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Estimation of Spatial Evapotranspiration using the Relationship between MODIS NDVI and Morton ET
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ABSTRACT

The purpose of this study is to estimate monthly Morton evapotranspiration (ET) using normdized difference vegetation index
(NDVI) from MODIS satdlite images. Morton ET for land surface conditions was evauated by using daily meteorologica data, and
the monthly averaged Morton ETs for each land cover were compared with the monthly NDVIs of three years (2000-2002) at
Chungjudam Watershed. There was a high correlation between monthly NDVI and Morton ET for the watershed with average
coefficient of determination, 0.80. By comparing the MODIS NDVI ET with SLURP Morton ET, the SLURP ET was smdler than
the MODIS NDVI ET. This was estimated from the consideration of soil moisture condition for the ET occurrence in the SLURP
model, the limited information from the monthly NDVI vaues, and the errors from the derived regression equations.
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g oAl YAEAL 71H (Remote Sensing Technique)<
ol-gsto] A} Ex|ol8a} 7R AP 2 u} wAH FHARF
S A7) et A7) o]FofA Yth Gurney and Hall
(1983)2 HAEAl Ar=HE ALE A3d dHe 2 2%
oF 7VIARE ol gslo] 4Rl Aus HAstel g S
2RS AR vF 9Jom Jackson et al. (1983)-& YARA} 2}
2F o8t A9 e wt ¥idkels WARF 9 A|:E
W e 5 22 IR QaF Akl gjdEAleyA],
72, S5 9 2571 5 22 VAR E Agsto]
TWFS FEshe 7Ie ANt B ek Shin (1996)2
NOAA AVHRR (Advanced Very High Resolution Radiometer)
o rRE FE3 AARS o 8sto] ke Ao
et SHANES APgstal, Al 45 oF HE 9o, Chae
et al. (200002 HAA 92 dd= Landsat TM (Thematic
Mapper) $394A=2} GIS (Geographic Information System)
£ o83t &Y ofl|A] 7] 84 I OR FEshaL
olF o|gsto] Fo FHARES FAg v it

w2 A 542 S £9Y 17 7VdHEaY 71
ZFE (2000-2002)F o848 Morton (1978)] H.ekzA 4]0
ot Ex|uEd FHREF} MODIS (Moderate Resolution
Imaging Spectroradiometer) AR 2 HE] =% AFAANR|G
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Fig. 1 Flow chart of this study
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1. Morton CRAE ET

Morton CRAE 9 AA|SHARF 292 AHE
A 2 mgo] ZASHAboleh= S-S AA &
ASHAERS Aklshet] Rlsle] 7R REE 2Py oz A
AsiErs ARt Mol Q22 Aot} Morton
o] AAZHEAIEA 232 Bouchet (1963)7F Alkst GojZ=at
2KRegional Evaporation)7fd& HA]#A Morton (1983)°]
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oBN TS FHoks SAHEY HEdl whste], Morton
AT Fnge Aol dojyks wf Hsh

9’] %Q = o T O
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2. MODIS NDVI

MODIS+= A+ BEd Eool #3t A=E AlFshe vy
Q33 Terra EOS (Earth Observation System)9Ad9] F
AAE st S48, 7] 2ol 8o 7t thal Al
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A3, s JRES skl AlFsiaL Slck o] FollA
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ofi= 4] (2)2F Zo] 7HFA o dat AL o H o
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2z 9o ooWA 661.5 km®, FFEL 609.1 m, Lo A= MODIS 250m NDVI 169 34 (MOD13Q1)

HaBA 349 %= Fig. 2 oA H= Hie} o], et &
SR Aok do] 9x)s) glom, ARwHAo] 5481.7 km’EA Table 1 Summary of land use area of Chungjudam watershed
FHAC] 83.4 %ol o2t (Table 1). whhA] o] §9& 4= Land use Area
Baglo] glol, Agrele] kgl A7) 9 F= 4 kat i
CIPKL U 4 Slost, ol SUFe] ot 2t By Urben e N
- Paddy 186.4 2.8
0] = o .L;_ vl A ZAE =
?‘%‘ 8l oo €] Hi”rixlﬁowfﬂ = AR Deciduous Forest 16689 2.0
o] L85k E4RE Hrlsk=y &L= Qo) Coniferous Forest 2501.9 37.6
Mixed Forest 1386.9 20.8
Grassland 29.5 0.4
Bare Ground 178.6 1.0
Water 66.2 1.8
Total 6661.5 100.0
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Fig. 4 MODIS NDVIs of each land use ((a): 2000, (b): 2001, (c): 2002)
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Table 2 The derived MODIS ET (E,) from NDVI value for
each land use

