FHOR 5 D3R A 0 78328 1w ) BRGRLIBE F:

& A 3
DEEWEIERAT PREZREF

w %

AESFAERNBEREHARERES ZEE HNGE - (DERTHEEIEL (
encrgy balance or Bowen ratio method ) » ()22 &) /7 ( aerodynamic or profile
method ) » 3)H 48R ( eddy correlation method ) o W= HFEHEE T —HE
o PINAREFENRRRENRBERE ( steady state ) BE—HENISRK ( one-
dimensional ) » JREJRIRENRFS MMNERL 5 KREEHEH ( homogeneous ) o
WAYEED » B)HE ( momentum ) B2 ( heat ) BAKRHEHAFHEME ( sinks )BT
A e EERFERGTEHABHFRBFNRRARR @ E L — LR HIR 4 RS M pE
Koo IRRBIERIE MG  ASEHFENEARHBEBESRANRE - AXHME
BREVH R AR N AT A R BT B » LUkR#E o

HESEEFENENFEIRPRAMRE - IEARERKBEHBENRE - 28H
THERIE R KT EEHABE ~ BEHEOER o BRAREA S EEES ~ 1B
ERE S REREERENESL c M FEHEANEEENEENRBNE » BERE
BEMEEREERKEEFHE - 288 N ERBHAEAREQIEF RN o RAEES
arREt LEAENTE LRNEE ) UHEETEEHARENE  ETRESELEss
FANEERAEBRRMER -

—
& &

REREBNMEH —ERAXZHEMIRET FEEHEE - —HHNRE » BHW
SEE DR AT IR THENRIERAHEE ( ANEERARSERE)
' RHIRINZEBEET S ARANED « X H - FHNERUENEDRSE4D
HYEEMRANSER - EFEYAR > S CEFEYHER S BEE > AIE
MERBEEEN—FREY - HREEPEHIBTRERNEAN R EEBREN
BEEAYI L ( energy budget ) A LT ABR=EIENFHE : OBETAAMEE ( eddy
correlation method ) » (2)2258 J1E ¥ ( aerodynamic method ) K (3)REE T #1: (
energy balance method ) B L8k ( Bowen ratio method Yo S EHEER
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g(&l) o

FbE EEEH A 2 f/E TR AE R » ZRBEHRERERRNEGE
wY) A58 L BREAR T RIS EHRF AN HEER (encrgy flux) o

TR R R LT AR E Tk

BREW bR ARG ERENEE D ERRNFH SR o S—HM
FERESERZSHIRT ( eddy ) WOBRRAHE » UG EEEMREE ( flux ) o %
— AR BRI e B W A B EE ( profile ) BS@BHEEE ( flux gradient
) BEUEEEERNER o SIS BN TG R X ERENZ 2 kR K
B 74 ( energy balance ) B4R BHAKNMERTHE o

— BRAERE

HNETHFNZEEZRHREANFER  #RE - ERAZRKWRE-EEZEHA
ENEEMASE o X—HnHREH (B ) WETE FREERRR NI G EM
£ ETHBE (M) o Ml s RERFE—HFEBRFRNBRAE B s IRFs ( F5E)
BLs" ( fmEME ) B fGBRD

HEZRDNTEREEERBRNEHENTEEE (S ) IRKEMEERE(w ) 2
KEE (o ) AN (s ) AFRBEERE EWPE - SIBOXRTRTIE
A LB EFR ¢

S=(Po+p" )(wtw' ) (s s’ ) oo ST (2)

#& 2 RE -

S=pws tpws +pw's+ow's +pws+pws +ow's

o w5 e e et e ranaaeiaaana veraeas (3)
@RBRAMES  FREROXWESE  REENEEABO(w =00 =05
=0) ; TAHENEREESRRD » TUMERTA e =0 o HAKERFEE
s —(E#135195 ( homogeneous ) {ITHIZERIE = » TRIL—EBRR — B R A
ELETHRENEREEVEEASH AR v =0 - BB L » KRHNWTBHE—E
GER— 3 ( trend ) » FF DA — T H R RDA TE 2 R A0 45 T LT 9 00 O b 36 48
g FRENREREETEMIREE ( Steady State ) » SEH L 302 ERPHHIRERY o
@R AL LA
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--------------------------------------------------------------------------

w's’ EHE FE{Fw B s 34 ( covariance ) MR 5 R Dl —FiE
# MIETAAR L o KO » SEEEFEENHEFERE ( momentum flux, 7 ) [AFE
BRATEBREERREE ( latent heat flux, LE ) BEF[EESEE ( Sensible

heat flux, H) 7§ & :

T —= pw’u’ .................................................................. (5)
H:—pcp w’ﬁ’ .................................................................. (6)
(7)

.................................................................

