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Comparison of monitbring applicability between Crop Production Index
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ABSTRACT

This paper compares the applicability of the Crop Production Index CPI with conventional methods, taking into account
the acquisition of the necessary data by remote sensing. The author has developed the CPI index as a remote sensing
method for monitoring grain production in the early stages of crop growth in Japan and Asia. A photosynthesis based crop
production index CPI takes into consideration the solar radiation, the effective air temperature, and NDVI as a factor
representing vegetation biomass. The CPI index incorporates temperature influences such as the effect of temperature on
photosynthesis by grain plant leaves, low-temperature effects of sterility, cool summer damage due to delayed growth, and
high-temperature injury. These latter factors are significant at around the heading period of crops. The CPI index for rice
was validated at ten monitoring sites in the central and northern half of Japan. This paper proves the ability of the CPI to
predict poor crop production using rice yield statistics, contrasting it against conventional methods such as the cumulative
Growing degree day GDD, integrated NDVI, and photosynthesis rate.

Keywords: monitoring, crop production, rice, photosynthesis, NDVI

1. INTRODUCTION

This research aims to monitor grain production by developing a photosynthesized type of crop production index, which
displays functional dependence on solar radiation, temperature effects, stomatal opening, and vegetation biomass. It is
important to oversee the quantity of grain in production in Japan and Asia at an early stage in the present era of increasing
Asian population and water-resources restrictions. Continuous predictive monitoring of crop production in East Asia
would allow orderly management of food security issues including Japan, which is one of the world’s major grain
importers. Conventional methods have generally been based on the cumulative value of the effective air temperature
(growing degree day, GDD) by Idso ", Bollero et al. ?. or integrated NDVI proposed by Rasmussen®. However, none of
these methods correctly expresses the grain production by estimating the time-integrated photosynthesis rate. Many
researchers have presented conventional papers on crop simulation, including Williams et al.”. Priya et al.” and Perez et
al.?, and remote sensing data have been incorporated in the models by Maas ” and Wiegand ®. However, those models
simulate the growth process of crops, making them highly complicated, as Monteith , and Sinclair and Seligman ' have
pointed out. Several methods use seasonal changes of the normalized difference vegetation index NDVI derived from
satellite observation. The method in this paper takes the amount of growth and biomass as known, using remotely sensed
data NDVI, and estimates the instantaneous photosynthesis velocity easily and accurately. The photosynthesis-based crop
production index CPI proposed in this paper can predict the rice yield under conditions of low temperature sterility,
sunshine shortage, and high temperature injury. This paper validates the CPI index at ten monitoring sites in Japan and
verifies its particular ability to predict poor grain production, in contrast to conventional indices.



2. METHOD OF CROP PRODUCTION INDEX CPI

2.1 Conventional methods
Many conventional crop studies have correlated the grain quantity in production with the growth index of Growing

Degree Day GDD, or with water stress indices such as stress degree day'>*"
VS
GDD =—max _mm _ T (1)
> b

where, Tpax is the maximum daily air temperature, Ty, is the minimum daily air temperature, and Ty, is a threshold
temperature for the crop, below which physical activity is inhibited and equal to 10 °C.

In conventional research using remote sensing, the vegetation index NDVI '"2-13)9 concerning the vegetation
biomass, is related to the crop production. Rasmussen® defined the integrated NDVI (iNDVI) and related it to the grain
yield.

Viald= s J“] * NDVI(t)di +b @

where, a and b are regression coefficients, and t1 and t2 are the day number of seeding and harvesting.

In grain production forecasting using the latest remote sensing, daily values of the photosynthetically active radiation PAR
and the vegetation biomass (NDVI) are taken into the model. Frthermore, Rasmussen (1998) gave the net primary
production NPP using satellite data according to the following formula:

NPP = gjo'(aNDVJ +b) - PAR - dt 3)

where ¢ is the efficiency coefficient,, t isthe time, and PAR is the photosynthetically active radiation.

This NPP is a photosynthesis-type model. However, this formula does not allow for such important factors as
temperature influences on photosynthesis, temperature sterility and stomatal opening of crops. The present research
improves modeling based on the photosynthesis type of crop production index so as to incorporate the effects of global
solar radiation, temperature, stomatal opening, and vegetation biomass. ~Although the areas of crop study and remote
sensing have generated much research, especially on the production of wheat and corn, it is all restricted to consideration
of the water stress or formulas based on vegetation indices. To give a more accurate value of the grain quantity in
production, the crop production index should take the form of the photosynthesis velocity so as to express the growth of
crop vegetation and filling of grain, both of which relate directly to the quantity produced.

2.2 Proposed method
Rasmussen '> proposed a net primary production (NPP) model by taking into account the daily photosynthetically
active radiation PAR and the amount of vegetation biomass (NDVI), so as to estimate the NPP from satellite data. The
equation of NPP is of photosynthetic type, but sterility due to low- and high-temperature injury and stomatal opening due
to shortage of water resources or inadequate irrigation are not accounted for. It is reasonable to suppose that crop
production can be estimated based on a daily photosynthesis rate. Generally, temperature has two effects on the quantity
of grain production: its normal influence on the rate of photosynthesis, and the effect of extremes of temperature on
sterility during the stages of heading, flowering, and filling. To model these two effects, three response functions, to
photosynthesis, low-temperature sterility and high-temperature injury are employed in the period before and after heading.
This research expands the form of NPP by Rasmussen to consider air temperature and stomatal opening, as well as the
solar radiation and the amount of vegetation biomass already considered. The photosynthesis velocity is defined by



equation (1) as follows'® !: 18:19.20).

a * APAR

=—""_. T, B, eLAl )
b + APAR Son (Te) B,

where PSN is the photosynthesis rate, 4APAR is the absorbed photosynthetically active radiation, S , is the stomatal opening,

aand b are Michaelis-Menten constants, 7, is the canopy temperature, eLA! is the effective leaf area index, and f, is

PSN

the sterility response function for the air temperature.
The authors' former paper' ©presents sensitivity analysis curves for the Michaelis-Menten-type response function versus
solar radiation and the temperature response of the photosynthesis rate as well known as the Sigmoidal-Logistic type

function :

1
Son(T2) = L +expik,, (T, - T,,v)}} i

where T}, is the temperature parameter at half of the maximum photosynthesis rate, and kg, is the slope parameter.
The temperature response functions for low-temperature sterility and high-temperature injury are defined by the following
equation, referring to the curves obtained by Vong and Murata *";

Fleer (T'c) = l - exp[kl.ster (TLster - Tc )] 2 (63)

FHsler (Tc) = 1 - exp [kHster (I'c - THster ] (6b)

where, k.., is the low temperature sterility constant, 7}, is the low sterility limit temperature, & 4, is the high
temperature injury constant, Ty, is the high injury limit temperature, and 7. is the plant leaf temperature.

Finally, the response function of the compounded temperature sterility effects due to both low and high temperatures in
grain production is expressed by the following equation:

FSter (Tc) = {1 - exp[ kLster (TLster - Tc )]}
’ {1 - exp[ kHsler (Tc - THsler )]}

Next, integration of the photosynthesis rate over an interval from seeding ¢ to the time t of crop plant stage defines the
photosynthesis-based crop production index CPI for rice having the following forms:

(6¢)

During crop plant stage 1, of growth:

CPI, = | PSN,, - dt ™
During crop plant stage 2, of booting, heading, flowering to ripening:

CPI, =F,,(T.)- J‘ PSN,, - dt (7a)

FSter = J;/ fSIer (T'c) ' dt (7b)

At the crop plant stage 3 of harvesting:

CPI, = F,(T,) ['PSN, - dt (70)



FSter = I fSIer (Tc) 2 dt (7d)
'y

It is necessary to normalize the NDVI so as to remove the effect of planting area (plant coverage ratio) on the
photosynthesis rate at different paddy sites. Even if the crop yield in a year was the norm, the NDVI is liable to differ each
year. The plant coverage ratio per data pixel of remote sensing is dependent on the individual sites. We therefore define
the standardized NDVI, called the NDVI Unit, by dividing by the annual average yield as follows:

NDVL,, =2V, ®)
" INDVI, o 4

The photosynthesis rate is similarly normalized to give the ‘PSN Unit’ upon dividing by the normal photosynthesis rate
averaged annually, as follows:

j" PSN - dt
" TiPSN |,

The EPIC (Erosion-Productivity Impact Calculator) uses the same idea to normalize the effect of accumulation of

PSN |, ©

Growing Degree Day, by defining the Heat Unit Index.

The quantity of grain production in the growth stages of heading and filling is influenced by a crop physiological
mechanism called low-temperature sterility, and by high temperature injury, in addition to cumulative photosynthesis up
to heading. To transform the CPI index into the appropriate photosynthesis type of grain production index, the
photosynthesis rate PSN of equation (1) must be multiplied by the temperature sterility function F, of equation (3c)
involving the heading term to be expressed via equation (5b and 6b), which is of time-integrated form to account for the
effect of temperature on flowering, pollination, and ripening.

3. DATA USED IN THE
MODELING
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Figure 1: Distribution of NDVI and monitoringu sites in Japan for

varidation of Crop Production Index CPI.



The Japanese Ministry of Agriculture, Forestry, and Fisheries provides grain statistical information, which includes
crop situation index for the paddy rice at ten sites for monitoring and validation district. This crop situation index is the
ratio of crop production in the year in question to the mean annual production for the ten most recent years. The Society of
Agricultural Meteorology in Japan has published a special report, which summarizes the relation between the
meteorological conditions and the poor harvest in 1993. The satellite NDVI data used in the CPI index is the 4-minute
mesh set of vegetation index data derived from NOAA Advance Very High Resolution Radiometer (AVHRR) by
Tateishi*?.

4. COMPARISON of the CPI and CONVENTIONAL METHODS
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Figure 2: Relation between the crop production index CPIy and Crop situation index at ten monitoring points.

Figure 2 shows the relation between crop situation index CSI and the CPIy, to verify applicability to rice yields at 10
sites in Japan. The photosynthesis rate of the CPIy index decreases as a result of the inadequate solar radiation or
accumulation of air temperature. The CPI Unit becomes a little less than 1, implying poor production compared to the
normal harvest averaged annually. The CPIy can predict a trend of poor production, expressed by the crop situation index
decreasing linearly to below 100. The many values of the CPI index close to 1 imply the usual behavior of the
photosynthesis rate governing rice yields in most years. However, abnormal weather with low temperature and much
cloud, which happens about every 10 years, causes low temperature sterility and late ripening of rice. The CPIy then
rapidly falls to zero, since the limiting problem is not photosynthesis but inadequate flowering and late ripening. The
sterility function curve, which has a steep gradient for low air temperatures, is able to capture the very bad harvest in the
worst case of the crop situation index below 50 in 1993. The third mechanism is high temperature injury, expressed by
equation (6b). When the air temperature is excessive, the CSI decreases slightly with further increase in air temperature as
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Figure 3: Comparison of monitoring applicability for Crop Production Index and conventional methods. The figures show
relations between the cumulative growing degree day GDD and Crop Situation Index at ten monitoring points,

and between yield and cumulative GDD.

seen on the right in Figure 2, though it is still greater than 100 in the right side range of x axis, that is greater than CPIy=1
in the Figure2. According to the mechanisms included in the CPIy index, CPIy can predict rice production taking into
account photosynthesis, low temperature sterility, and high temperature injury, depending on meteorological conditions.

Figure 3 shows relations between the crop situation index CSI and the cumulative growing degree day (GDD), and
between the yield and cumulative GDD. The cumulative GDD has a linear relationship to the yield but shows no ability to
distinguish bad production due to low temperature sterility from normal rice yields in other years. The air temperature has
two effects, on growth and ripening by photosynthesis and on pollination from heading to flowering of the grain. This
sterility effect on pollination is not linear in temperature, but cuts in rapidly below a threshold of about 18 degrees

Figure 4 shows relations between the crop situation index and the integrated NDVI (iNDVI), and between yield and the
iNDVI. The integrated NDVI is not able to predict either the crop situation index or the yield, and in particular is unable to
predict a bad harvest due to low temperature sterility. The iNDVI values depend strongly on regional characteristics such
as soils, type of rice and mixcel effects, involving other plants (vegetables, trees, etc.).
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Figure4:  Relations between the integrated NDVI and Crop Situation Index, and between yield and iNDVIL.



Figure5: Applicability to crop production of integrated PSN based on remotely sensed data. The figures show relations between the
Crop Situation Index and integrated PSN, and crop yield and iPSN.
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Figure5: Applicability to crop production of integrated PSN based on remotely sensed data. The figures show relations between the
Crop Situation Index and integrated PSN, and crop yield and iPSN.

Figure 5 shows the performance of the integrated photosynthesis rate iPSN used as a crop yield index. The crop situation
index decreases linearly with iPSN but shows no ability to predict low temperature sterility, because sterility is not
dependent on photosynthesis but is related to flowering and pollination. The iPSN performs much better than the iGDD or
iNDVI since it is linear with respect to crop yield; however, the iPSN values show considerable scatter arising from
dependence on regional conditions.

