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Abstract

Remote Sensing data with ancillary ground-based meteorological data provides the capability of
computing three of the four surface energy balance components(i.e. net radiation, soil heat flux and
sensible heat flux) at different spatial and temporal scales. As a result, this enables the estimation of
the remaining term, latent heat flux. One of the practical applications with this approach is to
produce evapotranspiration maps over large areas. This results could estimate and reproduce areal
evapotranspiration over large area as much as several hundred square kilometers. Moreover, some
calculating simulations for the effects of the land use change on the surface heat flux has been made
by this method, which is able to estimate evapotranspiration under arbitrary presumed conditions.
From the simulation of land use change, the results suggests that the land use change in study area
can be produce the significant changes in surface heat flux.

This preliminary research suggests that the future research should involve development of
methods to account for the variability of meteorological parameters brought about by changes in
surface conditions and improvements in the modeling of sensible heat transfer across the surface-

atmosphere interface for partical canopy conditions using remote sensing information.
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Table 1. Data set used in this study

" 'Remote Sensing data’ © Meteorological Data -~ DEM " Soll
albedo (o) air temperature(T},;"C)  elevation(E;m) thermal inertia
surface temperature(T,;"C) vapor pressure(e,:mb)  slope(Bidegree)  (P:j/m2 05C)
normalized differnece wind speed(u;m/s) azimuth(As; degree)

vegetation index(NDVI) cloudiness (n/N)

3 X EH|M BT

A FA o] Bk AR REYER ) 23t o)} o] HejHrt
R = HALE A (G cvreereereresonteeentitiiiii e (1)

a]71A Rn(net radiation; W/m2)-2& A EH| GASIE iR ZFo 2 A ol HikYAATA
(015~40pm) 9 EREANIR (>40um) 9e] AR 2M Hejfth LEx #E#(latent heat
flux; W/m?2), He g#h(sensible heat flux; W/mZ) Ge AEHAA Hihog %’éﬂ“ o rp 3
ik (soll heat flux; W/m2)& Jebdch mebd #EHE, & B#E RnOZHE HY GE W
zozN 2T F UYSS & & YUtk Fgure 25 2 A7oa =¥ ATW ks
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Water Tidal Flat " Vegetated Area Urban(or Paddy land) Land
T Reclaimed area(or bare soil)
Figure 1. TM image of study area acquired on 14 Apr. 1986.
a) False color com

‘classes. ‘

s

posite(TM4: red, TM3: green, TM2: blue), b) Classified land cover by 15 sub-
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B7hst7) 9% AEQ doleAe e 38¢ et

3.1. #ifkgfol 1A (Net radiation; Rn)el 3

B NIAHR) S AER AK T BHEE B EHodAS AERo2RY vy
EE BASE & GRANIAG )8 Uehin ol The ol BT 4 At

Rn — RSi_RSo+RLi :(1_a) . RSi+RLi = RLo .................................... (2)

o714 Rse 2%k H 4t & (incoming shortwave radiation; W/m2), a 9HAME, R, & o712
BH AZHO R Kik#Es o) (incoming longwave radiation; W/m2), R, & A EHoZH
B 7122 EkEESo) ) (outgoing longwave radiation; W/m2)& vebAth whabA] fifitol
UAE #4817 AlME 2EWH SR G, REEHAURE 3T Bart i

311, #sEE A SO L K| (Net shortwave radiation; Rsi —Rso =(1—a)Rs))e| FH

HHE, & TG Rd HEEASFANIRA = EiEHE B (direct shortwave radiation), Kz
H 4t & (sky diffuse radiation), 2| E@RMALe] 2] 8 A58 (ground reflected diffuse radiation) 2] 343
29 Foz Astsn(Figure 3), 242} ofele] Joax 1 RS 3T 4 UrHKotoda, 1986).

