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Location of the experimental site.

Table ]| Meterological variables with model number and manufacturer of instrumentation used

Meteorological variable  Manufacture Model number Hight (m)
Air temperature and RH ~ Campbell Scientifc,Logan Utah,USA HMP45C 24.0, 19.6
Net radiation REBS, Seattle, WA,USA Q*7 17.3
Albedo Kipp & Zonen B.V., The Netherlands CM-14 17.3
Soil heat flux REBS,Seattle, WA,USA HFT3 -0.02
PAR PREDE Co.Ltd,Tokyo, JAPAN PAR-01 17.1
Atospheric pressure Campbell Scientifc,Logan Utah,USA CS105 7.0
Surface temperature TASCO JAPAN Co.Ltd.,OSAKA,JAPAN THI-500 20.0
Soil temperature Campbell Scientifc,Logan Utah,USA 107 -0.2,-0.1
Soil moisture Campbell Scientifc,Logan Utah,USA CSé615 -0.1~-0.3
Precipitation Campbell Scientifc,Logan Utah,USA TE525 15.1
Wind profile Vector Instruments, N.Wales, UK A100L2 25.2,22.4,19.6,17.1,10.0,4.9
Wind Speed/Direction Campbell Scientifc,Logan Utah,USA 5103 26.5
Sensible heat flux Campbell Scientifc,Logan Utah,USA CSAT3 26.5
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Table 2  List of Landsat TM images
Mar. Apr. May Jun. July Aug. Sep. Oct. Nov.
1984 14Aug.
1986 14Apr. 140ct.
1987 19May 4Jun. 29July 11Nov.
1989 31May
1991 22Nov.
1992  13Mar.
1995 28July 17Nov.
1996 25Apr. 20ct.  3Nov.
1997 12Apr. 210ct.
1998  30Mar. 18Jun.
2000 4Apr.
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Fig. 2 Comparison between NDVI of TM data and NDVI of the ground observation.
6 1 1 T T I p
| 0 e ’
N4 O O
§4 ©C _o° E?Qg? )
g3 é%) < < o .
£ o ©C0% 9 (;@ oyie (%9%0 o
B a%, o8 %0 Tl
1k %O@ S LB 7° o Q%Cb .
%o 0D Q&0 8 o OGS %
Ok _1 | al 1 | =

100 150

200
Day of year (2000)

250

Fig.3 Seasonal variation of evapotranspiration using Bowen ratio method.
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Fig. 4. Seasonal variation of canopy resistance
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1. INTRODUCTION

Estimation of evapotaranspiration(ET) at wide
forest areas is important for clarifying global water
balance and heat balance in global climate changes
and water resources problems. Many researches
of estimating ET using satellite data in wide
regions have focused on the problems for
meteorologists, hydrologists and forest ecologists.
There are three types for the method of studies; the
first method type is using the ET model and the
land cover classification of the wide areas carried
out by satellite data and the second type is
estimating ET .using the relationship between the
satellite data and ET data. The third method type
is studying of relationship between normalized
difference  vegetation index (NDVI) and
parameters of ET models as presented by Nemani,
R. R. and Runing, S.W.(1989) .

However, the relationship between NDVI from
satellite data and ET is only the instantaneous
result at the time the satellite observes a study area.
It is difficult to obtain the continuous ET and the
total amount of ET using satellite data in clear sky
days. This is an important defect in estimating
the seasonal variations of ET at the forested areas.

The objectives of this study are to examine the

three relationship of NDVI by the ground
observation method (Higuchi, A. and Nishida,, K.
et al., 2000). Specifically, we (1) examine
seasonal relation between NDVI and ET, (2) and
seasonal variation between NDVI and canopy
resistance and (3) test NDVI and the leaf area
index (LAI) using LI-COR LAI-2000 Plant
Canopy Analyzer at the deciduous broad-leaved
forests.

2. THE STUDY AREA AND METHODS

(1) Site characteristics

The study area is located at Yogo town of north
Shiga prefecture in Japan. Fig. 1 shows the map
of the study area. The terrain is a steep slope over
30 degrees to the southeast direction.  The type
of vegetation around the tower is a deciduous
broad-leaved forest, except for valley. The
coniferous trees of Sugi (Cryptomeria japonica
D.DON.) exist at the valley of the study area. The
forest canopy exhibits two layers. The upper one,
between 10-17m at the time of this experiment,
consists of a dense vegetation layer of branches
and broad leaves (Carpinus tschonoskii Maxim.,
Zelkova serrata Makino, etc.). The lower one (0
-10m) mainly consists of low trees (Camellia



Japonica L., Benthamidia japonica Hara. etc.).