Consequently, only CPI, is able to predict a bad harvest due to sterility effects, by making the CPI, values decrease
sharply to zero based on the eigen-functional relationship between CPI, and the crop situation index CSI, as well as the
yield.

5. CONCLUSIONS

This paper compares the applicability of the Crop Production Index CPI and conventional indices, based on remotely
sensed data. The aim is to develop a remote sensing method suitable for monitoring rice production from the early stages
of crop growth right up to harvesting in Japan and Asia. The present paper proposed a photosynthesis-based crop
production index CPI that takes into consideration the solar radiation, the effective air temperature, and NDVI as a factor
representing vegetation biomass. The CPI index incorporates the mechanism of temperature influences such as the effect
of temperature on photosynthesis by grain plant leaves, low-temperature effects of sterility, cool summer damage due to
delayed growth, and high-temperature injury. These latter factors are significant at around the heading period of crops.
The CPI index for rice was validated at ten monitoring sites in the central and northern half of Japan using the rice crop



situation index. The validation exercise clearly proves the superior ability of the present index to predict poor production
using rice yield statistics in comparison to conventional methods such as cumulated growing degree day GDD, integrated
NDVI, and photosynthesis rate. The method is based on routine observation data, allowing automated monitoring of crop
production at arbitrary sites without any special observations.
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3. Modeling
a APAR

PSN = ———
b+ APAR

ST Bl @

where PSV is the photosynthesis rate. APAR is the absorbed photosyathetically active radiation, B, ik
the stomatal opening, @ and b are Michaelis-Menten constants, T, is the canopy temperawre,  efod]
is the effective leaf area index, and  f,, is the sterility response function for the air temperature,

The authors' former paper'®presents sensitivity analysis curves for the Michaelis-Menten-type
response function versus solar radiation and the temperature response of the photosynthesis rate as well

known as the Sigmoidal-Logistic type function :

1

T)= ’
Soe(T0) [Tm :

where Ty, is the temperature parameter at half of the maximum photwsynthesis rate, and koo isthe
slope parameter.
The temperature response functions for low-temperature sterility and high-temperature injury are delined

by the fotlowing equation, referring to the curves obtained by  Vong and Murata ™'":

Fruw(T) = 1= explk,,, (T, —T. )], (6a)
Frtr (T.) =1- exp[klhm (Tr Tt )] (6b)

where, k., is the low temperature sterility constant, 7}, is the low sterility limit temperature, k gy, is
the high temperature injury constant, 7y, is the high injury limit temperature, and 7, is the plant leaf
temperature,
Finally, the response function of the compounded temperature sterility eftects due to both low and high
temperatures in grain production is expressed by the following equation:
Fyor (T) = {1 —expl k e (Tpee = TN}

1 (6
{1 - exp[ K e (To = Ty, O} ?

Next, integration of the photosynthesis rate over an interval from seeding #, to the time t of crop plant

stage defines the photosynthesis-based crop production index CP1 for rice having the tollowing forms:

During crop plant stage 1, of growth:

d
CPl, = | PSN,, -dt ™
During crop plant stage 2, of booting, heading, flowering to ripening:

CPl, = F,(T.)- f PSN,, - dt (72)

{

!
Fye = [ fau(T,)-dt (1)
&
At the crop plant stage 3 of harvesting:

CPl, = Fyg,(T,)- ['PSN,, -dt 70)

Foer

i

[ fonT) -t a0
Ity .

It is necessary to normalize the NDVI so as to remove the effect of planting area (plant coverage ratio)
on the photosynthesis rate at different paddy sites. Even if the crop yield in a year was the norm, the
NDVI is lisble to differ eacl year. The plant coverage ratio per data pixel of remote sensing is
dependent on the individual sites.  We therefore deline the standardized NDVL called the NDVi Unit, by

dividing by the annual average yield as {ollows:

(¢3)

The photosynthesis rat is Ssimilacly normafized to give the *PSN Unit’ upon dividing by the normal

photosynthesis rate averaged annually, as follows:

()

The EPIC (Erosion-Productivity fmpact Calculator) uses the same idea to normalize the effect of

accumwlation of Growing Degree Day, by defining the Heat Unit Index.
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4. Data used in the modeling

1) Meteorological Data
The ground air temperature data, which are supplied by the
Japanese Meteorological Agency from the Automated
Meteorological Data Acquisition System (AMeDAS) point at ten
sites, distributed in the Japanese agricultural plains, have large
acreages suitable for satellite monitoring of the paddy fields.
2) Crop statistics
The Japanese Ministry of Agriculture, Forestry, and Fisheries
provides grain statistical information, which includes crop situation
index for the paddy rice at ten sites for monitoring and validation
district. This ercqr sifwaticon tudex is the ratio of crop production in
the year in question to the mean annual production for the ten most
recent years.
3) NDV1
The satellite NDVI data used in the CPI index is the 4-minute
mesh set of vegetation index data derived from NOAA Advance
Very High Resolution Radiometer (AVHRR) by Tateishi(2001).

Paddy: Land cover classification
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Fig. 4 Distribution of NDVIand monitoring Fig. 5 Distribution of Paddy
sites in Japan for validation of Crop Production fields (red axess) in Matsue City
Index CPIL and paddy test site.
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Figure 8 shows the performance of the integrated photosynthesis rate iPSN used
as a crop yield index. The crop situation index decreases linearly with iPSN but
shows no ability to predict low temperature sterility, because sterility is not
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Abstract

The climatological features of the diurnal cycle of precipitation are investigated around the Himalayas
by utilizing hourly, 0.05 deg. x 0.05 deg. gridded, precipitation data from the Tropical Rainfall Measuring
Mission (TRMM) satellite for each meteorological season of the five-year period 1998-2002. The horizontal
and vertical distribution of precipitation are investigated in the context of diurnal cycle. There is substantial
seasonal and diurnal variation of precipitation over the southern slopes of the Himalayas. There is midnight-
early morning peak of precipitation in the summer monsoon season. This peak migrates southward over the
southern slopes of the Himalayas.

1. Introduction

It is generally said that atmospheric convection in the Himalayas and Tibetan Plateau plays an im-
portant role in sustaining the monsoon through the release of latent heat. Therefore, it is important to
understand the variability of convective activities in this region. To the authors knowledge, precipitation
regime has not been well studied around the Himalayas, where annual precipitation is as much as 300-400
cm over the southern slopes of the Nepal Himalayas (Shrestha 2000; Barros et al. 2000) and there appears
strong variability over the diurnal cycle with nocturnal peak in rainfall during the summer monsoon season
(Barros et al. 2003).

Ever since the launch of the Tropical Rainfall Measuring Mission (TRMM) in 1997, tremendous interest
has arisen in the field of using these remotely sensed data to establish a global precipitation climatology.
The non-synchronus orbit of TRMM has potential for documenting the diurnal cycle. The TRMM produces
data from unique sensors like TRMM Microwave Imager (TMI) and Precipitation Radar (PR). TMI is a
nine-channel passive microwave sensor desinged to provide quantitative rainfall information. The PR is
capable of measuring the detailed, three-dimensional structure of precipitation with horizontal resolution of
4.3 km. The PR measurement has a very high accuracy, whether taken over land or ocean. More description
of TRMM sensors can be found on Kummerow et al. 1998.

Here, we would like to demonstrate one of the remarkable precipitation characteristics observed by
TRMM: the diurnal variation of rainfall. Areas of emphasis include: horizontal and vertical variation of the

diurnal cycle of precipitation.

2. Data and Method

We mainly used PR products (e.g., PR2A25, PR2A23) to investigate precipitation distribution. The
main data included are the attenuation-corrected radar reflectivity factor and near-surface rainfall rate.
"Near-surface rainfall rate’ was accumulated and binned to hourly local times for the grid size of 0.05 deg. x



0.05 deg. for each meteorological season for the 5-year period 1998-2002. We adopted similar procedure for
the radar reflectivity factor and storm height datasets. Additionally, we choose rainrate threshold of <=5
mm h~1(120 mm day —') as light rain and >5 mm h~! as moderate to heavy rain. This selection was based
on the precipitation histogram tendency around the Himalayas. Refer to Bhatt and Nakamura, 2005 for
more details.

3. Results and Discussion
3.1 Horizontal distribution

The spatial variability of storm height around the Himalayas is shown in Fig. 1a. It shows a difference of
the peak (maximum) storm height between June-July-August (JJA) and March-April-May (MAM). Actual
storm height used in our analysis is the top of the precipitation column above the ground level instead of
mean sea level. There is an increase of peak storm height over the southern slopes of the Himalayas, and
decrease over the northern Indian subcontinent and the Tibetan Plateau in the premonsoon season. These
results suggest that there is significant difference among the storm height distribution over the Tibetan
Plateau, northern Indian subcontinent and southern slopes of the Himalayas.

The storm height characteristics over the southern slopes of the Himalayas are unique. We next
present area-averaged 3-hourly diurnal cycle of rainfall occurrence in three climatic divisions (refer Bhatt
and Nakamura, 2005) over the Himalayas (Fig. 1b). These plots show normalized percentage of rainy grids
in three climatic divisions of the Himalayas. An inspection of the diurnal cycle of precipitation reveals
an afternoon maximum during the premonsoon season and midnight-early morning maximum during the
summer monsoon season. Other noted features include: daytime peaks during September-October-November
(SON) and December-January-February (DJF). As a unique feature, midnight-early morning southward
progression of precipitation is noticed during JJA over the southern slopes of Himalayas.

3.2 Vertical distribution

As anticipated from our earlier discussion on horizontal variability, the vertical profiles of radar re-
flectivity factor could show relatively similar geographical variability over the Himalayas. We selected radar
reflectivity factor data above the terrain and gridded for 0.05 deg. x 0.05 deg. over three climatic divisions
of the Himalayas. Figure 2 shows the climatological diurnal cycle of the radar reflectivity factor and its
vertical distribution averaged over the 82.5E-85.0E longitudinal belt during JJA. The white dashed contours
represent the vertical velocity from GAME reanalysis dataset, which provide some idea on the upward mo-
tion. We observe, daytime northward migration of precipitation denoted by ’A’ and midnight-early morning
southward one denoted by ’B’. At the extreme high elevations, daytime precipitation cells are enhanced as
denoted by ’C’. There is trailing stratiform precipitation in this region. The brightband altitude appears
approximately at 5.5 km MSL. There is relatively deep but small precipitation system in the foothills of the
Himalayas at 3-6 LT. We also studied the climatological diurnal cycle of radar reflectivity factor for MAM
over the same region. We found that vertical profiles depicted isolated deeper precipitation cells (not shown)
than in the summer monsoon season with no brightband. Overall, the analysis of precipitation does confirm
substantial diurnal and seasonal variability.
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Figure 1: (a) Horizontal distribution of peak storm height difference between JJA and MAM. The topographic
contours are also shown. (b) Areal representation of the seasonal variation of the diurnal cycle of rainfall
occurrence in three climatic divisions over the Himalayas for eight time periods of a day. The LH, MH, HH
in y-axis stand for the lower, middle and high Himalayas, respectively. See text for explanations.

4. Concluding Remarks

The climatological features of the diurnal cycle are investigated using high resolution PR data. An
inspection of the diurnal cycle of precipitation appeared in PR observations reveals an afternoon maximum
during the premonsoon season and midnight-early morning maximum during the summer monsoon season
over the southern slopes of the Himalayas. Unlike the horizontal distribution of precipitation, the vertical
distribution of precipitation shows almost similar geographical variability over the southern slopes of the
Himalayas. The vertical profiles of the radar reflectivity factor reveals trailing stratiform precipitation
regime over the southern slopes of the Himalayas in the summer monsoon season.
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Figure 2: The diurnal variation of the vertical profiles of radar reflectivity factor averaged over 82.5°—85.0°E
longitudinal belt from PR during JJA of 1998-2003. The solid contours represent standard deviation, label
by label for each 250 km by 5 km segments from south to north. The white dashed contours represent clima-
tological mean vertical velocity (m s~!) averaged over 80°—85°E longitudinal belt from GAME reanalysis.
For more explanations, refer to text.
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Introduction

Sahara desert is the world largest Aeolian soil (fine sediments of desert
sands and dust) concentration It supplies about 50% of the Aeoclian
materials to oceans through sandstorms. Many studies have carried out to
identify sources of these Sahara sandstorms using field investigations and
remote sensing data. TOMS (Total Ozone Mapping Spectrometer) satellite
data clearly detected the origin of large-scale airborne aerosols in Sahara.
This figure shows a map produced by NASA using TOMS data to analyze
aerosol activates (2004). This high aerosol activates are concentrated over
the area from Bodele depression to the direction of Lake Chad ERecent
droughts and sand storms from Bodele depression reduced Lake Chad
greatly to 5% of its original size within last few decades.

8 12 16 20 24 28 32
TOMS Al{Aerosol Index)
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Bodele depression

Located in northern Chad, southeast to Tibesti Mountains (3415m) and
Massif Ennedi highlands (1450), Bodele depression once formed a lake
named Lake Megachad some thousands of years ago. The lowest point in
the area is 160m. Figure shows combined MODIS mosaic of the region
with elevation features. Trade winds coming from northwest are entering
to the depression through the narrow passage of highlands, increasing the
wind speed. These winds are uplifting find sand in Bodele depression,
making this location as the most active place for sandstorms.

