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Estimation of Monthly Actual Evapotranspiration Using
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Abstract

The purpose of this study is to estimate monthly evapotranspiration (ET) using normalized difference
vegetation index (NDVI) obtained from NOAA-AVHRR data sets. Actual evapotranspiration was evaluated
by the complementary relationship, and monthly NDVI was obtained by maximum value composite method
from daily NDVI images in the Korean peninsula for the year 2001. The monthly actual ETs for each iand
cover were compared with the monthly NDVIs to determine relationships between actual ET and NDVI for
each land cover category. There was a high correlation between monthly NDVI and monthly mean actual
ET. This study presents an alternative approach for land surface evapotranspiration based on remote sensing

techniques.
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L. Introduction

Evapotranspiration (ET) is the process by
which water is evaporated from wet surfaces and
transpired by plants (Chow, 1984). There are
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many methods of estimating ET and potential ET
such as soil—moisture sampling, lysimeter mea—
surements, water balance, energy balance,
groundwater fluctuations and ET equations, but
it is very difficult to estimate ET by consideration
of regional characteristics of topography or
vegetation.

Most methods require various meteorological
data and these equations are very complex. Also,
these methods are not suitable for estimating of
distributed ET. Factors controlling ET from
ground are air temperature, humidity, wind,
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radiation, soil—moisture and so on. These factors
strongly influence the vegetation, and the
vegetation influences the ET directly. Therefore,
there is a high correlation between the vegetation
and the ET. To grasp vegetation condition at any
area, NDVI calculated from NOAA—AVHRR data
1s utilized.

The relationship between vegetation and ET
has been investigated by many researchers.
Running and Nemani (1988) reported proportion
between iNDVI (integrated NDVI) and yearly ET
and Tada et al. (1994) estimated distributed ET
using relationship between NDVI and ET and
reported linear proportion between NDVI and ET.
However, these studies have several assumption
that relationship between NDVI and ET was fixed
and adopted for all watershed. Therefore, there
were not various relationships between NDVI and
ET for various surface conditions.

The purpose of this study is to estimate
monthly actual ET using high correlations
between NDVI from NOAA—AVHRR data and ET

NOAA/AVHRR data sets

:

which considered various watersheds and land
cover conditions.

. Materials and Methods

NOAA satellite was designed for making
meteorological observation. This satellite have
AVHRR sensor which have five channels from
0.58 um to 12.5 m. Temporal resolution of this
satellite is 16 cycles per day and spatial
resolution of AVHRR images is 1.1 km by 1.1 km.
KMA (Korea Meteorological Administration) has
received two scenes per day. In this study,
AVHRR images for 2001 year were obtained
from KMA.

Surface observations for meteorological
condition are being conducted at the 77 manned
stations with automated equipment. The sixteen
elements including pressure, temperatures,
humidity, precipitation, cloud coverage, winds,
solar radiation and so on, are measured every

three hours. Under special conditions, such as in

Meteorological data sets

:

Calkculation of NDVI

Morton’s complementary relationship equation

}

Calculation of monthily NDVI

:

Calculation of iNDVI for 2001 year

}

:

Cakulation of monthly actual ET

:

Land cover classification

Actual ET =aNDVI+b

Monthly actual ET from NOAA/AVHRR

Fig. 1 Flowchart of this study
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heavy rains or severe weather, observations are
made every hour or every 30 minutes. Daily
meteorological data including four elements
(temperatures, humidity, wind velocity, duration
of sunshine) was used for calculating of monthly
actual ETs.

Fig. 1 shows the flowchart of this study. There
are two main procedures. One is to calculate

(a) raw image

(c) Albedo image

NDVT and to create land cover map from NOAA—-
AVHRR data set. NDVI is normalized difference
vegetation index. The other is calculation actual
evapotranspiration from meteorological data set.
Finally, relationship between NDVI and actual
evapotranspiration was used to estimate actual
evapotranspiration from NOAA—-AVHRR data
set.

.

