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ABSTRACT
The activities of the plants affect on not only the global budget of carbon dioxide via
photosynthesis processes, but also the water and heat transfer from the vegetated surface
into the atmosphere via transpiration processes. Thus, monitoring the seasonal activities
of vegetation (phenology) is important. In this purpose, satellite remote sensing,
especially optical sensors, is essential to solve above. However, validation sites of remote
sensing algorithms for variability of the surface status have been limited. In this article,
we proposed that a simple and cheap system to monitor the surface status using several
radiometers. In this method, an albedometer and two Photosynthesis Active Radiation
(PAR: 400-700 nm) sensors are used. Incoming and outgoing short-wave radiation
(approximately 300-4000 nm) can be divided into PAR wavelength and the other
wavelengths. We assumed that difference in radiation from the sun and in PAR roughly
pretends as near-infrared wave's radiation. From these sets, we can estimates the
reflectance of PAR wave (visible) and that of near-infrared and vegetation indices (e.g.,
Normalized Difference Vegetation Index [NDVI], Simple Ratio [SR]). We install these
systems into four typical land cover in Japan. Results from this system can be
summarized as follows: 1). This system to monitor the vegetation status generally
performed well in each land cover. 2). However, conifer forest was not expressed well the
status of vegetation, because of low reflectance in both visible and near-infrared, and 3).

Interannual variations in NDVI and SR were found, however sensor’s absolute value
checks were need to discuss interannual phenomena derived from this system.

Introduction

The activities of the plants affect on not only the
global budget of carbon dioxide via photosynthesis
processes, but also the water and heat transfer from the
vegetated surface into the atmosphere via transpiration
processes. Thus, to monitor the activities of vegetation,
so-called phenology is important. In this purpose, remate
sensing, especially optical sensors, is essential to solve
above and to expand the knowledge at patch scale into
regional or global. For example, detecting the onset and
offset of phenology (corresponding open leaves and
fallen leaves, respectively) from multi-temporal or
interannual optical remote sensing data were carried out
in continental scale (e.g., White et al., 1997) and regional
scale (e.g., Hashimoto et al., 2001). Furthermore, several
investigators pointed out the relationship between the
several vegetation indices which calculated from the
combination of surface reflectance of visible and
near-infrared (NIR), and the latent heat fluxes (e.g.,
Sellers, 1985; Verma et al., 1993; Higuchi and Kondoh,
2000; Kondoh and Higuchi, 2001). Several operational

satellites (e.g., AVHRR, TM) and new generation sensors
(e.g., MODIS, GLI) are and will be in operation, so the
increase of operational satellites would make the
importance of long-term in situ measurement sites for
validation of algorithms rise up. However, validation
sites for variability of the surface status were limited.
Recently, several activities for long-term monitoring the
surface fluxes including carbon dioxide have been rise
up in continental or regional scale (e.g., Ameri-Flux net,
Asian Flux net, GAME-AAN), but it would be looked
like that the point of view monitoring the surface status
of vegetation was lacked in these activities.

Usually, in situ measurements of spectral
characteristics of vegetation are by some spectrometers
(e.g., FieldSpec®) or a video camera which can measure
the NIR wavelength (e.g., SILVACAMY), however, both
spectrometer and video camera have to operate manually
by researchers. Thus measurement interval is largely
depended on the operated researchers and data is
non-continuous in time. Validation data for detecting the
onset and offset of phenology 1is better for



time-continuous rather than fine spectral resolution
dataset with non-continuous in time.

In this article, we proposed a simple and cheap
system to monitor the surface status using several
radiometers. Our objectives were as follows:

1). Introduce the simple and cheap system monitoring the
surface status of vegetation.

2). To apply this system into typical land cover in Japan
(grassland, conifer forest [red pine forest], paddy, and
broad-leaf forest), we check the performance of this
system.

3). To consider interannual performance of this method,
we check the availabilities of this sytem for
interannual variations of vegetation activities.