Monitoring with MODIS data

MODIS sensor data are providing an extensive amount of semi-real-time
information for sandstorm observation. The approach of this study is to
isolate sandstorm tnass (area covered by the storm) by the conventional
maximum likelihood classification method. The main advantage for this
approach is the availability of sandstorm-free image data set to be used as
ground truth information. i

Training sites and Classification

Training sites were selected through a wisual comparison of 2 images,
overlaying one ower the other, 2005010 .aqua. 250m : Sandstorm image
(least wisibility from the space) and 2005024 terra. 250m : Non-sandstorm
image. Training site identification and classification conducted by
knowledge based approach, using digital data files. Study area covers
about 99,000 sq km (4400 x 3600 pixel).
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When the sandstorm is thick, nearly all signals of wisitble bands are
returning from the top of the sandstorm to the sensor, without penetrating
to the land surface. Hence, the color and tone of the image area under the
sandstorm are depending on the amount of dust in the sky and the colors
of underneath land cover (with the case of natural color images).
Because of this, different training sites were selected from different
surface colors and finally combined using wind direction information and
non-sandstorm image features. Following figure illustrates the basic
method used for class merging (after conducting the classification by
maximum likelihood classification) in sandstorm image.
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Based on above assumption, different subclasses in sandstorm-covered
area were combined into three classes, in the final map as; 4). Sandstorm
with 0 visibility. B) Sandstorm with poor visibility (compare to non-
storm image) and C). Sandstorm with moderate visibility (compare to
non-storm image). Following 2 images are showing sandstorm and after
sandstorm image.

In page 4, classified image is presented. Resulted maps gave a clear
discrimination along the sandstorm thickness boundaries as well as
different colors within the sandstorm. Ln future studies, same method can
be applied to map in Bodele depression sandstorms to compare with 2005
January map (this study).
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Development of global data set using NOAA/AVHRR GAC data
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Abstract

The current status of the study on the land cover monitoring over the Yellow River in China is outlined in
this paper. Three kind of optical sensors, MODIS, AVHRR and Landsat have been used in order to understand
the recent status and the change for 20 years since 1980 of the land cover. Land cover map is generated from
time series of MODIS in 2000. Time series of AVHRR is in production for the change detection. Landsat
data will be applied to drastically changed area such as irrigation districts.

1. Introduction

Yellow River in China (figure 1) has been dried up for many days in a year and long distance since 1970s.
It is mainly due to the decrease of precipitation in the upstream of the basin and excess water use for the
irrigation.  Therefore the hydrological model which can deal with the human activity such as dam operation and
irrigation has been being developed in Research Revolution 2002 project [1] for the optimal management of
river water. Land cover is one of the most important parameter in the model since it reflects human activity as
agriculture and it also provides the hydrological characteristics of land surface. The objective of this study is to
analyze the land cover and its change for 20 years from 1980 over the Yellow River basin using remote sensing
data.

2. Method of the study

The method of this study is shown in figure 2. Three kinds of optical sensor are used depend on its
temporal and spatial characteristics. Because the MODIS onboard Terra is new sensor which has been operated
since 1999, it is used to understand recent status of the land cover. Land cover classification map has been
generated using time series of MODIS product in 2000 combined with DMSP/OLS product. AVHRR has been
operated continuously over 20 years and historical data is available since early 80s, hence it is used to detect the
change of land cover. The time series of AVHRR data is generated with the spatial resolution of 1 kilometer
from the HRPT, LAC and GAC data. Landsat series of sensor i.e. MSS, TM, and ETM+ have quite higher
spatial resolution relative to previous two sensors, even though temporal resolution is low in contrast. These
data are used for the validation of land cover classification and change detection, and local analysis over the
drastically changed area.

1980

1. Land caver classification nsing MODIS
2. Change defection using AVHRR
3. Yalidation and detatled analysis by Landsat

ig. 1. Yellow River basin. Fig. 2. Method of the study.

3. Land cover classification using MODIS

Land cover map was generated by the classification using time series of MODIS 250 meter resolution
reflectance product (MOD09Q1), 500 meter resolution snow product (MOD10A2) and DMSP/OLS nighttime
light product in 2000. Eleven kinds of land surface features i.e. annual maximum and minimum NDVI, annual
maximum and minimum reflectance in band 1 and 2, annual average reflectance in band 1, monthly average
NDVI in April and June, number of snow days in summer season, and human settlements, are derived from
MODIS and OLS products (figure 3), and these were input to the simple decision tree classification method
shown in figure 4. The threshold values used in decision tree were adjusted manually by comparison of
classification result to the other land cover maps. Sixteen types of land cover which include five kinds of
agricultural categories were adopted from the hydrological point of view. Classification result is shown in



figure 5. This map was compared to two reference data, existing classification map [2] and Chinese census
[3][4]. Land cover map categories were aggregated and compared in province base. The result is shown in
figure 6. Forest shows good agreement with land cover map, but overestimation relative to the census. Total
agricultural field, grassland and barren show the good agreements in both comparison, but individual agricultural
categories i.e. paddy field, dry field, and irrigated field resulted in poor agreements. This classification map is
used as the base map in the hydrological model.
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4. Change detection using AVHRR
4.1 Production of AVHRR data set

Time series of AVHRR data for 20 years has been being produced from HRPT, LAC and GAC data with 1
km resolution. HRPT was supplied by Kitsuregawa Laboratory [5], University of Tokyo, and LAC and GAC
were downloaded from CLASS, NOAA [6]. The radiometric calibration is applied using time varying
calibration coefficients to derive the top of atmosphere reflectance for channel 1 and 2. Channel 3 to 5 are
converted to blightness temperature by non-linear calibration method[7-10]. In geometric calibration, initial
correction is applied by means of Two-Line Element orbital information [11] followed by precise correction
based on the ground control points (GCPs) derived from MODIS product. Precise correction is composed of
orbital correction and attitude correction. Orbital correction is applied daily several paths at the same time for
the purpose to keep the number of available GCPs, and attitude correction is applied by each path in order to
allow the frexibility of attitude. Optimized orbital information and attitude angles are derived by least square
estimation.

The HRPT data is not available especially in the western region around upstream of the Yellow River,
because it is outside of the receivable range of University of Tokyo receiving station. Therefore, GAC is used
as base product and HRPT and LAC are overlaid if these are available, though the spatial resolution of GAC is
lower as 4 kilometers. The outline of the overlay is shown in figure 7.

4.2 Preliminary study using Pathfinder AVHRR Land Data Set
Change detection method was applied for Quingtongxia and Hetao irrigation districts as the feasibility study



by means of 8 kilometers resolution AVHRR data set, Pathfinder AVHRR Land data set. Annual maximum
NDVI (Ann_Max_NDVI) is derived by averaging of second to sixth maximum NDVI among the daily data for
one year. Time series of regional distribution of Ann_Max NDVI for both irrigation districts are shown in
figure 8. Ann_Max_NDVI has been increased gradually in both districts through 20 years. The trend is
slightly different, that is, widely distributed Ann_Max NDVI has been concentrated to higher value in
Quingtongxia districts, and lower Ann_Max NDVI has been totally increased in Hetao district. The reason of
these increase seems to be the increase of agricultural fields, however, the detail of the change is not interpreted
from 8 kilometer resolution data set.

Yellow River mouth  GAC HRPT, LAC Quingtongxia Hetao

Fig. 7. Overlay of HRPT, LAC (1 km) and GAC (4 km). Fig. 8. Time series of the distribution of the annual
maximum NDVT for two irrigation districts.

5. Detailed analysis using Landsat

The change of the Ann_Max_NDVT in irrigation districts has been analyzed in detail using higher resolution
data, 1 kilometer resolution AVHRR combined with Landsat. The method of analysis is shown in figure 9.
Ann_Max_NDVI over Quingtongxia districts in 1999 was derived from 1 kilometer daily AVHRR data
described in section 4. Land cover map was derived by simple decision tree classification using Landsat/ETM+
acquired on 12th Aug. 1999 when the status of the vegetation is most active. The data was downloaded from
GLCF, University of Maryland [12]. Since the spatial resolution of AVHRR and ETM+ is about 1 kilometer
and 28.5 meters respectively, 1 pixel of AVHRR corresponds to 32 by 25 pixels of ETM+. Therefore, fraction
of agricultural area (Frac_Agri_Area) in one AVHRR pixel is calculated from the land cover map of ETM+.
Finally Frac_Agri_Area is estimated from the Ann_Max NDVI.

Method

AVHRR

ETM+

Relation ;:f Aﬁ;Max_NDVI g 3
and agricultural area  Egtimation of agricul
area using AVHRR

2 scenes
classification

Fig. 9. Method of the analysis.

The decision tree classification method applied to ETM+ is shown in figure 10. NDVI, reflectance in band
5 and digital elevation model GTOPO30 [13] were used to categorize the pixel into the five types of land cover.
The classification result is shown in figure 11. As the assessment of the classification accuracy, only
agricultural field is compared to county based census value, that is, agricultural area in each county is extracted
using county mask (figure 12) and it is compared to the sowing area in 1999 recorded in the Statistical Yearbook
of Ningxia province. The result is shown in figure 13. The overestimated counties are located in midstream
of the district, and relatively underestimated counties are in downstream. Excess underestimated county is
Yanchi county, which is located outside of the irrigation districts.

Ann_Max_NDVI in Quingtongxia district is shown in figure 14. The relation of Ann_Max NDVI and
Frac_Agri_Area is shown in figure 15. The linear equation of [Frac_Agri Area = 2.54 * Ann_Max NDVI -
0.33] is derived from the least square regression. The Frac Agri Area estimated from AVHRR using this
equation is shown in figure 16. The mountainous area was masked by GTOPO30. Figure 17 shows the
county based comparison of agricultural area with ETM+ classification. This figure indicates that AVHRR



estimation is comparable to the ETM+ estimation in county base. This method is specialized to irrigation
districts in arid region where the contrast of the NDVI in agricultural area and background is high. The method
will be applied to the time series of AVHRR for detecting the seamless change of the land cover in irrigation
districts.
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6. Conclusions and future plans

The land cover monitoring on the Yellow River in China is in progress under the hydrological project.
Land cover map in 2000 was produced using 250 meter MODIS product and it is used as the base map of the
hydrological model. The time series of AVHRR for 20 years has been being produced from HRPT, LAC and
GAC with the spatial resolution of 1 km. Land cover change especially concerned with the agricultural field
will be detected using this data combined with Landsat.
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Table.1. the number of particle density percentage for
each aerosol model.
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Figure. 1. Log normal size distribution of WMO-WCP
continental aerosol model.
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Figure. 2. AOT horizontally distribution with particle radius.

B ;
RM=0.001 0.01 0.1 1.0 =00 02 04 06

Figure. 3. a) Ry-map the particle radius distribution on
December 13, 1998. b) AOT with Ry-map from TM ch.1
image. c) from ch.2 image.

& Xk

1) KAk, PEE, ERFS, A, PPN, 1999. (LA
ENDEBHINDIRIEZT O S WRFT A=K L
6S ~DIGH, THERFRE) T — e 78
it 7 —HKEFIAREES 4 5 "HET—FD
KEAIEDBLIR & FRE R, pp. 53-56.

2) EBAT, At 474, 2004. MODTRAN4 & 3 = L
—Ya BT — 7 /% M- Landsat 7 ETM+
Ef§T —# ORGKMIERB L QT 7 B YL EHE
SOEMNHE, FBAVE— bRV TES
5 36 [E] FHTHAIE R SCEE, pp. 59-60.

3) Asakuma, K., M. Minomura, S. Otsutsumi, H. Kuze

and N. Takeuchi, 2002. Estimation of aerosol optical
thickness over land in Chiba area from AVHRR data,

Advanced  Space  Research, Vol.29,  No.11,

pp.1747-1752.

4) FEE, REH, Adtt, 1P, 2005. LANDSAT-5/TM
T2 ERA L ZEREOKRSMEE =T 1/
IVormbhHE, RFHIBBISIEIE S B 12EY €
—her T T+ —F A, pp. 9-10.

5) Minomura M, Y. Todate, H. Kuze and N. Takeuchi,
2005. Retieval of aerosol optical properties over Chiba
land area from Landsat/TM imagery —Part [
Determination of spatial distribution of aerosol optical
thickness, Proceedings of The CEReS International
Symposium on Radiation Budget and Atmospheric
Parameters Studied by Satellite and Ground
Observation Data — Toward the Understanding of Long
Term Trend in Asia, pp. 58-64.