GCP £16

GCP #15 GCP 310

GCP #12

GCP $18 ¢ M

GCP 513 J

(b) Korea boundary map

(d) geo-corrected image

Fig. 2 Pre-processing
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[l Pre-processing of NOAA-AVHRR Images

Firstly, NOAA—AVHRR images are required to
correct topographically because raw images have
no coordinate system. Secondly, it is necessary
to transfer the pixel values into albedo because
pixels of raw images include just reflectance
value of surface objects. NGIS digital maps have
TM (Transverse Mercator) coordinate system,
so raw images were corrected into same
coordinate system using Korea boundary digital
map with 19 GCPs. Fig. 2 shows pre—processing
of NOAA-AVHRR images. Used resampling
option was a nearest neighbor option in which the
new grid value is the same as that in the nearest
cell in the old grid.

IV. NDVI and Land Cover Map

NDVI developed for estimating the state of the
vegetation (Rouse et al., 1974), has been widely
adopted and applied due to its effectiveness as
a surrogate measure of biophysical parameters.
NDVI can be represented as follow for application
of NOAA—AVHRR data.

NDVI = 53 Chl

where Ch.1, 2 are the reflectance in the visible
red (channel 1) and near infrared channel
(channel 2) of NOAA—AVHRR, respectively. The
NDVI of cloud covered area shows negative value
because the value of Ch. 1 is greater than that
of Ch. 2 in cloud covered area. The NDVI of non
cloud covered area has positive value. The
maximum value composite (MVC) image was
produced to extract the maximum value of each

18

pixel comparing the values among the series of
NDVI images. Monthly NDVI was created by
MVC method. This method is that pixel value of
monthly NDVI revalued into maximum value of
daily NDVI's pixel value from NOAA—-AVHRR
images for one month. Also, imageries in the
winter period are not suitable for obtaining
ground surface information due to snow cover.
From five to fifteen scenes per month used to
create monthly NDVI by this reason.

In this study, MVC values were calculated
monthly from consecutive NDVI images with the
exception of snowing season.

Also, iNDVI (integrated NDVI) can be used as
representative NDVI within a given period of time
(Fig. 3).

ANDVI— Z(NDVI{-XdJ)

dj

where NDVI; is jth NDVI and d; is observed day
of NDVI;.

Land cover map was derived from iNDVI using
histogram classification method (Fig. 3). This
method may categorize vegetation area which
takes similar ground characteristics into a land
cover class. Land cover map can be used for
estimating ET of each land cover classes.

V. Actual ET from Meteorological Data

Morton (1978) and Brutsaert et al. (1979)
suggested that actual ET can be estimated by the
complementary relationship and it was

represented by:

Ea = ZED_Epp .................................... (3)
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where Ea is actual ET (mm/day), Ep is potential
ET by Priestly—Taylor's method (mm/day) and
Epp is potential ET by Penman's method
(mm/day).

=1.96—4— G PR
Ep=1.26~"— (R, + M~ G) (4)

Epp=(—dé_l*.——r-)—(Rn+M“— G+ r RuXe,—e,)

d+r
............................................................ (5)
E = SEppeseesecrmrosisinsiins (6)
M=0.66L, ~0.44R, e-vvereeereerersesieenunn, (7
G=C,« R,ewsesreresmessssimimnomis it (8)

where Ry is net radiation (J/m*/d), M is advection
(J/m'/d), G is soil heat flux (J/m/d), 4 is slope
of saturation vapor pressure graph (hPa/C), r is
constant of psychrometer (hPa/TC), {(u) is
function of wind velocity (mm/hpa/d), es is
saturation vapor pressure graph (hPa), e. is
actual saturation vapor pressure graph (hPa), L,
is long wave radiation (j/m'/d), Cr is soil heat flux
coefficient. Some of all value are observation
data and the others are calculated value by these
follow equations.

_ 1779.75X1In10X e,

4= D T LA (9)
1005%x P,

PR s (10)

) =0.26(1 4 0.5420) -+ ovreevmorverressvnisnnnes (11)

e, =6.11x 10 7B F0 (12)

P,=1013.25—0.119861H+5.356 x 10 ~®H*--- (13)

A ={(2501 =2.37D X103 reverememnviniininins (14)

where t is atmospheric temperature (C), P is
atmospheric pressure (hPa), A is latent heat of
evaporation (J/kg), uis wind velocity on 2 m from
surface, H is altitude (m).