st=(a+b . n/N) . (deir+ deif+ Rsref) ............................................. (3)
RSAir=1Isc - EO + PN IR’ +e+ctcrrreermrensressesasnissuesrnrtsssamensersassneessesnneans (4)
1-Pt 1+cosP
if=05 - . .sin h Bedlittid o 5
Rsdif=05 - Isc - Eo - sin T 5 (5)
Rsdir Rsdif

Figure 3. Model for radiation transfer for a sloping surface(modified from Kotoda, 1986).
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1Pt 1+
Rsref=0.[Isc - Eo- Ptm - sinh+0.5- Isc+- Eo- sinh 1- cosp
1—-14InPt 2

o714 n/N& dz&(cloudiness), a9t b= A¥H Ageolw B FHEMEH A (slope angle of
the surface), Pt= o) 7) & 3}+-& (atmospheric transmittance coefficient), ht ®) %3 % (solar
altitude), h= At g g%k = (solar altitude for a sloping surface), m&= ™ 7] 9 HEHEE
(optical airr mass), o= 3 F9AME (albedo), Iscx= B 9FA 4 (solar constant=1367W/m2), Eox €l
%-2)E7+e] A H|(ratio of earth-sun distance) & z4zt Yebdth 99 W4F e SRR
42 R, d2&2 7|4BSAEE BE, b b, Eox HolEe HEYAZREH AT + 3
o Pte H#A<0 g7]e £38(075) S 28350 a% be ZHz 0349 0718 A3
HH, A A HALE o TME 7FA), 2H A Ho|etE o] &, Brest and Goward(1987)) A

page il

te gagFol wet ALkt

3.1.2. FiE E AL A (Net longwave radiation; RLi—RL0)2| FF

AFEHY BHEANARNFAE FH517] M 2L 7AAEE o] &3 AP (& YirES
z8 7123 $Z71948 FHussE HFH) o] BEFoe] YrHidso and Jackson, 1969; Brutsaert,
1975; Satterlund, 1979). Daughtry$(1990) & Rng 2% 3o $leJA Brest-Goward2] & o] &4
HALE-S AN A RIEAHAUR Y A& Satterlund4] (Satterlund, 1979)& ] &-3h= A
o] 7} F& FAHAE Zte AL HA3A Utk MM & AFME Satterlund ]S AHE-
stod Q7| 2RE AFHOR REMMHERRL)S FH3Ach 38 ARHOZEY 7|2
B E(R0)E 338 dojxe EHAm=e TM6 73 E5329 x3He A
FHE) st (surface emissivity) & o] §3te] N EW] L= T2 Fitetd AL43lAtt & K
WHSHE RLSH Riod) 2740l AMEE 2e T3} 2ot

Ry = 1.08 6T [1-exp(-g,T,/2016] ++rserereerrerunesrmimninimmsimiieicneiniiina, (7)

1260.56 ] 4

RLOZO-SS I: o [(60776/]’4}»)_},1] ...................................................... (8)

A7) ee FF71%¢(mb), T,& 71&(K), 6 Stefan-Boltzman coefficient=>567 x10-8
Wm=2K-4), £SE surface emmisivity, L= TM6¢] tlXgzto g HE 3418k spectral radiance
(mWem-2sr-lum-1) X o] T},

3 1986 49 1599 N3RS AEIE @A ol e BAE Z4 Az Ak E
A7) et A A& 712 FA U Figure 45 104 30%, 124), 134] 30%, 15
Aol tisted 19873 109 279, 19923 99 22¢ ¢} A7AY F99] daSA(HE, A-, +
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Figure 4. Comparison results of observed and simulated surface temperature(a, b) and air temperatue(c, d) at four

meteorological stations. a, c) 22 Sept. 1992; b, d) 27 Oct. 1987.
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2, AN e] AZPE R &3 7)o BEA9} FHA ) BRARE Yehdch 4AEs} 78
X wAgol Ho] YA BT 7 AMel WALEH kel MEHES ASVTR A7 /)L
Ago) BE BB 242 5 AL AOE AT