FREA P2004-3 :
BET—2 EMEEBRR Y FT—7 2k BHMITNK O & KT/ A =2 DRALE

BEBEZRZRAW-TERILIZEIT5
LERIT 70OV IILEEEEDER

— Landsat/TM E{& & FHL\ /-
I7OYVILHEBEDZERSHEY —

RRREKRF EMERFE
BR O A

1. AR E/

1.1 58

-BEVE—FEUIVUTICIENT., BRELGMEERZES ZHSI12E,
MERE-FEROKRKR (5F. FHEYE (ZT70YIL)) [TLKHFTEFE
YR BHELAH D (KKHWIE),

RE, UV OEREBELE, SERESREELENEATETEY., &<

[CEREREBTRABMER (B&) 2R3 7O0VIOHENEESR SN
TETW3,

- RKSHEZEIHEIICE, SFEESOEI7AYVILZHES (AOT)
EFDRERIRENE (ETIV) ZHEIDENH S,

- IF7OYVILIE, REDFELE L THEMIZEZHMICEEEFNHL
. 1D20FEEBF T D2IDIFAVILETILEEET HALEN
Hd., > RREEFRI &,

s bYI—RT—8 (T A=, o TYY) OWREITES
[CHREL -0, BEEBFOLEONS AOT EETILEMET Z2LEH



1. AR EH Y
12 CNETOHERFBHAED R

L1 BABRURZEELE-RKEERZE
> eSS GI@T?‘&%)J’"L‘%EJ‘;%E BARRERE
cSAA—T—F (ZFAVILRETOT7A4I) FRBAICLD. BEHE

8- KRIFHIE (%8B 2000 < Richter 1990)

EIH: BET—20H#HN5DA0T EH

= BEBREI—U3—5vFERE
(& 2000 <« Kawata 1999, Wang & Gordon 1994)

- ERENIEIC & BHE AOT DH#EE (EMR Kig 2001)
s KKDT 9 R F 27 (88 2001 — Christpher 1996)

B : KKOAHE SO
= cfEE R IIL—RTF—2FIBIZ LD T -map EREDIRE (K#, 1RRT 2002)
- SBTILAN FEITK D v-map DIERL (XRA JEO FAE 2004)
~HEANSDITOVIILAEFEEHDOBRE (SR 2004)

= I7AYVILREOZERSHEH (KR 2005)

2. fRHT 5 %

2.1 fRFTSENE (fetfsts 1998 & 12 § 13 B Landsats/TM &% )

(Z7OVLETILOER )

s FEIE, AYERSATREINEI7 A VIILHEITMORFFE
XS ETER,

(p-map(BETZLRETYT) QKR

- KEESER (BEEELTE CBAE < (AOT) DEVEDER )
#AW= (199941 8148),

(t-075 7DMER

- BSmEI—F (SEIE6S) ZANT, EETILITEICe (K
SHMEShMERSE) &« DERERD D,

(T7RYLEFLEIZ c-map e |
c RK[LHDORFE o* EBBTILAR o . DT ERHD (KR
EDHEE),

(c-map DEREKEME BT 5T 7 LOER )




2. BRI A IE
22T F7RAYVILETILIZDONT

MEHEESTEICAL SN D T 7 8 YILETIL (urban, continental(rural), maritime)
(k. BE. AMERSTCREIND, KIEIE WMO-WPC112 DHEMES (dust,
oceanic, water solube, soot) MBS 5,

table. Specification for the four basic components: the mean radius Ry , the
standard deviation ¢ ,number concentration dV/AV refractive index n+i n;.

dust water solube oceanic soot
Ry [ 0.50 . 5.00x10° 0.30 1.20%x1072
o 2.99 2.99 2.51 2.00
dNvAV [em™] | 5.47x10° 1.87x10°  2.76x102 1.81x108
n, at 550nm 1.53 1.53 1.38 1.75
n at550nm | 8.00x10°  6.00x10° 4.26x10°  4.40x10"

table. The number of particle density percentage for each aerosol model.
| dust water soluble oceanic soot

continental 2.27x10° R e 6.17x1072
maritime - 421x10* i
urban 1.65%x1077 -— 4.10%x10"

2. R AL
23T 7AYVILETILOERK

FEBRIOY T T B/ LN =M (chemical mass balance) & U B &
NEI7AYVILOREFEFKRER EATEOTENLEEDTHD EHMELDH S
(BEEFIL: KK 1999), Ff=., 2.2 D WMO EFILCIERER, HFEHETILEIC
KB HIF (water soluble) DFEMKE LY,

PE2mhn, ws. QRIFERMEERSENSA—FELTETILEERT 5,

_tox10’ . : . . : : .

i Dust Like

§ 1ox10°f P e Water Soluble
\; ./I ........... SOOt

% 1.0X lO5 F ’/’ e Continental i
E & ;

g 1ox10*f P ]
= J %

S 1,000, fo L

5§ fooSam

E  1000F / LY ]
e /

5 100f /

R j

1.0X10°1.0x10° 1.0x10* 0.001- 001 01 1.0 100 100.0
particle radius (um)



2. T A IE
24 TF7AYVILETILOA

_1ox10’

W Dust Like
10X 106 [ a) S wwwene Water Soluble 4 L b)
7 oy AR Soot

1.0X10°F 2 ++=-+ Continental

1ox10*t
1,000.0F
100.0F

10.0F

..............

particle number concentration (cm

=
7

~

)

=
X
=)

d)

(c
P
X
=)
=Y
(@)
p—

ion (cm-3

1ox10°f
Lox10*f
1,000.0F

100.0 ¢

o
o

particle number concentrat

Ru=0.1 ."‘».‘ ) ,;"1 RM=1}<Q

=

10X10°1.0X107 0001 001 01 1.0 100 1000 1.0X10°1.0x10% 0001 001 01 10 100 100.0
particle radius (pm) particle radius (pm)

2. R 7Tk

25 BBTIARERKT Yy FIZDINT

-o-map [&. KEMRZZITTLWEWLWRAT LA FOKES

s HSHU R Ry L—RIZEDCHLONREHE L THINERITEEE

C CDEHUTORETHEE GBI O FERDLDTILRN LTy TEERLTE

(1) RKEFEE
BREMICEAISN-FEEBGRD., Yo I+ MA—2 LG ETERMSINIZAOT N
EENEVELDEATESFERELTHA, LAV —DHFRIFWELE-DD
B, —HTNEHZRELTRKEHELE-BDEE,

QRYHEBNFAICKDID
FEEGOMEMEEXWEBENEL., PEINETIRFOSfZik L1z
L0, WENEDONEE LT, ZhETIZASTER spectral library (California
Institute of Technology) TREN BN S, 6 25E (#E 2001), 30 H4F (
FE 2003), 100 7248 (=BA 2004) L EZFALTET -,



z%ﬁﬁ%

6 ST ILR KTy IO

1999 %1 B 14 H Landsat/TM ch.1 Landsat/TM ch.2
( T ch1_0-1 14) ( % Ch2=0.099)

0=0.0 02 0.4 ‘ S I —
BE .
2003 £ 9 A 30 H Landsat7/ETM+ ch.1
30 MFT7ILR KT w7 (FAE 2003)

2. MR 7T

27 t-0. 75 7H KU t-map DIERL

*W.S. OMFHEERM EELSE. ERMBIZ T EETFCHALFUNR—CiMD
DNARSMESNIHMBRETILARAR 0. ZRD t -0 IS5 TEERET B,
10 VI T7ERAVBEBTILARmap TREND 0, EAL. 0e=0,28B-T ¢

ERD D

Rm=1.0
Ru = 1.0X 103 )
C = Crax
l Retrieve p and t using 6S code C=Cnin = - =
; —
R 0.40
|r550=r550+1.0>< 103I < —od
T T o — pg
<Iss0 > 1.0 [ o B E 0.30 c
i il T -p, table = ,
C=C+l S——— 9 B
P 2 0.20|—p;
< C >Cmax -~ E‘D 1~
i 3 0.10 J . . s N
IRM RM+ 10X 10 | 00 01 02 03 04 05
IS ' optical thickness t
" RM > | 0
é—




2. AT A&
28 T7HAYVILETILDRE

- HBTERICHL T, 0c=0 Zi=T 1 & Ry DBITERAIZSHEET D,
1 DOIFTAYVILETILIE, 1 2DKRIKEFEEEZTT,
2FY., 2DOLULEDRETEREKEEEZRBICHERTETILIE1 DRE D,

1.20 - ,Tee- il eebe A M . Rl Do i 120 -
e RM=0.001 St RM=0.05
1.15 et Rp=0.005 wonee R=0.1 1155
e Ru00] e R0 Ru=0:005
1.10 . Rv=1.0 1.10 ——

1.05

normalized extinction coefficient
normalized AOT on 550 nm
P
(4]

100 = s et 1.00 e RS
\ Ru=0.1 \
0.95 : 0.95
0.90 : ! . : : 0.90 . . - .
0.48 0.50 0.52 0.54 0.56 480 500 520 540 560
wave length 1 um wave length 2 nm
7;cal(RM) 2 ,L_cal(RM) 2
e RO=I—E2 - o (R |+ ol (Ry
TR TR
550 550

auta%.qu&&améfméaowéo

2. R AE
2.9 BT AER

Landsat/TM ch.1 Landsat/TM ch.2

Landsat/TM True Color & pEE{&

CEpPERRR T By < Dttt g
0% 10% 20% 30%  40%



3. HEMTHER

3.1 HifRR| © -map EBH#EER
26 OSE

SBTIARFTY T (1999 F 1 B 14 H) & 2.9 DEBTRIZE S (1998 &£
12138 )M o@FoN-HER c-map 77,

Rn=0.001, ch.1 Rm=0.01, ch.1

" Rm=0.001, ch.2 Rm=0.01, ch.2

3. FEMTIER
3.2 }i R #5E] Rm-map %R

* 31 DAER T-map HD, 2.8 DAEERANTEHH LTz Rm-map 77,

5 .
Ryy-map the horizontal distribution ~ t -map of TM ch.1 on 13 Dec., 1998 < -map of TM ch.2 on 13 Dec., 1998
of the particle radius on 13 Dec., 1998.

R,=0.001 0.01 0.1 1.0 ©=0.0 0.2 0.4 0.6



4. &
4.1 $55m

HMEEGOAHERNT, AOT ETT7AVILETILOREFRERE LT=
ﬁ%:%s u_lto):\ggﬁ%@ff:o

) T7OYVIHREZELIERZEIZEYSLKDETIVEERL.
B7ILAN REGEFEBEEND AOT KESTHEZEHL. AOT DRE
KEMERRET AREEAECEICEST, AOT LT 7AYILETILI
FERBICRETAFTILIYXLFRELT:

(2) FOHER., FERIOI7OVILOLZEE L, EHEIFEEMELN
INE L, AOT ARELMERA S - 1=

4.2 SR DERRE

(1) BEEEIFEEEELEZIT7OVIILETILAORIG
(2) 95ANEICEBBET LA ROBAL, T OHERE
3) HEtEEI— FOREL
— 4EIE6S ZAL VA, MODTRAN ©Z Do 13— KO



BWRT U TA L =L ANA T VFA—F BRI DB FTE T a /Lo
FRE & BRI

RRMERST - e T AUFlE. Bnskk

FHEREEHEICB O TIRIT R KKIERIZ L B RHEE TEo= 7 a VAN BRI E EbHiE
FHREBEERELTNDEEZIOND, AFETIE, B0V YHEAKAL R EDA N
Y IREDORRLT, BERFOZERT v 7 —BRING, BT v O NFERED
HMEBCT. EOREERETEE DI I~ I AL =Tz a—REEHAL,
TOWHBEEEDLIZEEZEMNE LTITR -7, LV TR (8 500-700m) 7> 6% FEELE.
HERE K OKEARIBAEERELND X ) ICAFRRUORHBROKELIT R -T2, BT
—#132004 E 11 A& Elextg e Lz, M1 ICHBET — % 0% FRESRES L2 =T, 8
BNE 18 KE2 D 23 BrDf], 2 FFIRREATV, FET —ZIZ oW T 21T o 72, HEMEX
1% 532nm T 0.24 725 0.65 £ TOEE & V| B X O XFHE ZILED 14%0 5 32%
FTCEE LTz, BRICHRELZRABIER LZEEN 2km £ TORKERBSLFEHES
DR\ EEHDTNDI ERNbMND, kOl Ta Loy HEIT 3 K355, 532,
1064nm) D % HE ELIRE & 2 R (355, 532nm) DIH BRI TH 5, intensive 22 e F B DI
fEIZEB 32 &, 855-532nm DA > 7 A b u— AR 1.14, T A ¥ —LHi% 355nm T
66.7sr,532nm T 69.2sr T, LIZ LIE 532nm DN T A X —Hnh K& < HAHEmH - 1=,
THITEEEDLPN TWAKEROEHE O 7 o U RF M L PR - TWA([1], T4
X = OBESMICHEBRFEIITRICR D /NS RDERARSH D LOOFELREMITR
b olz, REHEEIT/ NS DTz THRHEIT/NENHLDELTZDBL+2 )
F—Fty MI LT Miller i2k54 13—V g U aERALER]L, FORE., Myt
ELTHIRSAENERROERBITRE CEBELT VR R 25, ZOHB OF R
130.26-0.45 p m & HHEGRIR & < | BERETEOEIL 1.84-1.41, EEBIL 0-0.01 THER, %
AN ES S HBELT VAN R LITIEWZ 03035 72,2008 4 5-6 A DY 7 Zbkk 5B
DFEFTHER & LT 2 L ERBITROEROMEN/ NS S BBELT AR b REL, BA LK
R DEHTRKUITULA D 720 2 & AR S vz,