A L BB ( latent heat of evaporation ) REBEF -HEMKENMBNRE

s Cp Breg AR TRy IEE ( specific heat at constant pressure ) ;5 g FHR(
specif ic humidity ) ; & BIS{7{@ ( potential temperature ) o [th— RIS

ANESRETIENEREEHE ( sensitivity ) BRI BRI R VEREL (
>2u /2 HZ YW o
N EBRNBE
EBEREETN ( steady state ) RIEABE KE HF RS ( convergence ) RUEHK
( divergence ) WUREREHT » EHEBTHENESHESNDE -~ FREEEEHET]

R B TE TE S B R °] LUK 22 S 4 T80 ( molecular diffusion )3EE— i ik
BEE ( eddy transfer coefficient ) B LG ER PAIRGE R ¢

ou
T:pKM———- ................................................... dwstraara s e e (8)
o7
of
H:—pCpKH-——-— .............................................................. (g)
°q
LE:—-pLKV ............................................................... {10
= 4

ERMBEENERT ( neutral stability ) » AL MABBERKTEZE (» )
HIRER#R ( wind profile ) REHWAEH ( Logarithmic wind profile ) ([ 1

— M-n-é‘t 4
B == o Bl m e riiiiiroiieieieiescietentemasaeatatee bt caa it aaaier e 17
k Zo (1D)

Fih £ 55 Von Karman (GBS 0.40 » w, BSEEE M (friction velocity ) » B3
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Bu=7t /95 2z, ABSHEEEE ( roughness length )Eﬂﬂﬁﬁﬁﬁiﬁ%&ﬁ%@ﬁﬁﬁ °
A Q) T A0 7P 55 R S 6 P B BT PO R R I 0 AR B
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T e et e e et e eenane e (12)
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Figure 1. Typical wind profile over an open, level site:
{a) plotted linearly against height =z; and
{b) plotted against the logarithm of z.
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eNKn =Kv =Ky ( Hh—RZEF{Esimilarity hypothesis ) BI©) -~ W _XNKATRRK

u 2
H:_pcpkzzz(au)(a ) IR R TR R PP PP PR P PLEORE TS PIRLE {15
92 92 :
LEz_kazzz(au)(gq) .......................................... (16)
92 Qg

1) ~ 19 ~ )R EPRZE T BB A K - ARG B HIAK SR » |EMEEENS
Bk EEUER W 2R ( profile method ) o

MR ARPEFHERBEENHNIEARRE BRI » Ky =Kv =Ku lIBEAR
R HWEEE o AR A— (B 22 SR E A RV s BUNEW S > EHER
BRERYE  AEE > JEBRABEENRRRRREANIERR

KM:ku*z¢M_l ...... SeE s ewriEAsvamresndrrianimaTes T AaNTEY Ao Eesn oo sy me (17)
KszM*z?ﬁH_l ...................................................... cevrersannne (18)
Ky m Big g 2By =1 reeeeeeeeeresnesesie ettt 19

T R 5 R W R G

ML —2K » (4 ~ @9 ~ (9 =KX AIA B — AR ARREERHREL

Y78

T:szzz( )2(¢M'¢M ) TR PP P R TET PP TTRETEPELTRIRR (21)
22
9—1; GF _
Hz%pCpkzzg( )( )(¢M'¢H ) T csersavswimnianrarrarsnn (22)
22 89z
LE:_qukzzz ( U ) ( o4 ) ( ¢M . ¢V )—l ........................ @3)
92 2 ¥4

NRg—EaTARBEEENRBEATEREZESW » RFEN—FEHF 24
558 ( semi -empirical ) WAEREEFEMAMEL W@ o
EZEVH ( stable condition ) | :

Sv =¢n =0Gx =( 1 —5RE )71 coerirmim (24)
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— 17—



by =Pnp=¢y>=(1—16R; )17
AR, BEEHFHEE ( Richardson number ) » HEES :

R, =1 00 /9z

6 (ou 2z )°
A EAT R év =ds + HRBKy =Kn KE EEAMBEGRETELEEIE o BT
P—AREBEENBBE (F=( 90y « ¢p )" KERWE @R > EBRENGEHE
T

F=(1—58R; )2 ettt e 26)
MAE DR B EA T @R THR
FZ(1—16R,' )3/4 ......................................................... (27)

2RRT FESENESZEERFNE s MER: > 0.26RAIZ2 R FRE T (
laminar flow ) KPR EEEHRAWBL » W FREREAE  SRBBRANR
PBARBEFGHBE o EETEENE » 75 BAERVH LR » D=7 2 SR RS & 06 5 I
+5B B d ( BIEREBIERE » zero plane displacement height } ([E3 )
 TRHEAT 4 S LS -
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Figure 2. The "stability factor” F plotted logarithmically
against the Richardson number Ri.
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Figure 3. Typical wind profile over an rough surface with mean
height of h: (a) plotted linearly against height 3z;
and (b) plotted against the leogarithm of (z -~ d).