3.2. Hi#(Soil heat flux; G)o A

G Rns) Ao thstel BAE Be AFBIE G/ Ruo) Hlelshs Hoz wysty 9
or, dutF o2 Rndl| thsto] ofefo} e 4oz vehdch

A A =UFE A% foll BN H2 AWAFE ol g3t AR = A7 B
o] AleH¥ Y} (Kustas®} Daughtry, 1990; Kustas%, 1993; Moran%, 1989). Kustas$}
Daughtry(1990), Moran5-(1989)2 f7} NIR/Red, LAI(Leaf area index)9} NDVI(Normalized
difference vegetation index) o] thate] AFAA ) &L Bysty gt} Ao FTE= f7) WAEE
o Fold Hl#she A¥FAE BIEHT Uk oo wEW G/Rne W HHe] A% 01-
05, HEAEHAES 75+ 005-01& Jehlim fEES] 2] ¥ ¥ seH(Daughtry s, 1990). 2&X)
AT ArE ALY GE TH A NEHY UE FHE I ¢ gloy hike ¥
ojE o]&¥ A¢ AMARE FH Y MEY BIE FFF 5 §UV] g drlde o
% Zo] Kustas$} Daughtry(1990)¢] 48 o} &3l GE FAsALh =

G=(0.325—0208NDVI) + Rn+-+eetvrerreeererreramrinurtiernnernenmnninneniminraniesaans (10)
o] #AHoE HE &3 AR B e AY(NDVI=1)oME Rnel o 12%7}, 4
9] 7S (NDVI=0) 33%7} tipsar Aede ¢ 4 ok
3.3. ##(Sensible heat flux; H)e] &3
Bk 2 (DolA Eime st o] Feoldoh
H=p,Cp(Ty—T,) /Ty +++rerreerersementemeiintiiiiis it (11)

714 p, e 27194 L5 (density of air; kg m3), Co= A H#(specific heat of air; ] Kgl
K1), Tje AFALE(K), T,& N&K), rye BIEEEEHA S (stability corrected aerodynamic
resistance; sm1) & Ztzh b r,e )9 P x| uiet ofg ¢ 7o) Ao ATk
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[ ( 2232 7% (1415R0) - JIF5R;

(1-15Ri) - K2 - u

é

A71M z2 AFEH FEEX U 371984 M (surface roughness length: m), Z&

714849 FE231%(m), pe F4(m/s), K& von Kamman's constant(=04), d= | @8

(displacement height; m) 2 fitk o] £4)35}7] w2 Eo1E Ae 71EHE AAY ALt o

& 9E FAN) A% zolg vehdth dwtH o= 29 de 9 Eo](plant height in m;
hd h 42N Yebd i (Matthias 5, 1990). &7]1ME 2,=01h, d=067hE A}&3tgth
4, 4 12, 13)¢] Ri(Richardson number)9} C= th-&3} 7ro] Folgt}

Ri=08(T,-T,) (2—d) /T, +++++sereesereesssesssersssmsnssissssessisinsssnes s (14)
C= L (15)
~ [In(z—d+2))/7, 12 o

34. ##(Latent heat flux: LE)¢] &3
A =g uie} o] A (1) o2 Ry B L FAZ B 1ayd A
LE 2= RO—H— (G ++reerreerreestmtieieeimmtnieaaereatnaiesnaassesnnnnneessesrsnnnsessns (16)

Ao FGoA HFHoz AHLE EEL 7]1819 (atent heat of vaporization; L=2501 106—
2370 T(in'C); J/kg) 2 UFolEo 22X MK E 7|22 3 399 HBE(R (evapotranspiration,
ET: mm/hour) & 3% & vk ohA) oapd |

(Rn—H-G)

ET = 3600 ——— = 1 i, e e i 17
6 - ()

A7M WA FelsloF & AL Ash e MKHAS olE}E A ML Brbo) o
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4. Z7 % E9)