T TAT—DA NN — a3 VOFERIIM E LT B 2=, BRILDR B A
FOFA—E—BRIDOA L NR—=a oGO B EMREITR T, TORKE. A%
BIZBWTIHEERW—EZRT I B bhol, BEEITRIZOWTIEARAIA TIFA—F—
TIEHFFICRRBELENDRWEERE L, ERBITER, BBEL7 AN ROEEO—K, 744
—HBAEOFBRIZTNZIERL 2V, SBOBERANETH D, LVEELE UK
FENT M T2 25 & 5 BRIOMEE R OBHT O EE EiF 2 0ERH B,

BA%1T, 2005 4F 4 A RO KRBEEW A X MTBWTHL MR T A X —H DO EKEE,
HH #ALJE T 355nm IR DB FRELDBE LA, T4 X — OB EKGEMENH S M H
5 177 (Sss5(~58s1)>Ss32(42s1)), = DEIPIE TIIA v N~V a VEBERAT D EFEFICKRE 2
WU & BB+ 50T, HEMRZ LD TRFREIRROERBITROELOFE BERFMEE



TRRLTWDEEZOND, =, ANATIFA—F—nbBoN5 T4 & —HIdEHIE
F Y RIEIZ/h&E W,

6|1IIIIIIIIIIIIIIIIII

— 2004/11/9
----- 2004/11/10
g - - - 2004/11/16
: --=-- 2004/11/22
J — - - 2004/11/25
i —-- 2004/11/30

Height [km]
w

-

-

llll]lll]llllllllllllIIIIIIII

O I | G P | .I | O e | I | P | I 1230540 I | L |
0, 15 i vl 5 B oo Bl OX1073
Backscatter Coeff. @532 nm [km'1sr'1]

1.2004 4E 11 BICEE SN MME 7 a /L OSESF  (532nm TO% HFEEURE)

[1] I. Mattis et al., Multiyear aerosol observations with dual-wavelength Raman lidar in
the framework of EARLINET, J. Geophy. Res., 109, D13203,
doi:10.1029/2004JD004600, 2004.

[2] D. Miiller, U. Wandinger, and A. Ansmann, Microphysical particle parameters from
extinction and backscatter lidar data by inversion with regularization: theory, Appl
Opt., 38, 2346-2357, 1999.



BREITVITAT —ERNASVF A—2—IDHT=
FRBEIT7OVILO NSRS

#u FI== B3O ER! Detlef Miiller?
| HREEKE BRI

2 Leibniz Institute of Tropospheric Research, Leipzig, Germany

< [FZLBIC

e SAF—L AT L, BBIAE

< BITFE

< 2004511 BORBRPER . ANASTH A—F—LDLE
« 200554 B30B DEM DO HEEHE

«EEDHLRM

Q ;.E FIEKRHECEReSHEIF MR RES, Dec. 12,2005 @

[FL&HIZ

o MFET7 OV ILIEKEERU IR ST EOREL - IRIGATEEEL . K
HINF I AZREEERIFLTVNDEEZLONTIVD, Tz, BEOE
ERELTHRAL. BRRICRDIEHICTOMHLMIENICELS
B5BHIEMNHSTLVD,

« I7OVILORESHIETOFHOBRERICLEREZLET O
T. ERNGBEREE D ERNEICIoTEBSMNICHLIIENE
FhTULS,

c BRIGEBEDSI—HWEASIF —KYBELS BRIV /T —ITED
T.BESRLE-ERMNGI7ZOVILO NS, A5, 35KE (355,
532, 1064 nm) D# A ME R . 25 &K (355, 532 nm) DHEEFREK.
1RK(532nm) TOMARHE ., SHITKERBEALZRFICETLY
%,

SETIC. BB RUIAYTHERKEDARUREFICENTEORR
DHEBEERL TE-[Murayama et al. (2004) GRL).

o COTlE, FITEMBOBRMT—E05. SIUS/4—BRBT—42mn
5. BESRLE-EMERFMCLERS . LBORHITRNIFD
FA—B—LDHBETIEoT=,

RRBEERE-BRRIVVFAFT—VAT L

532, 1064nm A B VAV S
(35.664N, 139.796E)

4m-Dome  (jy_Raman
Lidar

\ |
Laser Beam

i3} A6 DX Bhvm?‘ {:
NS

. o
(Cross sectio: LR L DRAXDON RHRLD

ﬂibf:-%ﬁﬁ‘b@?‘fﬁ-ylv‘.ﬁxiﬂﬂi!ﬁ

Visible Raman + Polarization Lidar

UV Raman Lidar
Receiving Optics of R3 Receiving Optics of R4
I Lens ]
Filters 355nm
EMLs Dichroic Mirrors 4
R3236 R7400P-03 387nm(N,)
1064nm N
= R7400P-06
=
607nm(N,) 408nm(H,0)
R5600P-01  H7422P-40 R7400P-03

FAF—DELGHET

Laser: Nd:YAG Laser X 2 (532+1064 nm and 355 nm systems)
Wavelength(Pulse Power in operation): 355 nm(100 mJ), 532(100), 1064(200)
Pulse Repetition rate and width: 10 Hz, 10 ns
Beam Divergence: <0.2 mrad after X 5, X 4 expansion
Receivers
Schmidt-Cassegrain Telescopes: 20(R1), 25(R2), 30(R3), 35.5(R4) cm in dia.
Field of View: 3(R1), 1.5(R2), 2(R3), 1.5(R4) mrad in operation
Detectors: Photo-multipliers (Hamamatsu)
Channels: 532s(R1, R2), 532p(R1, R2), 532(R3), 607(R3), 1064(R3),
355(R4), 387(R4), 408(R5)
Raman ch. Trans. & Elastic Blocking factor: app. 60%, >10'2
Data Acquisition
Analog and Photon-counting for R2, R3, R4 (Licel TR20/40-160; AN 12 bits
& PC 250 MHz X 8)
Analog for R1 (LeCroy LT364; AN 8 bits X 1)
Range resolution: 7.5 m for Licel, 6 m for LeCroy
Usual time resolution (one record length): 5 min. (3,000 shots)
“Raman ch. measurements are capable in only night time in the current system.”

E -
RIEDHER
» UV-Raman: Biaxial to Coaxial — to obtain lower data with smaller FOV
(reduction of background light)
« Quasi synchronized triggering 2nd Nd:YAG laser from the 1st laser’s Q-SW
— Assure more coincident measurements
« More uniform illumination of collected light on to PMT— to obtain lower
data aerosol scattering ratio and w.v. mixing ratio more accurately
» Use of High Quantum Efficiency PMT for 607-nm ch.: H7422P-40 (GaAsP
photocathode) QE=37%@607nm (6 times higher than multi-alkali one)
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Sky-radiometer & SunéEﬁS%gmeter i R WAty

Left: » We have operated the lidar system as frequent as possible if all the
Sky-radiometer (Prede POM-01) conditions are allowed.

© =400, 500, 670, 870, 1040nm « To compare with the aerosol optical properties sensed by Sun and
w(A), dV/dlnr, P(0), o(A), m*(A) sky photometers, we run the system after sunset for 2-3 hours to

obtain the adequate S/N for Raman channels, i.e., the local time

can be retrieved with
between 7 to 11 PM.

d.pack (ver.4) code.
skyra“ pack(yerd)cods : « It is also good to coincide with the routine radiosonde observation
Nakajima, et al., Appl. Optics, 5 :
1996 done at 9 PM. We use the Tateno’s aerological data.

o In average, we have performed such Raman measurement once or
twice per week.
» To reduce the statistical noise, we used summed signals of the

SKYNET: http://skyrad.edu.toyama-
u.ac.jp/~kazuma/skyrad/

Right: ; : TAGE ;
b: f h

Grating Sun-photometer (Prede, PGS-100) ghzrelg::itlon as far as the atmospheric condition is not seriously

}‘;35 0-1050nm « We also reduced the height resolution to 120 m for the analyses.

7t

% WEITVVIY-BIun = 33— Results in November 2004

In the following figures, we use the following notations:

» A code that uses inversion with regularization to derive the « Upper Left: Backscatter coefficient at 355(purple), 532(green), 1064(red)
microphysical particle properties from lidar observations at nm and Backscatter-related Angstrom exponent (BAE, open square)
several wavelengths has been developed by Miiller et al. at IfT in between 355 and 532 nm are indicated.

Leipzig, Germany [e.g., D. Miller et al. (2005) JGR]. « Upper Right: Extinction coefficients at 355 and 532 nm, and Angstrom

exponents (AE, open triangle) derived from 355 and 532 nm extinction
coefficients. The AE derived from the optical depths of 400 and 500 nm
obtained by the skyradiometer in the later afternoon as possible is

« No wavelength dependence of refractive index is assumed.
« To obtain the stable solution, we need at least 3-backscatter ()

and 2-extinction (ct) data. s indicated by the vertical red dashed line.
« Now ‘h‘? current versions of the inversion code can be run on « Bottom Left: Lidar ratios (extinction-to-backscatter ratios) at 355 and 532
conventional Windows PC. nm. The values at 400 and 500 nm obtained from the skyradiometer are
«» Here we preliminary applied the code mainly for our 3p + 2o indicated by vertical dashed lines.
datasets obtained in 6 days in November 2004. « Bottom Right: Effective radius and single scattering albedo (SSA) at 532
« Note: Raw data of total depolarization ratio (without offset nm derived from the inversion code for some selected height ranges. The
correction) are less than 8 % in these days. Thus the assumption corresponding column-mean values obtained from the skyradiometer are
of Mie theory used in the inversion is adequate. also indicated by vertical dashed lines.

Nov. 9, 2042-2243]ST, 2004 Nov. 10, 1833-2120JST, 2004

Skyradiometer: 1423JST Skyradiometer: 1450JST

AE

40 0
Lidar Rato (s1)




Nov. 16, 1906-2102JST, 2004

Skyradiometer: 1517JST
AE

25 25
vud

10x10° 08
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Nov. 22, 1836-2043JST, 2004
Skyradiometer: 1512JST

25 o 05 10
* T T

4 e
Lidar Ratio (sr)

Height [km]

25 Nov. Data Include Transitional State of
Aerosol to Cloud (hygroscopic growth)

25 Nov. 2004 25 Nov. 2004

Height [km]

20 21

Local Time [JST] Ra\::;)z;:? R2) Local Time [JST]
- E
o 10 20 30 40 0 2 4 6

Normalized Backscatter [a.u.] Total Depolarization Ratio [%]

Nov. 25, 1932-2133JST, 2004
Skyradiometer: 1510JST

25

T

L

Nov. 30, 1813-2024JST, 2004
Skyradiometer: 1508JST

Table of Particle Parameters derived from Inversion of
Optical Data

25 o 0s 10 15 20 2§ Date Height, km T hm | gt pum m, m, SSA SSA®
3 : I- ‘ : E 03/521(s) | 3.195+0.18 | 025%009 | 027 1522007 | 0.004%0005 | 095%0.08 095
s @ : 03/6/6(s) | 1935048 | 020+007 | 023 1.5540.10 | 0.0080.008 | 0890.12 091
E 'E H ¥ 03/6/6s) | 2715+042 | 021008 | 023 151£0.12 | 0.0062:0.008 | 0920.11 091
E 3 : E 04/119 | 0915£030 | 027£006 | 035 139:£008 | 0.002£0.006 | 0.962:0.09 091
E 2 A E 04/119 | 2055+084 | 029%006 | 035 1412012 | 0.005£0011 | 0942009 091
E ' ; 3 O4/11/10 | 1035042 | 04sx0.11 | 051 138006 | 0.008£0.010 | 085£0.11 099
o D TR R R O4/11/10 | 1755+042 | 038%007 | 051 1372006 | 0.003£0009 | 0.9620.10 099
toxt0” LRt e 04/11/16 | 0975024 | 026+005 | 030 135004 | 0.001£0.002 | 099£0.03 094
04/11/16 | 1575£036 | 0262005 | 030 1372005 | 0.001%0004 | 099:0.04 094
[P —— & prrrr e 04/11/22 | 1.155+042- | 028005 | 027 1372006 | 0.00120.004 | 099:0.06 092
sE 3 sE E 04/1122 | 18152036 | 027004 | 027 136004 | 00000002 | 1002002 092
_aE E iE £ 04/1125 | 0975+024 | 028005 | 031 136005 | 0.0010.004 | 099005 097
& S H 3 F : 3 04/1125 | 1335+0.12 | 033003 | 031 135003 | 0.000+0.001 | 09001 097
§ i ] 04/1125 | 2295%036 | 032007 | 031 1372006 | 0.003£0.007 | 0.9530.09 0.97
’F - i §>—¥~ —— 3 04/1130 | 09152018 | 0322003 | 029 134002 0=0 1.002:0.00 1.00
i3 : E i3 el 3 041130 | 1635£0.18 | 0352005 | 029 1352003 | 0.003£0003 | 0.862:0.04 1.00
1 I Ladal 1 1 L 1 - 1 1 1 1
o A M 0 O s o G o Note: (s) is smoke data; r,*, SSA* are derived from skyradiometer.