Many empirical equations for estimating actual
flux of solar radiation from duration of sunshine
are linear equations which regard the ratio of
duration of sunshine to possible duration of
sunshine as parameter,

d _ oo
A ——(a+b)N (15)

Where [ is flux of solar radiation, Io is flux of solar
radiation at the outer limit of the atmosphere, a
and b are regional coefficients, n is duration of
sunshine and N is possible duration of sunshine.
Table 1 shows a and b of each large river basin
from monthly flux of solar radiation.

Table 1 Regional coefficients for calculating flux of
solar radiation

Basin Name a b
Han River 0.210 0492
Nak-dong River 0.199 0517
Geum River 0.182 0.561
Yeong-san River 0.178 0.587
Seom-jin River 0.190 0528

Net radiation was estimated using Penman
method as follow.

R, =S,-L,
=(1— a)I—0.08640(¢+273)*(0.56 — 0.092Ve,)
(0.1+0.97%)

where S, is short wave radiation (J/m/d), a is
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Table 2 Monthly surface albedo

Jun Jul Aug  Sep Oct Nov Dec

Class Jan Feb Mar Apr May
Water 001 009 008 007 006
Urban 032 032 03 030 028

Evergreen 0.09 0.10 0.10 0.10 0.11
Deciduous 010 010 010 010 013
Paddy 016 015 010 008 008

006 006 006 007 008 010 011
027 028 030 0306 030 030 032
012 01z 012 012 0Il 01f 010
015 015 0I5 015 014 013 010
010 013 022 018 015 015 015

Table 3 Monthly soil heat flux coefficient

Jon  Ju Aug  Sep Oct Nov  Dec

Class Jan Feb Mar Apr  May
Water 0.20 0.20 0.20 0.20 0.20
Urban 0.40 0.40 0.40 0.40 0.40

Evergreen 0.04 0.04 0.04 0.04 0.04
Deciduous 015 0.15 0.15 0.10 0.06
Paddy 0.15 0.15 0.12 0.15 0.15

020 020 020 020 020 020 020
040 040 040 040 040 040 040
004 004 004 004 004 004 004
005 005 005 005 010 012 015
008 008 008 008 010 015 015

albedo and ¢is Stefan—Boltzmann constant (0.57
x 107" W/m/K")

Albedo (a) and soil heat flux coefficient (C;)
are used empirical value (Table 2-3).

Since, daily meteorological data are necessary
to use the complementary relationship, weather
elements (e.g., temperature, humidity, wind
velocity, duration of sunshine) are acquired from
the 77 meteorological stations in Korea. Fig. 4
shows actual ETs for each basin.

In general, actual ET of Han River basin located
at central part of the Korea peninsula less than
that of others located at southern part (Table 4).
However, actual ET of Seom—jin River basin
located at southern part was similar to that of Han
River basin, because mean temperature of two
basins was similar in 2001, Total actual ET of
five river basin is 822.7 mm from Jan. to Nov.
of 2001.

20

VI. Estimation of Monthly ET Using NDVI
from NOAA-AVHRR Data

Satellite—derived NDVI is very useful tool for
the frequent monitoring of green vegetation
cover. The state of vegetation has a correlations
with meteorological condition, and meteorological
condition also has high correlation with ET.
Therefore, it can be considered that ET at a
forest region such as the Korean peninsula is
linearly proportional to the NDVL

The histogram of NDVI reflects seasonal
changes of vegetation very well. Linear re—
gression analysis was performed on each land
cover. The results of this procedure may offer
the method for estimating directly actual ET
using NDVI at any point. Regression equations,
Ea=a - NDVI+ b type, of each land cover class
were derived from multiple regression analysis
(Table 5).

