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Regional Scale Evapotranspiration Mapping using
Landsat 7 ETM+ Land Surface Temperature and NDVI Space
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Abstract

Evapotranspiration mapping using both meteorological ground-based measurements and satellite-derived
information has been widely studied during the last few decades and various methods have been developed for
this purpose. It is significant and necessary to estimate regional evapotranspiration (ET) distribution in the
hydrology and water resource research. The study focused on analyzing the surface ET of Chungbuk region
using Landsat 7 ETM imagery. For this process, we estimated the regional daily evapotranspiration on May 8,
2000. The estimation of surface evapotranspiration is based on the relationship between Temperature Vegetation
Dryness Index (TVDI) and Morton's actual ET. TVDI is the relational expression between Normalized
Difference of Vegetation Index (NDVI) and Land Surface Temperature (LST). The distribution of NDVI
corresponds well with that of land-use/land cover in Chungbuk. The LST of several part of city in Chungbuk
region is higher in comparison with the averaged LST. And TVDI corresponds too well with that of land
cover/land use in Chungbuk region. The low evapotranspiration availability is distinguished over the large city
like Cheongju-si, Chungju-si and the difference of evapotranspiration availability on forest and paddy is high.

Keywords : Landsat ETM+, Normalized difference vegetation index (NDVI), Land use/land cover, Land surface
temperature (LST), Temperature vegetation dryness index (TVDI)
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Fig. 1 Landsat 7 ETM+ image of the study area;
8 May 2000.

Table 1 The present condition of the administrative
district in Chungbuk region

Province Town Myeon Area(km?)
Cheongju - - 153.33
Chungju 1 12 983.96
Jecheon 1 7 882.45
Cheongwon 1 13 814.26
Boun 1 10 584.48
Okcheon 1 8 537.21
Yeongdong 1 10 844.99
Jincheon 1 6 406.13
Goesan 2 11 923.80
Eumseong 2 520.88
Danyang 2 780.11
Total 13 90 743160
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Fig. 2 Definition of the TVDI model, TVDI for a
given pixel is estimated as the proportion
between lines Y and Z.
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Fig. 3 Spatial representation of the NDVI(a), Land-use(b), and L3T(c) distribution of Chungbuk region.

Journal of the Korean Society of Agricultural Engineers, 50(3), 2008. 5 119



Landsat ETM+349) AEHSwst NDVI 3708 ol 3o Fubiiapel mnis)

2 Wdke 5€ =2 0.1~0.252 W& NDVIE
ZE Bk 3749 AR wEd - FHH - BAY

59 $HAY9L -02~-048 7} Wekon
A= Z2AES} ofAZE B F & WA}
2 QI3 0~-0.2 ¥$l9 W2 NDVIE UERHLt

Fig. 3bt 4994S ASERS 3 353
qe] EXo]g XS /AR EFdte Uehd o
goltt. By $EAYGL Table 29 o] $9
2ol 2/3 ool Aoz 6501% HEdY, the
o] HAANZ 20.44%, YA 9.35%, EAA 3.29%,

g 191% €22 ettt ARG 7w}
FEE] AAANA Wol Exdty, ZAHAGLS

St 713 gt gtk 53] AT A¢-
£ A9 H| ALt YA, =HA} vlgo| &

Aoz Uttt $RAGY =3 ¢ 127
Loler =2 udlsol 2xsta, Wik Yoz
= HRE spdat Alg FHe] EESRe A3 B
qch oleh o] EXol&z NDVISH HmA &
YAt 2 NDVIE 83t EXo|8rgs 374
shedl 851A 289 4 9% Aotk

Fig. 3¢t Ladsat® €294 W= Band 6& ©|
S8l S5 ABPLE(LST) EEE APE3 g4+
olcl, LSTEZ AL NDVIY tlr7r2 Exjo]
S=o} wfe 2 UA|EH =AY YA F A4
o] ¢liL WhARgo] =& X¥Y &+ 30T oL
2 REsiga, R AAge] wal wA7t Qe A
Pt 534 59 2Tk AdFez e 16~2
0CY £ZE Rt

Landsat ETM+ o] ¢J3t NDVI,-LST £ZE EZ
o]g Fe iR LEst VeRHH Fig. 49 Zth
NDVI®} LST®| HE73 Table 29+ Zo| EA|
£ EAol wet A2 oE2A LRE Y, AAFHY
BEYe= A4 meked @I NDVIVL &
I 257t W ARE BEERo o2& ol RE
off Y8t NDVIZ} 71 @& 9 A% o
HEo Bxsigrt. 28y AR WA e M2 F
HEl= Aol L, s3A= AdFoR 4A 22
e S Bt oA o] A7 5HAY 7
2gEAo] Adid g tekstal W HMAE 7t

okt

ry od 4>

rde rlo

|

Of

o

120

+ water

R8BS

* forest

- padey

-0 -0.6 -0 4 -0.2 hl] o2 ¢33 04 63
NDVI

Fig. 4 The NDVI-LST feature space plot over
Chungbuk region,

Table 2 Distribution of Land—use/cover percentages

Class Pixels Percentage(%)
Forest 5914,218 65.01
Paddy 1,859,906 20.44
Urban 299,145 3.29
Barren 850,245 9.35
Water 174,022 1.91
TOTAL 9,097,536 100
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Table 3 TVDI ranges as a function of NDVI and

LST
TVDI Range Pixels Percentage (%)
0~0.2 1,432,688 13.75
0.2~04 3,911,360 42.99
04~06 2,026,176 22.27
0.6~0.8 1,415,008 15.55
0.8~10 312,304 343
TOTAL 9,097,536 100
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Fig. 5 Spatial representation of the TVDI of
Chungbuk region,
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Table 4 Meteorological ground-based measurements
data for estimating evapotranspiration

T/:z\rrel;;. Hdimg vgg::?ty S”(’Llifht
() (%) (m/s)
Cheongju 16.8 370 L1 12.0
Chungju 15.0 50.4 1.7 116
Jechon 14.7 49.1 1.8 12.2
Eumsung 12.7 84.0 14 11.0
Okchon 11.4 80.0 11 8.3
Cheongwon 14.1 73.0 1.8 12.0
Jinchon 152 72.0 L1 9.0
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