Scatter Diagram Summary of Features of Optical Data and
Effective Radius Single Scattering Albedo Particle Propertles in November 2004
RafCRaman) ve Rai(ako) SSARaman) ve SSALsky) o Calculated AOD at 532nm ranges from 0.24 (Nov.16)-0.65
o8 ; T T T 100 = : . 5 (N0V4 1 0)
a0 R « Mean Angstrom exponent between 355 and 532nm ranges from
< o 0.9 to 1.4 and the average was 1.14.
g Sk 3 o Mean lidar ratio in the troposphere was 66.7 and 69.2 sr for 355
55 ol and 532 nm, respectively.
fo: ; « Trends of the AOD, AE, effective radius and SSA roughly agree
i P e R with the results from the skyradiometer (especially, AE and r,g).
s i « However, the lidar ratios were not well reproduced by the
T T S R e, L o ROy T PR R skyradiometer’s inversion.
Seffurur) [mieren) S o Retrieved particle physical parameters shows the relatively large
I n(r)rdr effective radius and refractive indices close to water-vapor value
Iy = (m*=1.33-0i); m,,, ranges from 1.34 to 1.41. Note: In case of
i n(ryrdr smoke events, we found m_, is about 1.5.
Aug. 18, 2007-2203JST, 2005 Images from Satellites
Skyradiometer: 1508JST dilerrazhpr28, 200810310 UTC Split window image from IR channels
BN Lo AU s A€ - of GOES-9: Apr. 30, 2005 14UTC=23JST
! % N : ! http://weather.is.kochi-u.ac.jp/sat/gms.fe-sp/
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Observation of A Heavy Asian Dust Event on
April 30, 2005
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Period#1: April 30, 1905-2342JST, 2005
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Period #2: April 30, 2342-May 1, 0405JST, 2005
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2005/4/30/ TUMSAT: « We have performed the multi-wavelength Mie-Raman Lidar
17 00€+00 observation in routine base with moderate effort (2-3hrs after sunset).
« We analyzed the optical data in a uniform manner and applied the
i . inversion code mainly for the data obtained in November 2004.
« We found that the the lidar ratio at 532 nm was often higher than that of
pad 355 nm.=> Size effect is dominant?

« Inversed microphysical particle properties indicate that aerosol is close
to water-soluble one. — Might it be caused by uptake of the ambient
water vapor in the night time ? Due to the local condition (near the
Tokyo Bay), i.e., Maritime + Pollution aerosol?

« We have confirmed that hygroscopically growing aerosol region shows
a large r.yand refractive index approaches to water value (m.=1.33,
m=0) by the inversion code.

« We have obtained a reasonable agreement with the skyradiometer
analyses on the effective radius.

« Distinct feature of the optical properties (spectral dependence) was
observe for a heavy Asian dust event.

« Further systematic study should be done.
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2. Lidar equation for bistatic measurement

P=R K% dsB0.)TT
v

B(escat): ax’i fa(escat)+am fm(escat)

r 0 rov

r - YV
sim (6 scat )
P Received power [W]
Py Emitted laser power [W] 4
K Efficiency of the receiving optics ‘5.’,.
A Area of telescope’s mirror [m?] %.
: o X
r Distance between the target and the telescope [m] N 2 KQ_
ds Portion of the laser beam path subtended by the  FOV /"c( "
for a single pixel of the image sensor [m] o NY g
B Side scattering coefficient [n1'sr'] 8
o Extinction coefficient [m™] -
0 pov FOV for a single pixel [deg) %ew
0 s Scattering angle [deg] w;&“ &
f Phase function Laser o FsD viwe Telescope
7 Transmittance N 7
Suffix “a’: aerosol, "m’: aerosol i L i
3. Coupled equations
Signal & laser @ site 1 p =pWg® 4, d 72
DIgT asel i & n = 4o 2 r B ()T, "
r] escm
Signal & laser @ site 2 P, =pPPK® ﬁd B(7)T. d
DR & HASKEY (8 SHC » =1 ) r, T 2 1 2
)
(1)
L o 2 A 16
Signal @ site 1 (laser @ site 2) B, = Po( KO —;—dslﬂ(gscat YT, ds; = %
”‘l Sln scat
(2)
- . - W@ 4 1,0
Signal @ site 2 (laser @ site 1)~ Py, = P,V K®) —2 ds , (0 )T, ds, = 27V
r2 sin gscat

4. Solution of the coupled equations

0, = B(m)T’

O, = :B(”)Tz2
0, =0, =B, )T,

A m): backscattering coefficient

B(m) _ (Qanz )1/2
B(escat) QIZ

-

T2=&
2

H

oY

7112

... General solution for non-homogeneous atmosphere



5. Inversion algorithm

Two-dimensional distribution of the extinction coefficient is derived based on the iterative

algorithm shown below: :
i Pr;-hs
_>/ 2D transmittance” / o, known
| (i1
5 r e a7 assumed
.00p P

8 0 e \| —
g 3 (i, j+1) (v j+1)
5 r Loop2 ﬁ P ke b e Ty
Z (SRR pLD p D <
: I 7 s
2
E
£ i
z
5t k Loop2 )
8 T
k=
-‘é’ k Loopl )
&

9,

ves
[ End I

* Transmittance is assumed to be unity in the first calculation.

6. Simulation experiment

Preliminary experiment was conducted simulating the
bistatic configuration with Ashra telescope.

Laser

Type Nd:YAG 532 nm

Repetition rate 10 Hz

Power 30mJ

Laser Cooled CCD
R OO A 0 Number of pixels 765 X 510 %= 0.4 Mpixels
| > | FOV 46 deg for 765 pixels
41.3m QE. 0.65 w 532 nm
A/D converter 16 bit
7. Result of inversion
Haceived signal ntensity Extinction costficiant Transmittance 351 nm
- : - B Rty

?5‘ EKEG

0 30 60 90 120 150 180
Scattering angle (deg)
Phase function calculated from the OPC
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Distribution of the received signal intensity , that of extinction coefficient and that of transmittance.
Extinction coefficient and transmittance are derived based on the algorithm described in Sec. 5.
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Abstract

A data set for 3D presentation of the LANDSAT image for any part of Japan and its viewer are provided by the
SiPSE homepage via the Internet. The digital elevation model data covering Japan with 50 m resolution are
embedded in the data set. In addition to the on-line system described in Japanese for the domestic use, off-line
systems are developed with larger file size and other functions for research and international uses. The 3D images

are compared with aerial and ground photographs especially with near-infrared mode.

1. Introduction

In order to drive a satellite 3D image in real time movement as a flight simulator in a personal computer, the SiPSE
system has been developed [1-3], where SiPSE is an abbreviation of the Satellite image Presentation System for
Education. The SiPSE homepage in Japanese started in September 2000 covering Kyushu, Okinawa and Izu Islands,
and extended to cover Japan in 2001, with the address

htip://sipse.edu.kagoshima-u.ac.jp/sipse/ . W LANDSAT

SiPSE off-line systems have been also developed for research

purposes so as to include new functions: Some of them are covering
submarine topography, embedding the volcanic eruption cloud, JAXA/EOS
simulation of the sea level rise and so on [2]. For the international #
. . . RESTEC GSI

use, the CD packages of the viewer in English and some data have
been tested in China, The Philippines, Australia, U.S.A., and Italy. lﬁ%_ﬁgﬁ? lD(gDMRga}:a
The satellite image for 3D presentation may be selected from true or /
natural color, and single band modes. Especially, monochromatic Gonversion into SiPSE data
view of TM band-4 is very useful to recognize water and land areas, g{] ¢

. . W WWW Server
to see the vegetation coverage and mountainous topography, and to "8 SiPSE data, Applications
compare with aerial and ground photographs with near-infrared M yiewer  data base

(NIR) mode. Internet

[ -
2. The SiPSE system \ User
The data set, called the SiPSE data, is composed of digital Fig. 1.

elevation model (DEM) data and the satellite data of the land  The construction of the SiPSE system.



coverage, as shown in Fig. 1. The land coverage data is obtained from the LANDSAT TM 1-4 data with the pixel
size 28.5 m by reducing the brightness from 8 bits into 4 bits. The reduction of the TM data and the discard of the
bands 5-7 are done so as to reduce the file size for the Internet use. The land coverage is expressed by the true-color
mode with TM 1, 2 and 3, or by the natural-color mode with TM 1, 2+4 and 3 corresponding to B, G and R,
respectively. TM 4 is also utilized for the gray scale presentation of the NIR image. This form of the land-cover
data in pre-processed form for the web use started in 1996 as the SiNG data covering Kagoshima area in southern
Japan [4], where TM 6 was maintained converting into the temperature scale.

Geographical Survey Institute (GSI) provides the DEM data with the spatial resolution 50 m covering Japan in
CD-ROMs. In the SiPSE data, the DEM information is converted to fit with the land-cover data with higher spatial
resolution by linear interpolation.

The SiPSE data can be handled by means of the SiPSE viewer, which is also provided via the Internet. The 3D
presentation in a Windows computer with a selected land-cover image of a scene can be done in still or motion
modes, specifying ways and the speed of the motion. The vertical/horizontal ratio of scales in a 3D image can be
adjusted, as well as the overall scale. The standard size of a scene is 512 pixels with 512 lines corresponding to 15
km squared, while it is 1024 * 1024 corresponding to 30 km squared for specially registered users. Wider areas up
to six times in length can be obtained by lowering the spatial resolution. The viewer has other functions such as free

drawing on the land-cover image, measuring a distance between specified points and the size of a specified area.

3. Volcanic topography and land coverage .

There are a lot of beautiful volcanic sceneries in Japan, which are nice subjects of the SiIPSE imagery [2, 3]. Let us
visit Unzen volcano located in the center of Shimabara peninsula in western Kyushu, Japan, as shown in Fig. 2. The
volcano started eruption in November 1990, and a lava dome developed at the Fugen-dake summit accompanied
with pyroclastic flows endangering lives of the inhabitants during 1991-1995. We see the lack of vegetation on the
dome and the passages of the flows very clearly both in the true color and NIR images. We may see the topographic
structure of the volcanic complex, including old volcano Mayu-yama on the east side of the main peak, by changing
the viewing direction. Thus, the SiPSE system may be utilized for the prevention of the volcanic disasters with

respect to the improvement of the understanding of the topographic situation.

Fig. 2. Unzen volcano observed from south-eastern sky in true-color and NIR images (a and b), from the south in

true-color image (c), and from the east near the horizon in NIR image (d), respectively. LANDSAT: 1998.10.4.



4. NIR images of SiPSE-3D and aerial photographs
In a NIR image of rather flat scene
in daytime, we may distinguish
vegetated area, bare land and water
areas as light gray, dark gray and
almost black, respectively, such as
shown in Fig. 3, which is a
SiPSE-3D NIR image of three big
rivers in the west of Nagoya city
pouring into Ise Bay, seen from
eastern sky. In this image, urban
areas of Nagoya, Ogaki and other
cities are relatively dark. In the areas

of Suzuka and Ibuki mountains with

rich vegetation in the upper part of Fig. 3. A SiPSE-3D NIR image of three big rivers, Ibi-, Nagara- and
the figure, mountainous Kiso-gawa, from top to down pouring into Ise Bay, seen from eastern

topographies can be observed by the gy Original LANDSAT data: 1997.10.21.

shadows of the sunshine. The old
battlefield Sekigahara can be found
in between the two mountainous
areas.

Fig. 4 is an aerial NIR photograph
toward the north from above Ise Bay.

We may clearly see the three big

Q& n

rivers, and the difference of the o
Fig. 4. An aerial NIR photograph toward the north from above the

center of Ise Bay, by the night-shot mode of Sony DSC-V3 with IR84
filter of Fuji-film on 4 Nov. 2005 at 12:17. Shin-Nagoya airport is seen

vegetation in urban and rural areas.
In such a slant view near the horizon,
we may see very wide NIR view
comparable to a full scene of G davi night
LANDSAT data, while conventional visible image is usually very much obscured by aerosol and moisture. See [5]

for more about NIR photographs.

In Fig. 5, we compare southern part of Kyoto basin in true-color and NIR images by SiPSE-3D observed from
southern sky (a and b), and a mosaic of NIR photos from northern sky (c). In two SiPSE-3D images (a and b), plains
and mountainous areas exhibit opposite brightness in true-color and NIR owing to the difference in vegetation, while
the rivers are clearly seen in both images as relatively dark lines. Three big rivers, Kazura-gawa from the north,
Uji-gawa from the east and Kizu-gawa from the south, join together into Yodo-gawa that flows down toward

south-west into Osaka Bay through the Osaka plains. Kamogawa, joining Kazura-gawa, is also seen clearly in Fig. 5a.



(c) A mosaic of NIR photographs by the
night-shot mode of Sony DCR-TRV30
with Fuji-film IR84 and Kenko ND400.

Fig. 5.
Southern part of Kyoto basin observed from
the southern sky (a, b), and northern sky (c).