SFFea A A6 AlE, 2004
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Fig. 4 Estimated actual ET for each river basin (2001)
Table 4 Actual ETs of each river basin from Jan. to Nov. of 2001 year (mm)
Han Geum Nak-dong Yeong-san Seomn-jin Mean
Water 681.2 781.7 7209 839.5 676.2 7134
Urban area 361.1 4145 3835 4599 353.6 379.0
Paddy 815.3 932.8 8708 992.8 836.0 857.2
Evergreen 760.1 8725 814.1 929.1 779.1 800.3
Deciduous 720.9 830.7 7715 8835 7259 758.6
Total 732.6 842.1 783.7 896.8 7431 7708

Journal of the Korean Society of Agricultural Engineers, 46 (1), 2004.1
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Table 5 Regression equations of each land cover class

Land cover class Regression equation R?
Urban area  Eau = 441.86-NDVI+4.8268 0.46
Paddy Eap = 294.39-NDVI+24.265 041
Deciduous Ead = 41342-NDVI-13.268 0.65
Evergreen Eae = 381.69-NDVI-39.839 0.62
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The actual ET can be estimated simply using
these regression equations with only one
parameter, NDVI, at any points. Fig. 5 shows
actual ETs from NOAA-AVHRR images.

As a result, total actual ET of each basin was
estimated from 696.8 mm to 959.3 mm in 2001
(Table 6). In fact, it is impossible to measure

BRBRNIGO S
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Table 6 Comparison between rainfall and actual ET (mm)

Han Geum Nak-dong Yeong-san Seom-jin

R Em En R Em En R Em En R Em En R Em En
Mar 176 313 305 166 458 450 99 406 459 198 439 451 233 437 452
Apr 158 554 532 232 817 8.4 280 750 806 407 8.0 906 452 757 762
May 184 947 954 230 1243 1253 444 1138 1154 294 1256 1325 566 1083 1093
Jun 185.7 1089 1109 2133 1269 1276 2725 1281 1321 2973 1303 1417 4090 1083 1095
Jul 3951 1194 1342 2338 1475 1502 1861 1483 1609 1785 1609 1832 2915 1361 1402
Aug 1139 1191 1339 1129 1389 1392 812 1252 1342 1035 1490 1532 1301 1193 1216
Sep 0916 694 709 409 953 948 1321 808 85 577 1098 1149 994 819 842
Oct 1112 457 448 844 502 510 1133 435 512 828 555 621 929 414 406
Nov 170 238 230 131 315 326 103 285 306 197 3B7 360 154 283 295
Total 966.3 667.7 6968 7612 8421 8461 8778 7838 8384 8294 8967 9593 1,163 7430 756.3

* R is rainfall

Em is actual ET by Morton's method using meterological data

En is actual ET by regression equation using NOAA data

actual ET from field. Therefore, it is difficuit to
calibrate and verify actual ET using observed
actual ET. For verification of actual ET from
NOAA-AVHRR image, it is necessary to com—
pare actual ET from NOAA—AVHRR image with
actual ET by verified evapotranspiration equa—
tion. The result of comparison, RMSE was 0.41
(Table 6). For obtaining high accuracy, NDVI is
required to be calibrated using more temporal
series NOAA—-AVHRR images.

VI. Conclusions

This study is based on high correlation bet—
ween NDVI from NOAA—-AVHRR data and ET
from meteorological data. Using this method,
areal distribution data set of actual ET can be
produced simply using NDVI calculated from
NOAA—-AVHRR data.

The following summaries were drawn:

1. NOAA—AVHRR images were corrected into
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TM coordinate system using Korea boundary
digital map with 19 GCPs and RMSE is 0.5 pixel.

2. Monthly NDVIs from Jan. to Nov. of 2001
year ware created by MVC method and land
cover map was derived from iNDVI using
histogram classification method with five classes.

3. Actual ET from meteorological data was
estimated by Morton's complementary relation—
ship equation and total actual ET of five river
basin is 822.7 mm from Jan. to Nov. of 2001 year.

4. The regresston equations of each land cover
class were drived from linear regression analysis
using high correlation between NDVI and actual
ET.

0. Actual ET from NDVI was estimated by the
regression equations and total actual ET of each
basin is from 696.8 mm to 959.3 mm.

This method is applicable to other countries on
suitable calibration of relationships between
NDVI and ET. This method makes it possible to
estimate ET of any areas where enough meteo—
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rological and hydrological data are not available.
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