(2) Meteorological measurements

The forest meteorological observation tower
(the scaffold tower 26.5m above the surface and
about 10m above the canopy) is located at the
deciduous broad-leaved forest in the Takatoki
River watershed (136°12°43.1” E, 35°33° 38.9”
N, elevation 420 m). Microclimatic instruments
are shown Table 1. Continuous measurements of
sensible heat fluxes, Bowen ratio, energy budget,
wind profile and wind direction have been
performed since October 1998, The analysis of
the study used the data from April 2000 to
November 2000.

(3) NDVI measurements

NDVI is calculated by satellite data from
NDVI = (NIR - RED)/(NIR + RED) (1)
where NIR is the near-infrared and RED is the
visible red band.

However, estimating of NDVI on the ground
observation requires photosynthetesis active
radiation (PAR) meter and albedo meter by
Higuchi’s method (2000). NDVI was measured
using PAR and albedo data at about 17m height of
the observation tower. Equation of NDVI on the
ground observation is

PPAR = PAR 1 | PAR |,NIR |= Rs | -PAR |,
NIR 1= Rs ? ~PAR ,pNIR = NIR } / NIR | 2)

_ (pNIR - pPAR)
NDVI = (ONIR + pPAR)

where p is reflectance of each wave length, PAR is
the photosynthetesis active radiation by photo
quantum sensors, Rs is the solar radiation, 1 is the
upward radiation and | is the downward radiation.
In this study, the NDVI was determined not from
reflectance but from reflective radiance of PAR
and solar radiation, which made the dispersion of
the NDVI ranges low. This equation is as the
following:

NDVI = (NIR } -PAR 1)/(NIR } +PAR 1)

(3)
= (Rs 1 =2PAR 1)/Rs 1
The seasonal variation of NDVI used in this study
was calculated by daily means of the NDVI values
from 8:00 to 16:00.

3. RESULTS AND DISCUSSION

The satellite data consist of 20 Landsat TM
scenes from 1984 to 2000 (Table 2).
Comparison between NDVI of satellite data and
NDVI of the ground observation was examined
using 7*9 pixels images of the study area.
Relationship of seasonal variations of the NDVI is
shown in Fig.2. There are good agreements
between the NDVI of TM data and the maximum

and average of NDVI on the ground observation
from April (DOY 100) to November (DOY 350).
The seasonal variations of the NDVI of TM data in
2000 are not indicated here. However, the result
shows general similarity between the two seasonal
variations. Several relationship were investigated
between NDVI, ET and Leaf area index (LAI).
Seasonal variations of ET based on Bowen ratio
method and of the canopy resistance based on
Penman-Monteith method are shown in Fig.3 and
Fig.4.  Estimates of canopy resistance were
indicated by moving average of 3days, 7days,
15days and 31days, because the daily fluctuations
of estimating canopy resistance were big.
Seasonal measurements of LAI using LAI2000 are
shown in Fig.5. There was a good correlation
(r=0.71) between NDVI from the ground
observation and LAI (Fig.6), but there was not a
good correlation(r=0.58) between NDVI from the
ground observation and ET (Fig.7), and neither
was between NDVI and canopy resistance (Fig.8)
of Penman-Monteith method (r=0.64). With
these results, it was considered that ET depends on
daily meteorology range and NDVI depends on
the leaf area of vegetation, the density of canopy
biomes and the activation of biomes.

However, there was a good agreement on the
correlation between NDVI and maximum of ET
(Fig.9, r=0.88), the canopy resistance (Fig.10,
r=0.79) in 14 days periods from April to
November. Therefore, the seasonal variation of
the NDVI gives an upper limit of maximum ET in
these observation periods.

4. CONCLUSIONS

1) NDVI using Higuchi’s method on the ground
observation is similar to NDVI from TM data
in the seasonal variation.

2) ET using Bowen ratio method, canopy
resistance of Penman-Monteith method and
NDVI on the ground observation is not in
good agreements of the correlation.

3)However, the maximum ET is related to the
NDVI on the ground observation for 14 days
periods. It was considered that the values of
NDVI accord with an upper limit of maximum
ET in this study.
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