2008.5.29.17:20.14-23 NIR
A5 RH RRH- RN

The NIR photograph (c) is very similar to the satellite-based image (b), except for the directions of the observation
and the sunlight. In Fig. 5c, we may see big bridges crossing the rivers, and also the shadow of the clouds in the
downside of the picture.

It is interesting to note that we may find big battlefields decisive to Japanese history in Fig. 5: On 13 June 1582,
Mizuhide Akechi was defeated by Hideyoshi Hashiba at the decisive Yamasaki battle around the upstream of
Yodo-gawa, and Hideyoshi turned out to be the governor of Japan. On 3 January 1868, the battle of Toba-Fushmi
started around the down streams of Kazura-gawa and Uji-gawa, and ended after three days resulting the collapse of
the Tokugawa regime. Topographical importance of these areas to become historical scenes may well be understood

by the satellite 3D images.

5. Estimate and simulation of volcanic eruption cloud heights

The height determination of volcanic eruption cloud is very important for the dispersion forecasts of ash clouds so
as to avoid the airline hazards. In order to improve the pilot reports of the cloud height observed, two methods have
been developed as off-line systems. One of them is to estimate the cloud height of an aerial photograph by the
simulation of the land topography with a height scale [6], and the other one is to embed a model of eruption cloud
as a 3D object in a SiPSE 3D image, such as shown in Fig. 6. By changing the cloud height, the wind direction and

the viewpoint in the latter case, we may simulate various situations for the training.
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Fig. 6. A model of eruption cloud as a 3D object embedded in a SiPSE 3D image of Sakurajima volcano.

The box of parameter control buttons is shown on the left hand side.

6. Unification of land and submarine topographies

Marine Information Research Center provides the submarine topography data around Japan in a CD-ROM with the
resolution 1 km. In order to join with the land topography and land-cover data with much higher spatial resolution,
special care is necessary for the handling of the coastal lines. Instead of the sea surface data or some coverage data
of the sea bottom, it may be reasonable to use the sea depth data with a graduation scale. Fig. 7 is a scene of Amami,

Tokara and Kumage Islands up to the southern Kyushu observed from southern sky, thus constructed.

Fig. 6. From Amami Islands to southern Kyushu, Japan, observed from southern sky. Relatively big islands
from the top to the down are Tanegashima, Yaku-shima, Amami-Oshima, Tokunoshima, Okinoerubu-jima and
Yoron-jima. This SiPSE-3D image is composed of the true-color image for the land and the sea depth
graduation image, with the DEM information. Equi-depth lines are also drawn on the sea. Horizontal scale is

enhanced by the facter 5.
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In Fig. 6, we may see a part of very deep Nankai Trough on the right-hand side as very dark blue area. This 3D
presentation with submarine topography is developed as an off-line system with special handling of the data.
In general, we may try new approaches in off-line systems, while we should keep the constancy of the format in the

on-line system open to public through the Internet.

7. Concluding remarks

In order to construct a land image database of a satellite for the 3D presentation, a large archive of the original data
is necessary so as to obtain cloudless scenes. To avoid the snow-cover in northern areas is also an important
requirement for the scenes. The SiPSE database is thus constructed during 1996-2001, by selecting relatively new
scenes if available.

In order to unify neighboring LANDSAT scenes to get wide images, it is better to use the original data with similar
seasons and years. However, this requirement is not always easy to fulfill, because of the clouds and/or snow-cover.

Handling of very wide scenes is investigated as an off-line activity of the SiPSE group.
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Abstract

The eruptive activity of Miyakejima volcano started on 8 July 2000, and the ejection of enormous amounts of
sulphur dioxide (SO,) has been continued since August 2000. The Tokyo Metropolitan Government started
monitoring volcanic gas concentrations at the foot of the volcano from the end of 2000. We studied the seasonal and
regional characteristics of high concentrations of SO, using the data. In order to estimate the volcanic gas hazards for
the whole Miyakejima, a hazard mapping method using the Normalized Difference Vegetation Index (NDVI) images

is proposed.

1. Introduction

Volcanic gases and aerosols released into the atmosphere have adverse impact on air quality, vegetation, animals,
and human health. Miyakejima volcano, about 170 km south of Tokyo (Fig. 1), has been ejecting enormous amounts
of sulphur dioxide (SO,) from the summit (775 m a.s.1.) since mid-August 2000.

The Tokyo Metropolitan Government stated the monitoring of volcanic gas concentrations from the end of 2000
at three gas-monitoring stations at the foot of the volcano, and expanded into fourteen stations as of April 2004 (Fig. 2
and Table 1). We have been analyzing the SO, concentrations to investigate the mechanism of high concentration
occurring at the volcano. The following results were obtained from our previous studies (Iino et al., 2003, 2004a, b).
(i) High SO, concentrations at the ground surface on Miyakejima are mainly caused by downdraft owing to strong
wind. (ii) The seasonal and regional characteristics of high SO, concentrations correspond well to the 925 hPa wind
observed at Hachijyojima, the nearest upper air observatory from Miyakejima (Fig. 1). (iii) There is notable difference
of environment of SO, concentrations owing to a slight directional difference from the crater. This should be
considered in making a volcanic gas hazard map at the volcano. (iv) The frequency distribution of high SO,
concentration events corresponds well to the distribution of vegetation shown in an image of Terra/ASTER.

In this study, we propose a method to estimate the volcanic :
138E 141E
T

gas hazards for the whole Miyakejima using satellite imagery which
shows the distribution of vegetation before and after the 2000 36N
Miyakejima eruption. The resultant hazard map is examined by
comparing with the occurrence frequency of high SO,
concentrations at each gas-monitoring station and with the ground

observations by visible (VIS) or near-infrared (NIR) cameras.
Here, the NIR photographs are obtained based on our previous r
studies (e. g., Kinoshita et al, 2003). * oMiyakejima_

In addition, we briefly discuss the long-term trend and the °

34N

seasonal and regional characteristics of the occurrence frequency
of high SO, concentrations, defined above 0.1 ppm and 10 ppm,

DA
using SO, concentration data during January 2001 - September 2005 ! Hachi jyojima

Fig. 1 Location of Miyakejima volcano.
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Table 1 Gas-monitoring stations

Symbol | Station name | Abbreviation Otgf;gf;;g;:; <

Al Branch Office BO 12/2000

D1 Mimoi MM 04/2004

B1 Ainohama AH 09/2001

Cl Miike MI 03/2002

C2 Yakuba YK 05/2002

A2 Airport AP 12/2000

D2 Mitake-Jinjya MJ 04/2004

C3 Tsubota TS 03/2002

B2 Akacocco AC 09/2001

C4 Usugi-Namakon UN 03/2002

D3 Usugi-Bus Stop UB 04/2004

! ) ) oars A3 Ako AK 12/2000
Fig. 2 Locations of volcanic gas-monitoring

stations on Miyakejima as of April 2004 (M), the | D4 Furusato FU 04/2004

summit vent (A ), and the district names. B3 Igaya IG 09/2001

2. Sulphur dioxide concentrations at Miyakejima

Figure 3 shows occurrence frequency of high SO, concentrations of all gas-monitoring stations since January
2001. The environmental standard of SO, concentration, which was prescribed by the Ministry of Environment in
Japan, is less than 0.1 ppm for one-hour averaged value. However, much higher concentrations, several ppm, were
often recorded at Miyakejima. Thus, we defined here the two standards of high concentration levels of SO, as 0.1 and
1 ppm. In each figure, solid and dotted lines indicate the high concentrations frequencies of 0.1 and 1 ppm,
respectively.

The occurrence frequency of high SO, concentrations is not in the obvious decreasing trend though five years
have passed since the Miyakejima 2000 eruption. The seasonal and regional characteristics of high concentrations
derived from a ten stations analysis (Iino et al., 2004b) are essentially the same as the results including four stations,
which were added from April 2004. These are summarized as follows. (i) The stations located between east and
east-southeast directions from the vent, C1, C2 and A2, observe very high rate in winter. (ii) At east-northeast station,
B1, the rate of high concentrations is high not only in winter but also in summer. (iii) At southwest stations, C4 and
D3, the rates of high concentrations are relatively high throughout a year. (iv) At north and southeast stations, Al and
C3, respectively, the high concentrations rates are not high.

Here, we focus on the four stations added in April 2004, D1-D4. The Mimoi station, D1, located at northeast
is interesting, because there had been no continual gas-monitoring station though southwesterly wind is dominant in
spring and summer. As expected from the wind, the rate of high concentrations defined as 0.1 ppm at the station is
high in spring and summer, while low in autumn and winter (Fig. 3b). Whereas the rate of high concentrations
defined as 1 ppm, the rate of high concentrations is low though in spring and summer. It may depend on the
characteristics of wind of which the rate of strong wind in summer is lower than that in winter. For the Mitake-Jinjya
station, D2 (Fig.3g), located at southeast, the characteristics of high concentrations is similar to the Airport station,
A2 (Fig. 3f), but the rate is obviously lower, about one third. The characteristics of the Usugi-Bus Stop station, D3
(Fig.3k), located at southwest and near the Usugi-Namakon station, C4 (Fig. 3j) is similar to the tendency and
frequency levels of the C4 station. For the Furusato station, D4 (Fig. 3m), located at west-southwest near the Ako
station, A3 (Fig. 31), the tendency of high concentrations is similar to the A3 station but the levels are about one half.
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Fig. 3 The occurrence frequency of high SO, concentrations during January 2001 - September 2005.
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3. Hazard mapping for high sulphur dioxide concentrations

In order to estimate the volcanic gas hazards for the whole Miyakejima, we propose a new hazard mapping
method using the Normalized Difference Vegetation Index (NDVI) images. This method is based on a hypothesis that
the distribution of vegetation at Miyakejima volcano well reflects the influence of volcanic gases. The satellite data
used are as follows. Before the 2000 Miyakejima eruption is JERS-1/OPS on 3 April 1994, while after the eruption is
Terra/ASTER on 7 April 2003. We selected the same season data to eliminate the effect of seasonal change in
vegetation.

First, the JERS-1/OPS was corrected geometrically to fit to Terra/ASTER data, by taking eight GCP-points.
Second, the NDVI is calculated as the difference between the near-infrared and visible reflectances divided by the
sum of the two. The NDVI images of JERS-1/OPS (OPS-NDVI) and Terra/ASTER (ASTER-NDVI) are shown in
Figs. 4a and b, respectively. As shown in Fig. 4a, Miyakejima had been covered with vegetation except for the lava or
artificial areas. After the 2000 Miyakejima eruption shown in Fig. 4b, the east and southwest regions are shown as
dark-colour areas, that is the area with low NDVI values. Therefore, it can be considered that vegetation there was
damaged by volcanic gases. The difference between OPS-NDVI and ASTER-NDVI was calculated to visualize the
relative change in vegetation, and classified into four steps of hazards by referring with one-year averaged value of
SO, concentrations at each station (Table 2), during May 2002 - April 2003. Finally, originally less vegetation areas,
such as open water, the lava, artificial areas, were masked by using near-infrared image of JERS-1/OPS though the
mask is not enough, e.g., for the areas of airport or crater. The resultant volcanic gas hazard map is shown in Fig. 4c.
The color image of Fig. 4c is shown at our web site (in Japanese). http://ese.mech.kagoshima-u.ac.jp/miyake/.

Fig. 4 NDVI images. (a) JERS-1/OPS on 3 Apr. 1994, (b) Terra/ASTER on 7 Apr. 2003. (¢) Volcanic gas hazard map.

Table 2 The one-year averaged SO, concentrations

during May 2002- April 2003. 2002 5-2003 4| W>fppn [0 I-fpom  £1<0. Ippm |
Gas-monitoring | SO, concentrations 100%

station [ppb/year] 90% +
Branch Office 11 jg:

Ainohama 143 60% F

Miike 279 igﬁ:

Yakuba 280 305 | L

Airport 166 20% f o R e e —

Tsubota 17 ‘g: £ d._ el e B T
Akacocco 29 B0 AN NI YK R S A N AR e
Usugi-Namakon 120 Fig.5 The rate of SO, concentration levels during May 2002 -
Ako 46 April 2003.

Igaya 40
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In Fig. 4c, the difference of NDVI values becomes large with the decrease of the vegetation, that is, the gas
hazard level is evaluated to be high. Figure 5 shows the rate of SO, concentration levels at each station during May
2002 - April 2003. At the foot of the volcano, the gas hazard levels, e.g., the highest level is seen in east and
followings is in southwest, correspond well to the environment of SO, concentrations shown in Fig. 5. It is also found

that the hazard level becomes higher at the mountainside near the crater.

4. Ground observations

Figure 6 shows ground observations in May 2005 from the coastal loop-line road around Miyakejima and from a
ship with visible (VIS) and near-infrared (NIR) cameras. Vegetation is shown as dark in VIS images (Figs. 6a-c), and
as white in NIR images (Figs. 6d-f). In the high volcanic gas concentration districts, Tsubota in the east (Fig. 6a) and
Ako in the southwest (Fig. 6b), many wilted trees were observed at the foot of the volcano. In contrast, vegetation in
other districts (e.g., Figs. 6d-f) was almost normal at the foot of the volcano, except for some wilted Japanese cedar.
We confirmed that the volcanic gas hazard map (Fig. 4c) is consistent with ground observations of Miyakejima island.