Land use Regression equations R?
Paddy E,=172.88 X NDVI - 12.95 0.79
Upland Crop E.=151.74 X NDVI - 17.41 0.78
Deciduous Forest E.=168.69 X NDVI - 26.64 0.84
Coniferous Forest E.=183.09 X NDVI - 29.16 0.80
Mixed Forest E,=169.18 X NDVI - 35.78 0.82
Grassland E.=172.43 X NDVI - 21.20 0.82
Urban E.=83.47 X NDVI - 2.54 0.74
Bare Ground E,=121.59 X NDVI - 15.13 0.79
Water E.=215.87 X NDVI - 33.39 0.82
Average - 0.80

Table 3 Summary of the monthly MODIS NDVI ET (A) and Morton CRAE ET (B) for each land use(2000-2002) (mm/month)

pr ecﬁpi‘ Paddy Upland Crop Deciduous Coniferous Mixed Forest Grassland Bare Ground Water
Year Month | tation Forest Forest
mm) | A | B A | B| A | B | A | B A | B| A | B | A | B A | B
Apr 47.7 | 408| 59.2| 27.2| 47.8| 408| 66.2| 457| 727| 420| 694 | 274| 508 155| 30.1| 24.6| 485
May 99.2 | 745| 1146| 66.0| 830| 875 | 1164| 919| 121.5| 924 | 1189 | 72.8| 91.6| 46.3| 50.8| 82.8| 106.3
Jun 195.6 | 1004 | 122.8| 89.3| 100.0| 114.1| 117.3| 1144 | 1225| 113.3| 1199| 98.3| 1094 | 625| 70.2| 105.7| 106.9
Jul 1952 | 115.1| 137.8| 99.7| 1182 1158 | 1354 | 119.7 | 141.3 | 116.8| 1384 | 107.9| 1253 | 70.1| 84.9| 1049 1334
2000 Aug 328.3 | 1143 ] 1180 982 119.6| 111.6 | 130.6| 115.9| 136.7| 112.6| 133.7| 107.2| 126.9| 69.7| 85.2| 105.5| 129.0
Sep 2753 | 1069 | 786| 944| 68.0| 109.9| 86.6| 114.1| 90.9| 11L1| 887| 10L2| 753| 650| 41.9| 97.3| 795
Oct 295 | 879| 46.2| 79.1| 440| 934| 488] 1005| 55.2| 97.9| 520| 83.7| 483| 526 30.8| 91.0| 420
Nov 382 | 627| 253| 495| 227| 56.8| 285| 69.3| 308| 647 29.7| 51.6| 226| 314| 191| 57.3| 234
Total | 1,208.9 | 702.5| 702.5| 603.5| 603.5| 729.9 | 729.9| 771.6 | 771.5| 750.7| 750.7| 650.0| 650.0| 413.0| 413.1| 669.1 | 669.1
Apr 196 | 490| 59.3| 384| 478| 50.2| 66.7| 576| 733| 423| 55.8| 39.2| 50.8| 215| 30.1| 342 482
May 109 | 77.7] 1035| 730| 830| 1023 | 111.9| 106.4| 119.7| 943| 96.1| 80.1| 9L6| 506| 50.8| 89.1| 924
Jun 1819 | 974 1244 859 100.0| 109.3| 117.8| 113.2| 123.0| 98.7| 110.1| 94.6| 1094 | 60.8| 70.2| 100.7| 1104
Jul 3274 | 1172 1334 987 1182 1164 | 131.4| 120.1| 137.2| 103.1| 122.7| 109.1| 125.3| 71.0| 849| 1123 131.3
2001 Aug 1013 | 117.3| 121.3| 103.0| 119.6| 1154 | 1335 121.8 | 139.7 | 104.5| 1245| 1121| 126.9| 71.8| 85.2| 110.3| 1335
Sep 210 | 1074| 756| 974| 680]| 1164 | 87.3| 1204 | 94.2| 1043 | 78.0| 1046| 753| 65.1| 41.9| 1035| 76.6
Oct 109.1 | 89.3| 49.6| 80.8| 44.0| 87.0| 522| 1020| 61.1| 852| 493| 841| 483| 534| 308| 885| 474
Nov 35| B81| 236| 5L7| 227| 547| 269| 680| 29.1| 533| 25.7| 543| 226| 336| 19.1| 492 215
Total 7748 | 7134 690.8 | 6289 | 603.5| 751.8 | 727.7| 809.5| 777.3| 685.6| 662.2| 678.2| 650.0| 4279 | 413.1| 687.7| 661.4
Apr 2115 | 413] 59.2| 29.2| 478| 419| 66.2| 446| 727| 449| 694 | 3L7| 508| 20.1| 30.1| 358 485
May 107.7 | 84.0| 1145| 77.6| 83.0| 1105| 1164 | 109.7 | 121.5| 111.3| 118.9| 89.0| 91.6| 57.2| 50.8| 106.6| 106.3
Jun 88.4 | 995 122.8| 89.1| 1000| 1183 | 117.3| 119.2| 1225| 1186 | 119.9| 102.2| 1094 | 63.1| 70.2| 110.5| 106.9
Jul 238.0 | 1230 137.8 | 106.4| 118.2| 120.6 | 1354 | 127.6| 141.3| 124.0| 1384 | 119.6| 1253 | 764 | 849| 124.3| 1334
2002 Aug 703.0 | 125.6| 1180 107.2| 119.6 | 116.6 | 130.6| 125.2| 136.7| 120.8| 133.7| 114.8| 126.9| 752| 85.2| 117.2| 129.0
Sep 80.8 | 111.7| 786| 98.0| 68.0| 113.0| 86.6| 1194| 909| 116.1| 88.7| 100.0| 753| 63.3| 41.9| 923| 795
Oct 455 | 729| 46.2| 645| 440| 721| 488| 8l10| 55.2| 77.3| 520| 63.6| 483| 39.7| 30.8| 647| 420
Nov 139 | 445| 253| 3L6| 227| 369| 285| 448| 308| 37.7| 29.7| 292| 226| 181| 19.1| 17.7| 234
Total 1488.8 | 702.6 | 702.6 | 603.5| 603.5| 729.9 | 729.9| 771.6 | 771.5| 750.7| 750.7 | 650.0 | 650.0| 413.1| 413.1| 669.1| 669.1
22 FE Bt rg AR A1, 20
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Fig. 5 The comparison of SLURP ET, MODIS NDVI ET and Morton CRAE ET ((a): 2000, (b): 2001, (c):
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2 k9] albedo ¥ soil heat flux A4 (Kotoda, 1986)
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4 NDVIE 1112 theAlA