HRIBY > FEEAFHEAR - BERSKBENFEEEEKBENR » fRBIRE
BEEE 0 BE TR 5 B RHE R E BB ELG8E0E 8 LR ER - KB RN ZERA
FRBHOER » ERERENEE L BRNESGEE - HERDN (K1) » EREN
RS ( precision ) HERSAIMEMN AL ( resolution ) FRy BHKIGM®E o I ETR
K15 B MEHE 2 THEY 20 B2 d (UBBUE o T 20 B d 2R AR 2 ()5 Beg K
EHE » BT AT R B R R — B R R P Y R AR R AR A PRV BLERAR © '’
& AR5 A— LA ATV RS R AR MRt 20 B1d (£ 1) o KA —EEBAN » Kd
B REWERNFEERE (he )88 » fld =0.64 ho ® ~»d =24he & > he /20 =
7.35 9 » FBEERAKERS%E  mEHNABRERK ] Rz HRBFOKEDD -
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Table 1. Estimates of standard deviations in temperature (5;) and
vaper pressure (fe) over various surfaces with an assumed
wind speed of 5 m/sec at height of bm above the
displacement height for frequently encountered wvalues of
B and LE. Also listed are typical wvalues of standard
deviations in vertical wind speeds (5&). if conditions
were neutral.

Approx. Rough- Typical noontime values
canopy ness Neutral
height length ~ 1 b e h
Surface (m) {em) {em s (Wm™) cc) (Wm~?) {mb)
Smooth
fce 0.003 22 30 0.3 80 0.6
Ocean 0.005 23 20 0.2 100 0.8
Sandy
desert 0.03 27 400 3.0 50 0.2
Tilled
soil 0.1 31 100-300 0.6-1.% 300-100 0.3-1.3
Thin
grass 0.1 0.7 39 100-300 0.5-1.5 300-100 0.3-1.0
Thick
grass 0.1 2.3 49 100-300 0.4-1.2 300-100 0.3-0.8
Tall
thin
Erass. 0.5 5 57 100-300 0.4-1.1 300-100 0.2-0.6
Tall
thick
grass 0.5 10 67 100-300 0.3-0.9 300-100 0.2-0.6
Shrubs 1.5 20 82 100-200 0.2-0.5 300-200 0.3-0.5
Cormn 2.3 30 o2 100-200 0.2-0.4 300-200 0.3-0.5
Forest 10.0 50 113 100-200 0.2-0.4 300-200 0.2-0.3
Forest 20.0 100 162 100-200 0.1-0.2 0.2

300-200

= BEETEEA |
R BERNE ( energy budget ) (B4 ) » HEEFHXIRR :

Q*+LE+H+G+AS+A+P =0

Q* EIREHEESEE ( net radiation flux ) » GRITEMBENNESER ( soil heat

flux ) » AS BRFPHEGFHEESL ( heat storage change )» P BHANXESIER
SABFERC#EE  ARRERT KL FRHEG ( advection ) BmE o PEEE/N
A HBEERE o AS » fE R FSEERTRZBARE » £E4YERRKOKRAKANDTES B

Q% g H

SOIL SURFACE~—

G

Figure 4. Complete ensargy balance of an imaginary box enclosing a
crop volume.
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A REFENEE) AR RRBIRETE - BTHAFR > TH-BCHAKAERT
LE 8 H PAFERNRE » AOATRRE -

C+LE+H=O ................................................... tentasesenenras (30)

H/ LEZ {8 » BRAELL ( Bowen ratio ) » (i

C

LE e o e et et a et e aanan
1+ 8 )
HORWWRAME —BERMRNK » 74E
ﬁ=cp 9_01/92 . KH ...................................................... (3@
L 39 /902 Ky
EEETKe =Kv 3RE » Al
LG R0/ 82 e,
L aq / oz )

BB L B B R IR SRS ERE E o W—HEEREERL  ARBEET
fHE SR BB R R BRI E - ITELEE BB ARG - thi—HE5 1B
THRE—BERRR s DAEETERGNEEPN—LRER > RiEky =KvIBEX
WETRBR T X REEERRE  BEIENTE—RBERERM LERRE—BHE
MEENFES s ERRELAKNRE L NEE - BENMEERD  FTOHERE
WEN L FERIFRE s —EERLAR - REESNEBRLFHRGEE 1V .