2 ArdMe dARALESS AP RAILYE ol &3 ARW] MHS Bt YolrbA
T ARHES FAske i dsted Adetgem A7 Ao Figure 53 Figure 6o
Ehliich Figure 5= Q7RG el 2700, MR, il Haste AHE AR E
Uebd Zlolw Figwre 62 7t At e 48 EHS 704 EEE Jehdth MBSRS
RAIE HIAAZR o]Foe At X2 F IBAE AFE 3t AIXE Ho|7] wj& B
#2134 L HAAE vehdoh AR EY dSete BHL MEHEY TA% ¥4 2
&8 EAAGAMRT 20NN 2 ool © IA vEEE € 5 Utk ol Agd
534 BET A9 Aol gidlen EE EAGANE EYY o8 kG RER Boe B
HithEe] Z7] WEel =AY A &7HE T A9 V] gy 2xde F
T8 Bol X8| wEol FRRYE B AP € 5] A Yehdth $4 Figue 72
EA] &9 Wt i A #zce] WIS vehdnh Aol A wEe 27 0%,
i (TS 412%, MAsE 388%2 vebdth Wk @ 279 50%7) e o] #iHiE
o 7i7h& EAo|g o WstaA @ A Mgl MEGTRS oF 24% Fhehe M
&/ S7MFol Ha BAS U FEUE 60W/m? A BA =1 ole #iigelMe A
AEGOE 2E7F Aestl € Aoz AR,

2 d7oA ol 23 3 B4 d=3 2

+ ATAXNARE o] 8T B I B E AL

o E=ATPEY M2 Azl M & EXolge wstd wWE A ke st tig

F7gol 7hsstAl ATk

o EXo) &Y Hsh 7| d 2R E sHEet Adtsle Aol rhssttt
AA Y JIHAEE ol&std 7|7 WMEE AFTL 5 AoH KEROY FALBE
o EAlOl WAME fr&F ARE & F ATk
gozol Al ANHLS v 2o
o A EXolEE F FAAGH OB 75
o ANbH o R REHMES FE AR o MkHE IA FPEg B A=E F

AAFN7) SR E MRS B7hEY dE RS 7R
o 719 A)dEEdolere] Byl B dl o]t 0] 23}

o B E Whsted loiM =dEe 7 AR, A8 Ee FAAH AExe ¥}

76—



Mapping of Areal Evapotranspiration by Remote Sensing and GIS Techniques - Ahn et al.

Surface energi'r'ﬂux on tidal flat

700 —=—Net Radi 'f;on —e—Sensible Heat —e—Latent Heat

W/m?2

Hour

Surface enegry flux on vegetated area

700 ~#— Net Radiation. “~#- Sensible Heat —e— Latent Heat

: . Surface energy flux on-non-vegetated area

—&— Net Radiation —e—Sensible Heat —e— Latent Heat

10:30 12:00 13:30 15:00
Hour

Figure 5. Averaged surface heat flux in Tiux in tidal flat(a), vegetated surface(b),
and non-vegetated surfaces(c)
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<0 450 > 900
Figure 6. Estimated spatial distribution of latent heat flux (W/m2)

o HFTHQ EHEESC T 2 FF

2 AdFgM e ARAB AGHBALYE ol dst] EEARMES FYst= WYl o
sto] B HPARE AHEate fEkd #FEE HFES FHNUY FEHY 7] H
T A2 =RNENY HF #BcES AT, & ATHEAERE AR FLEM AR
2 RE dojr ARH 2&E ol&ste] BAAUAE v AFBEAY o 7P w
2 Aol Mgt F(R) L Hirhole] VR AEH(G) S Rz ol A &3t 2 I3}
EA BEAVUAFE 5 REHES 7ohe ot AREES FAAE e o 4

Bag Bz or EFFR, Bikel E3F 9P SR LT YA g BA
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Changed Land Cover

Current Land Cover
v &0 .

e ,. -»

Latent Heat Flux (W/m2)

Sensible Heat Flux(W/m?

Net Radiation(W/m?

Figure 7. Simulated surface heat flux according to land use change.
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