System overview and installed sites description
- Simple principle of this system

In this system, an albedometer and two photon
quantum  sensors for measurements of PAR
(Photosynthesis Active Radiation: 400-700 nm) used
(see Fig. 1 and Fig. 2). Incoming and outgoing solar
radiation (approximately 300-4000 nm) can be divided
into PAR wavelength and the other wavelengths. In the
other wavelength, solar radiation in the ultraviolet wave
(-400 nm) absorb by ozone, longer wavelength side
(1200 — nm), energy itself is very small, with several
absorption band by water vapor, which compare to
near-infrared wave (700-1200 nm). Thus, difference in
radiation of solar and of PAR roughly pretends as

near-infrared wave's radiation. Equations can be
expressed as follows:

prar = PAR T/ PAR{ )
NIR 4= Rs ¥ —-PAR @)
NIR T=Rs T -PAR T ®)
pwi = NIR T/ NIR 4 )

Fig. 1 A snapshot of a simple system for monitoring
the surface status at Terrestrial Environmental
Research Center, University of Tsukuba, Japan.

Right is two PAR sensors, center is an
albedometer, left is brightness temperature’s

radiometer, respectively. A datalogger box can
be seen for logging the data.

Fig. 2 A snapshot of PAR sensors for this system. To
calculate the reflectance of visible and NIR,
both downward and upward measured.

Here prepresents the reflectance of each wavelength

(visible, NIR), subscripts indicate the each wavelength,
PAR and NIR are radiation in PAR and NIR wavelength
which derived from PAR sensors and an albedometer,
respectively (Wm™), Rs shows the short-wave radiation

derived from an albedometer (Wm™), dand T
indicate downward and upward direction of radiation,
respectively. From Eq. (1)-(4), we can estimate each
reflectance of visible and NIR. We can also calculate the
Vegetation Indices (VIs) such as Normalized Difference
Vegetation Index (NDVI), Simple Ratio (SR). In this
study, we estimate the Vis as indicators for the surface
status of vegetation as follows:

NDVI = PYR= prar )
PNIR + OPAR
SR = puie/ prar (6)

NDVI ranged from -1 to +1, when vegetation activities
are high, NDVI is close to 1, and SR usually ranged 0 to
10, which increased with vegetation activities. Signals
from PAR sensors and the albedometer can be stored into
multi-purposed datalogger (e.g., CR10 by Campbell Sci,,
Inc) easily with other micrometeorological components.
Thus, it is ‘easy to compare the seasonal march of the
surface fluxes and vegetation activities via in situ
measurement Vegetation Indices. Advantage of this
simple system can be measured the status of vegetation
continuously. This system is suitable for monitoring the
day to day changing status of vegetation or surface.

Table 1 Site descriptions to install measurement

system
Site Name Lat. Long. Land Cover
TERC1 36.1 N 140.1 E Grassland
TERC2 36.1 N 140.1E Red Pine
Biwaprol 355N 136.5E Paddy
Biwapro2 356 N 136.2 E Broad-Leaf




I Forest

-Site descriptions for validating this system

Table 1 shows the site of installed the monitoring
surface status system.

TERC1 is a grassland which consists of several
species of C3 plants and C4 plants grasses. This
grassland locates in Terrestrial Environmental Research
Center (TERC), University of Tsukuba, Japan. Here is
also the water and energy experimental field with more
than 30 components of micrometeorological and
hydrological instruments that have been measured
routinely (Toritani et al., 1989) until 1982. In 1999,
Preliminary GLobal Imager experiment at Environ. Res.
Center. (PGLIERC) was carried out as an one year’s field
campaign of remote sensing (Higuchi et al., 2000a).
From May in 1999, we started this measurement system
at grassland. TERC2 is red pine forest where locates an
south side of experimental field (grassland) in TERC.
Same system also has been working until August 2000.
Biwaprol is paddy located the north east of Lake Biwa
by Lake Biwa Project (Nakakita, 2000). Routine
micrometeorological measurement system was started
July 1998, and this system added into the routine system
in May 2000. Biwapro2 is broad leaf forest where
located the north side of Lake Biwa that was also
supported by Lake Biwa Project. Routine measurement
tower installed in 1998 and added monitoring system in
April 2000.

-Determine the surface fluxes at each site
Energy balance equation at the land surface can be
xpress as follows:

Rn=H+E+G+%L &)+ 4+P O

where H and /E are sensible and latent heat flux, Rn is
net radiation, G is soil heat flux, and 80 / &t (S) is the

rate of change of energy storage in some layer (in paddy,
some layer is water body for irrigation). Generally, the
term of energy advection, 4k, of photosynthesis, P, can
be assumed negligible. Value of H was evaluated by an
eddy correlation method in TERC1 (grassland) and
TERC2 (pine forest) with a sonic anemometer as
follows;

H = pCpw'T" (8)
where o is the density of the air, Cp is the specific
heat of air, w is vertical wind component, T is air
temperature. Over-bar denotes the averaging and prime
the deviation from the mean. After estimation of H, /E
was determined by Eq. (7) at TERC1 and TERC2.