PR Ad -

i F 2 R AL W HE F BB EREE » W BTG REARERIGE o sl =
HEEHNEIERBENFEERE T —HEBE » e RN T EEBRE S kst
HHRR o &k TENEXLR BTN AR TR —FEAE rhif s A BEFT B K —
EZ EH R mEE ( steady boundary layer ) ; 758 HAHE PR BEENHEEIR
KEHBE > il EEENRE - fIRE—MAERE ~ - EARHE » AN
HifB HZER, o IHE [ B as B i ok — (E o E B R R E N TR R mE (
surface sublayer gf surface boundary layer YW ® ([E5 ) »E—BHhEFERE
BERAEL » BEAKFNBEAREHNERE  NnEENESEREEN AR TEFEE
FER » TN {FEEEERE ( constant flux layer ) o 5— (AR ZERE ~ ZgEE
AEEHRNRR » LRBEAGHLYE ( similarity ) ; FRIREKHEBLHEEETH
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Figure 5. Adjustment of profiles as air passes from a dry surface over a moist vegetated surface. Vertical scale is
greatly expanded by comparison with horizontal. Long broken curve reaching z: represents height to which wind
profile is well adjusted to new surface roughness (ignoring any thermal effects). Short broken curve below height z,
represents ideal profile from which actual wind difters irregularly in vicinity of vegetation. & is zero plane displace-
ment. Schematic sketches of profiles of potential temperature 8 and specific humidity g illustrate inadequacy of fetch
at positions (2) and (3) for gradient measurements by instruments placed at heights ¢ and 5.

&y =Kv =Kn 5Kz =Kv WBRBRRRIGTEHERBK

7 —EBRHBRRZBERE ( steady state ) MHLE - BERBNEE » FE
REYHF BT LRERE & o EBEMEI N » (IR R Y 1R EN & Hi s
PO PR (M 30 SEE —/NeE ) » AIRT R ERSLAREAL ~ HE 2 B
s RIEINENRE — R REEER 0 o

M ZI M ER R EERE R E EAMUENBRR - HRNBEREGZRY
By o FFRFEEHE » MAEAEDHERE ( canopy ) RAIVNKGEFEFERMET; X
R BRI T B R E R R (B 5 ) o BT DM BRI A TR B BRI A
BZPERERARBRLTELEERNBE

IR R ey R

FEESARBRR  ZIRCRERERNEE » WEBFLBEEES ( fetch )
WER —AESLER SR RSENRERE ( height-fetch ratio ) 33
™ o KBRS R Y 0 — BRI —HEZDEEL - 100 0 KEE
1000 #9999 o 1t — AR A SRS A2 B M T MAS FE T 5% 5 Munn 9 3255+ B 5 [0
FEEERABNELARERL : 100 » RZAEEL 2 20 o BAi—BASESK RN
REEBNEEEEE ENZREAFEREL > LRESEELES50 SHESE (B
EdZBE)DTHFSERD o

ERBENEERE FAFOREENERC FESEENESEERREE - 2SR
FEA BN RS R RS REK  ERTNETEY o thit - WM AR
ERIEL » W R/ BB K EREER G REARE e R E 20 85R
% o sh B LR E HEENES » BRlKEEEE G/ AT ENEEAMREE IR » 5
DIBASR BUBM 67 & B F FUR B~ M B R B SREBRR FURE i A SR R RE
PrE R ER 8k o

PR FHNE RS » SEHRPEURRARERESNEREE » TRRE
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PRACTICAL LIMITATIONS OF EVAPOTRANSPIRATION ESTIMATION BY
MICROMETEOROGICAL METHODS

Yue-Joe Hsia* and Chea-Yuan Young**

*Division of Watershed Management, Taiwan Forestry Research Institute
**Chinese Central Weather Bureau

ABSTRACT

The eddy correlation, aerodynamic and Bowen ratio energy balance methods are nondestructive
micrometeorological techniques which can be used for evaluating the fluxes of sensible and latent heat
from earth surfaces for short tim . periods. The assumptions which are common to the utilization of
those techniques include: (1) one-dimensional transport (i.e. no horizontal gradients); (2) the surface
is homogeneous (i.e. the heat, water vapor and montum sources and sinks are indistinguishable); and
(3) steady-state conditions exist. The inherent limitations imposed by these assumptions can not be
overlooked when a monitoring program is scheduled. Fetch requirement, height of the instruments,
and the couping instrumentation requirements should all be considered prior the actual field experi-.
ment started. From the practical point of view, Bowen ratio energy balance method is one of the easiest

technique and might be used as a routinely agriculture meteorological observation practice.
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