AuEEg A A3 AL Table 29F Zom AAAS
(R?, determination of coefficient)= EAJA|H <] 0.745€
A 08472 E2Eglom, M4 Het R2= 0.800]
QJt}. Table 3 Morton CRAE ET$} MODIS NDVI ETZ tf
717kl tiste] ExwEER vlwste] Hejgt Aot Axt
£ AEd, A EA9E disto] 49~89ell= Morton
ET7} MODIS NDVI ETHt} 274 APgE|9lon, 7hR&o] A%}
= 99RE 1197H= Hi2 2] APgE|ick

2. SLURP r22% ZIjefo| H(w

23 998 iAo R Morton CRAE FHRAREES o] 83t
SLURP 2Hg2 HEA A3k= Shin et al. (2009)9] =&
oAl ZpAI] thFaL Qlrt. HE2 MODIS ¥ NDVIARE 1le
slo] AEAEQ) o mEol oJgt FRMAIFES: ufjUo] EfeR
g areste] 4P ZAxtolt}, MODIS NDVI ET, Morton
CRAE ET 183 SLURP ETE ¥d& 9%utsto] T8}
W Fig. 59 gttt 18& B 789 25t EQpEo]
B3k AE AQJslals SLURP ET7F th2 & ETgkEcH 2
Al YERFL Qlet. ofegh Zjole] 91 AHEH, AR, 7
oA wjYe] EgpES FH6lo] EgeRo] 153t A
eollAe IuE AR ARk Zol5HA HOE7] ]
olfel HEo], EAl, Y 9] HHHR |, fEdt
A w2 e} SeRtElo] WAYSE Aog whehETh whet
A} NDVI AAETo 8 oo k9] Fhiles Hofsh=
dl= $AZE 9lom, MODISO] AlgAR FollA A|3EH 2%t
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