At Biwaprol and Biwapro2, the surface fluxes were
estimated by energy balance method with Bowen ratio,
and in Biwaprol (paddy), we have to consider the term
of S'in Eq. (7) as follows:

= 5—Q‘=2—t-D—L:‘(Tw,i—Tw,i—i)CW (9)
ot 2
where Di is the depth below the rice plant at the time i,
Tw,i is water temperature at the time J ‘and Cw is the
specific heat of water. We recalculated the components

of the surface fluxes in 1 hour average at each land

cover.

Results and discussion

-Seasonal changes in the spectral reflectance and
vegetation indices at each land cover

1). TERC1 (Grassland)

Figure 3 shows the seasonal changes in the surface
albedo, spectral reflectance of visible and NIR,
vegetation indices, /E and H during daytime, and /E/Qn
and H/Qn. Data averaged usmg 9:00-15:00 JST, and
more than Rs downward value is more than 200 W/m’.
On is defined as available energy, Qn=Rn-G. Seasonal
variations of the surface albedo can do as indicator of the
surface status (e.g., Higuchi et al., 2000b), but as these
values divided into the signals of visible and NIR from
this system, we could see more information about land
surface status. From Fig. 3 (b), reflectance of visible
decreased rapidly from 90 Day of Year (DOY) to 140
DOY. After this, the reflectance of NIR increased from
120 DOY to 170 DOY
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Fig. 3 Seasonal variations of the surface albedo (a),
spectral reflectance of visible and NIR (b) by this
method, vegetation indices (c) by this method,
the sensible (H) and latent (IE) heat flux (d), and
normalized value of the surface fluxes (E/Qn,
H/Qn) (¢) at TERC1 (grassland). Each value is



daytime averaged (9:00-15:00 JST with Rs

downward value is more than 200 W/m?).
We could see the peak of reflectance of NIR in 170 DOQY,
from this variation of visible and NIR, vegetation indices
in NDVI and SR also have seasonal variations. These
variations were similar, but in the summer, a little
difference was found in the variations in NDVI and SR.
Because of routine measurement system problem in
TERC]1, some measurement lacks were found in Fig.3
(d) and (e). However it could see from Fig.3 that the
values of H and [E were similar in winter (330DOY
—90DOY), this period was also the absence of grass, after
“onset of phenology (we could define the day from Fig. 3
(b) and (c) as 90 DOY in this year)”, /E exceeded H (see
Fig, 3 [d], [e]), because of activities of grass {vegetation)
through the process of transpirations.

2). TERC2 (Red Pine Forest [Conifer Forest])

Figure 4 shows the seasonal changes at TERC2 (red
pine forest). It should be noted that x axes in Fig. 4 (a)
and (b) were different from those of Fig. 3.
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Fig. 4 Seasonal variations of the surface albedo (a),
spectral reflectance of visible and NIR (b) by
this method, vegetation indices (¢) by this
"method, the sensible (H) and latent (/E) heat
flux (d), and normalized value of the surface
fluxes (LE/Qn, H/On) (e) at TERC2 (red pine

forest). Each value is daytime averaged with Rs

downward value is more than 200 W/m?.
Seasonal variation in the albedo was found in Fig. 4 (a),
but its amplitude was quite small than grassland (Fig. 3
[a]).Generally, conifer forest has small reflectance in
both visible and NIR, in this study, it was also found in
Fig. 3 (b). Because of small values in reflectance of
visible and NIR, NDVI and SR varied widely, but there
were not represent the surface status of red pine. As a
considerable reason of these phenomena, we installed the
PAR radiometers just above the red pine canopy, thus a
field of view was too small and it could be considered
that this system at red pine forest detected the local effect
within a field of view of each sensor. When install this
system into conifer forest, it have to get an enough height
to see an overview in conifer forest.
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downward value is more than 200 W/m?).

3). Biwaprol (Paddy)

Figure 5 shows that seasonal changes at Biwaprol
(paddy). The surface albedo indicates the surface status
changes from the water body to rice canopy (Fig.5 [a]),
but to see in Fig. 5 (b), more information about the
changing status of paddy. Increasing the leaf area density
of rice plant, reflectance of visible was decreasing
(135-170 DOY), otherwise, in the reflectance of NIR
was increasing from the start of this system until 200
DOY. This increase was corresponded to the increase of
Leaf Area Index (LAI), and to see carefully in Fig, 5 (b),
we could see the increase of reflectance of visible in
August (213 — end of this measurement). This period was
also corresponded to the change of stage of paddy from
growing stage to post-growing (rice plant had come into
ear). Only information of albedo (Fig. 5 [a]), such
surface condition change could not be detected.

