZLNT, P2 Fiy, LrL, BEIVNE
WEBIZEDNTOENKRELS LY, FRCAELREL LD L) ML, MoEoBRITIHLN
THY, EEICHEBRIEN, H]21F Seneetal. (1991)i2, BFEOH CHOERENBER T3 2MDEID
2N 7R Ce % R, B A3 m LA ED Ceflild 0.0023 TEEL TV 52 &, BEs ZFNUT %L
3N DEHIREL, POREDOHELE L LICEIKES LD E2HEL T3, %7z Ikebuchiet
al. (1988)%,, BEMOBA CRBLERFHEL T3, Fig WIRL2C:nfE (& 2 m) |3,
BB AT 2 m Ll ET0.002 2 6 0.005 DFEEAPITH D, Sene et al. (1991) DMl & 1) RoR0@D Th - 7247,
ColEDER DB THD I &, TLMOKRESETEDLDII L 2F2 UL, ZTRYLEEEZ LN
5, B, HBIEHF N &< v, Fig 10 2 53K 7200 7 B C.U (m/s) i3, C:U=0.0058+
0.00195U Td - 7z.
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Fig. 10. Variation of daily average value of the bulk
transfer coefficient Ce with wind speed.
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R rBEICOWTT, KPEEER (KEOFEALLE) ORME, SRKEAKEOHEOME, A
EBIRORIEE L ) ST THREL T 5. '

Fig. 11i3, XPBRERB Q2 &5 E ((10)0R) & Qe EBAL 2518 (v =B EHRL
TBL)OHHFHEEZHBE L2200 TH 5, T~ v B, QIR BA TIZEALT 25 HBAL
THEZLHEASIERTED, LWIEIPRICE-TW2, LaL, Brbbd s L) clEnE
B EAE—BL T, 2F N 1 HENDOFHEIZBWTY, QAERBEORBEL NICKE(#
LT3 Z Edbh s, ERCHIEHDBBMNDQ:L, EWRBSE L RRENMEL > TELL T
72, QU ERBEICEELTWEZ 2, ZERPEI/KM (FEKERH 7 m) ORI (HEA, 1994)
THLHERZINTEY, LLd-TC[HE2BRENDRR ] 257> BT, QF2ERTHIZEIXT
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Fig. 11. Comparison of two daily evaporation rates of Penman
method, calculated from the heat balance including the heat
exchange of water body and neglecting it.
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SEOREF DL THREIRIITEA L 2,

N ETY ) —OME LR, (11), (12) TRE3N 5 BEREH (U)NERETH 5. Fig. 13 i1,
FOELTAY &2 % 2B AN HFEEORETH S, RTREENEICIZEALEN AL
e (ERIGEE, 0.999). Eib#loigs, Fig 0 o bh s E5ic, BEHEE (B2 2 m) 114
T4 m/sUTTHY), FHICIZ 1 m/s Bigr R $\, Fig 13 3BEMOBRTH 555, oM
TOEILE L FREEORE ThH UL, BEBEH L LTAD, 12)0vwinsffoTHAER LW L



62 W R

PEN2 (mm/day)
O -~ N WAONMO~N OO
%‘:

3 4 5 6 7 8 9
PEN1 (mm/day)

o
e
N

Fig. 12. Relation of two daily evaporation rate of
Penman method, calculated from 2 points of data
(PE 2) and 1 point (PE 1).

‘l
e

P

"

E as eq.(11) (mm/h)
O-a2aNWLAOONOO

o
-

2 3 4 5 6 7 8 9
E as eq.(12) (mm/h)

Fig. 13. Relation of two daily evaporation rate of
Penman method, calculated by using eq. (11) and
(12).
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