4). Biwapro2 (Broad-Leaf Forest)

Figure 6 shows the seasonal changes at the site of
Biwapro2 (Broad-Leaf Forest). From Fig.6 (a), we could
see the high albedo values in winter, because of presence
of snow, especially from 360 DOY in 2000 to 50 DOY in
2001. Without plotting in Fig. 6 (a), sometimes values of
surface albedo were reached 0.6, maybe those days
covered by snow. Corresponding to the high values of
the surface albedo in winter, reflectance of visible (Fig. 6
[b]) in winter was also high. However, during 60 DOY —
110 DOY in 2001, the surface albedo were decreasing
rapidly, this period maybe corresponding to the surface
condition changes from snow cover to the absence of
snow, from Fig. 6 (b), the reflectance of visible kept high.
We -expected that this observation result suggested the
effect of the shape difference between PAR sensors and
albedometer, rather than the actual phenomenon. As
shown in Fig. 2, the light detector of PAR sensor is flat,
on the other hand, generally, most of albedometer and
pyranometer have dome made by glass for protecting the
detector part. The dome shape is better to detect the
changing solar elevation and its radiation, and it is easy
to remove the snow over an dome by itself. On the other
hand, the flat shape is difficult to remove the snow and
more affective against dirt on the detector. The site of
Biwapro2, located on the most of top of mountain, with
snow cover in winter, thus, the road to access the
observation site was closed in winter season. So, it was
impossible to maintain the instruments of this site. To
discuss the interannual variation of the surface condition
via this system, it should be notice the data quality of
short-wave radiation components, especially downward
components because of the dirt or shift of direction of
each detector.

Seasonal variation in vegetation indices (Fig. 6 {c])
showed a rapid rise up in May 2000 (120-150 DOY),
after this rise up, NDVI kept relatively stable vale in
summer and autumn, From Fig. 6 (c), in the broad-leaf
forest, this method can detect the onset of phenology
(open leaves). The seasonal march of the surface fluxes

(H, IE) can be shown in Fig. 6 (d), (e), these fluxes
derived from bowen ratio method, normalized value,
H/On, had minimum peaks in the beginning of August in
2000 (Fig. 6 [e]). This peak is different from the rapid
increase in vegetation indices in May (Fig. 6 [c]), and the
peak in reflectance of NIR around 150 DOY in 2000 (Fig.

6 [b]).
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Fig. 6 Seasonal variations of the surface albedo (a),
spectral reflectance of visible and NIR (b) by
this method, vegetation indices (c) by this
method, the sensible (H) and latent (IE) heat
flux (d), and normalized value of the surface
fluxes (1E/Qn, H/Qn) (e) at TERC2 (red pine
forest). Each value is daytime averaged
(9:00-15:00 JST with Rs downward value is
more than 200 W/m?). It denotes that x axes in
Fig. 6 (b) was scaled by log scale because of
high reflectance of visible in winter.

Intercomparisons of seasonal variation in
reflectance of visible and NIR, and
vegetation indices at each land cover

Figure 7 shows seasonal variations in albedo,
reflectance of visible and NIR and NDVI at each land



cover. This figure represents well the characteristics of
land cover differences in the point of view in vegetation
status. From Fig. 7 (a), even if information of the surface
albedo, surface status can detect in some level, however,
add this system into routine micrometeorological
measurement system, more information could be gain.
This figure also suggested us that this method is useful in
agricultural field, rather than forest. However, both two
forests site, we installed the two PAR radiometer just
above the canopy of forest. If enough height for
installing this system could be available, the results
would be changed,

Concluding remarks

We introduced an simple and cheap method for
monitoring the surface status using an albedometer and
two PAR radiometers. This system’s advantage are,
firstly, can monitor continuously in time, and relatively it
is free of maintain of this system. Routine maintain is
clean up the detector of each radiometers. Compare to
other in situ optical remote sensors needs more spending
time. Secondly, this system can easily added into other
micrometeorological measurement system with save the
budget. The prices of most of PAR radiometers are
cheaper than the other instruments. We hope that this
system would become to popular in micrometeorological
measurement, and validation sites expanded all over the
continents with this systems.
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