The observation results containing animation files are displayed at our web site mentioned above.

L3

&

(IS)

(e) Ako-Sabigahama (NIR) (f) Igaya-Izu (NIR)
Fig.6 Ground observations from the coastal loop-line road around Miyakejima, (a)-(d) and from a ship, (e)-(f).
Figs 6(a)-(c) are visible photographs. Figs. 6(d)-(f) are near-infrared photographs by SONY DCR-TRV30
with night-shot mode and Fujifilm IR84 and Kenko ND400. The district names are shown in Fig.2.
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5. Concluding remarks

In order to estimate the volcanic gas hazards for the Miyakejima island as a whole, a hazard mapping method
using the Normalized Difference Vegetation Index (NDVI) images was proposed. The resultant hazard map was
consistent with the occurrence frequency of high SO, concentrations at ten gas-monitoring stations as of 2003, and
with the ground observations by visible or near-infrared cameras.

However, it should be noted that volcanic gas behaviour depends on the wind around the crater and that the high
concentrations have the seasonal characteristics as shown in Fig. 3. Therefore, the volcanic gas hazard map should be
used together with the meteorological information. In order to improve and complete the Miyakejima volcanic gas

hazard map, further studies will be done in near future.
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Introduction

It 1s Getting more important to know the
global environment and the global change
of climate for the human beings. One of
the most significant features to know them
1s cloud. Information on 3-dimensional
strudtures of clouds,sizes and distribution
of cloud particles,depending on size of
optical characteristics of cloud particles,
motions of particles in clouds, and so on
are all desirable to solve role of clouds.

High-Level Clouds

Low-Level Clouds

% Groundsurface

Fig.1 Millimeter—wave radar realizes
detection thin clouds.
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DEVELOPMENT OF THE FM-CW RADAR OF
CHIBA UNIV.

We have designed developed a cloud profiling
radar at 95GHz. We adopt a frequency-modulated
continuous wave(FM-CW) radar rather than a
pulse radar become the former can achieve more
sensitive system than latter if comparing with
same instantaneous output power of transmitted
millimeter wave. Parameters and performance of
the developed cloud profiling radar at 95GHz

are listed in the Table.

Fig.3 The developed cloud Fig.4 Container of the

profiling FM—CW radar cloud profiling
of Chiba University FM-CW radar
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Generator A
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150+ 10MHz NATD 4.07GHz
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x 28 S
3. 92GHz ‘Locm B 'Local B,
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() Mixer [~ Amp B.P.F:Band Pass Filter
P. S:Power Splitter P.L.0:Phase Lock Oscillator

Fig.5 Block diagram of the transmitter
and receiver section

Table.1 Designed parameters of antenna

Antenna Diameter Tm
f/D ratio of Antenna 0.35
Antenna Optics Cassegrain
~ Gain of Antennas 57 dBi
Beam Width 0.18 degree
Antenna Separation 1.4 m
Direction of Antennas Zenith
Polarization 1 Linear
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Table.2 Conparison between the developed FM-CW
radar and SPIDER: a pulse type radar of
NICT, JAPAN

FM-CW Radar  SPIDER (NICT)

Purpose Groud based obs. Airborn obs.
Obs. direction at Zenith  Downword to horizon
Type of radar FM-CW Pulse
Antenna Imx2 antennas  0.4m X lantenna
Frequency 94.79 GHz 95. 04 GHz
Output Power 0.5 W 1600 W
Duty Rate Continuous 100-1000
Sensitivity (at 5km) -32 dBZ -35 dBZ

Observations of Clouds in
Pacific Ocean on MIRAI

Using the developed millimeter-wave FM-CW
radar at 95 GHz, we observed clouds in a
campaign observation on a sail on Mirai,

a Japanese scientific reserch vessel, in 2004

in the Arctic Ocean and West Pacific Ocean and
in 2005 in the whole area in the northern half
of the Pacific Ocean. Examples of observed
profiles are shown in figures.
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Fig.6 Observations in Amami Island in March 2003. FM—-CW
radar observated fine shower around 11:20 and structure
of interior of clouds on March 20th. Lidar data(upper
panel) were obtained by Nobuo Sugimoto, National
Institute for Environmental Science, Japan
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Fig.7 Example of data obtained in the Arctic Ocean using the
millimeter—-wave FM-CW radar (2004. Sep.21~ Oct.10)
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Observation schedule on MIRAI

Fig.8 Route of Mirai cruise in 2004(blue) and 2005(red)

Table.3 Observation Schedule

Table.4 Observation Plan

on Mirai 2004
Aug. Aomor i
Sep. Dutch Horbor
Oct. JObs.
Dutch Horbor
Nov.
Aomor |
Dec.
Chuuk
'05 Jan. | Obs.
Palau
Feb.

Aomor |

on Mirai 2005

Sep. _

4 Aomor i

-Oct.
Nov. SanDiego
Obs.

Dec. Honolulu

06 Jan. Majuro

Naha
Feb. v Aomor i
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Information design for
agricultural Plant Planning and Satellite based Remote Sensing Data Visualization
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Information Design Department, Tama Art University
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Abstract

This paper shows design and cooperative design process for agricultural plant planning system based
on information Design point of view. The system allows farmers planning kinds and yields of
vegetables for the coming year. Developing functionalities for plant planning, visualization of Satellite
based Remote Sensing (SRS) data, interactions for operating the system and graphical user interface
are concerned in the design. The design project consists of farmers and multidisciplinary researchers
those are agricultural biologist, remote sensing researcher and information designers. The objective of

the design project has been vegetable farming in Tokachi area of Hokkaido, Japan.

1. Introduction

The vegetable farmers deal with thirty hectare
field on average and fifteen to twenty crops in
Tokachi. For the planning at this moment of our
survey, hand drawing maps of the field and hand
writing names and quantities of crops that he
planted in each year have been used as figure 1.
And notes of manures and fertilizers are existed.

The design we proposed is an assistance for the
planning as interactive system for the farmers.
Basic functions of the system are browsing,
planning and recording concerning to vegetable
crops, several values of harvests, and records of
insects and disease.

Fig. 1. A hand drawing map of fields, names and quantities of
crops planned by farmer for 2005 (YM, 2005)

2. Planning Support System for Cropping and Fertilizing

2.1. Basic functions of the system

Following functions are designed in the
Planning Support System. Those are (1)
cropping for the next year, (2) fertilizing for the
next year, (3) recording agricultural information
concerning to this year that is listed in table 1,
and (4) browsing past information about
planning and recording in preceding years.

PN (g o i ] TR i ) o
o oo e BESELE e

Fig. 2. A Screenshot of the Planning Support System for
Cropping and Fertilizing
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A main screen of the system is shown in ﬁgure D Table. 1. Variables of agricultural information for the planning
Left side of the screen is an area for planning
crops on a plan of field where the farmer
considers and right side is an area for browsing
past information on same plans. Horizontal lists
of the left area shows potential kinds of crops for
the planning. The right area shows harvested
kinds of crops with which the farmer deals.

. Plan of Field for Cropping

. Plan of Field for Fertilizing

. Yields and productions

. Starch-concentration (potato)

. Sugar-concentration (beet)
Protein (wheat)

. Nitrogen-content (soil)

. Insects and diseases

=l | - S o K ¢ TR o P o TN il -]

i. Profit and loss

2.2. SRS data for the system
Variables of estimation for the system are followings. Those are calculated from SRS data.

Estimated yield of each crop
Estimated starch-concentration of potato on each field
Estimated sugar-concentration of beet on each field
. Estimated protein of wheat on each field
Estimated nitrogen-content of soil on each field

By

2.3 Social system configuration for the planning support system

The planning support system is used by a number of farmhouses under management by a certain
organization of the region. The organization contracts with SRS data provider. Figure 3 shows the
providing system.

=

organization
of
RPN A {n

S

@

Fig. 3. Providing system for the planning support system

(1) SRS data of the region

(2) Providing values of the calculated data of each
farmhouse field for the system on farmer’s PC

3. Information Design Study on Visualizations for variables from SRS data
3.1. Visualizations

Values of the Variables are calculated from SRS data by functions constructed by SRS researcher
(HONGO. 2004). Information designers visualize the variables. Purpose of the visualization is making
legibility of the values for the farmers who deals with the values of crops, fertilizers, and his/her tasks
on the fields.

Our study of the visualization has been based on SRS research for a couple of fields of potato that is
grown by farmer YM in Tokachi as a case. Following visualizations are derived from the potato data.
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Fig. 4. Legible scatter-gram of Estimated yields of potato by
SRS data
A-1. Scatter-gram of Estimated yields from SRS values
A-2. Scatter-gram of Estimated yields from SRS values
(different color scale from A-1)
A-3. Overlapped visual expression depicting Preceding
Crops

Fig.5. 3D Visual Expression depicting Yields,

Starch-concentration and Preceding Crops

B-1. Visual Expression depicting Preceding Crops and
Estimated yields (Height represents Estimated yield,
Color is a kind of the crop)

B-2. Visual Expression depicting Estimated starch
concentration and Estimated yields (Height represents
Estimated yield, Color is Estimated starch concentration)

B-3. 3D Physical model of B-1

B-4. Legend;

a : Estimated starch concentration
b : Preceding Crops
c : Estimated yields

Vil =

-3

T -3

[0 R S SRS RS LU FS G By R TERN 3:%°3)

Fig. 6. 3D Visual Expression depicting Preceding Crops and
Crops of this Year on specific Area of the fields
C-1. Check boxes of variables to visualize;
o : Year
p : Field in a farmhouse
q : Kind of crop, Yield, Sales of the crop, Value of
harvest on the crop
r: Kind of manure, Quantity of the manure
s : Kind of fertilizer, Quantity of the fertilizer
t : Value of soil
C-2. Visualization of this year (Left), 3D Visual Expression
(right)
. Visualization of preceding year (Left), 3D Visual
Expression (right)

Q
w

Fig. 7. Simulative Expression for the
Influenced-by-the-preceding-crop Model
D-1.Simulative Expression for wheat with
Influenced-by-the-preceding-crop
u : Preceding crop
v : Filter of “wheat” for preceding crop
w : Estimated yield of wheat
D-2. Graph of differentiations of
Influenced-by-the-preceding-crop to crop of this year
D-3. Influenced-by-the-preceding-crop Model
(OUMURA et al, 1991)
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3.2. Evaluation for the visualizations

Evaluation for the visualizations has been received from farmer YK and other in a few times of
meeting. Opinions from the hearing and discussion for some visualizations are presented as figure 8.

YIxt—ba WAL CASAE REFOLNS A 54 X —iTME
ELTRHDPY [JTI=r Rl BN,
e 5. WO, HOuBLIa 5 EOEBIEHNT
ABEHCDINT MEBROMEN L—baunte SR 4 TASABON
LWATSEH BUOH? R BEEOHHED
IR AP : : 3 Liy
YBFL, %
TROBROR BRENSDERIL ERORIZRMD
BRI EZ40) PYREL ST HFERORRIZLE
OHREME. ¥ RAZ RN HE5x5, U
RYboepve A RAINRS)
%, :

Fig. 8. Presentation of one discussion

Opinions of Farmers for the visualizations are followings.

(1) “The visualization is similar with farmer’s image. And it demonstrates state of his field much
more clear than usual image through his working. ” This opinion is for the legible scatter-gram of
estimated yields of potato by SRS data (Fig. 4.).

(2) “It may possible to simulate relationship between Estimated starch-concentration and Yield of
potato on the field. ” This opinion is for the 3D visual expression depicting yields,
starch-concentration and preceding crops (Fig.5.).

(3) “It is useful that system represents estimations and facts of each field.” This opinion is for the 3D
visual expression depicting preceding crops and crops of this year on specific area of the fields
(Fig. 6.).

(4) “The system allows new comers to learn their work and business on agriculture concerning to
crops, fertilizers, distributions and so on.” This opinion is for the simulative expression for the
influenced-by-the-preceding-crop model (Fig. 7.).

4. Future work and Acknowledgements

Through the design development of the plant planning support system, it is figured out that SRS data
allows a various understanding of relations between estimated values and harvested facts on their
farming. Future work of our design studies is developing cyclic model of crops and soil. The cyclic
model is able to describe as follows.

(1) Crops and fertilizers in preceding year have been comprised in values of soils.
(i1) The values of soils constraint plant planning of cropping and fertilizing in the next year.

(iii) Crops and fertilizers makes the yields of this year. And those are comprised in values of soils.

Finally, we thank partner farmers for their contribution to the design development.
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Validation of ocean color in the western equatorial Pacific Ocean by using in situ
spectroradiometer and ocean color satellite data

Katsutoshi Kozai (Kobe University Faculty of Maritime Scicnces)
Kensuke Tanaka (Kobe University Graduate School of Science and Technology)

In the western equatorial Pacific Ocean high sea surface 0.23
temperature area is well known for the warm pool. This

makes the area highly convective, which in turn

influences the visible and infrared wavelength sensor

signal through clouds and water vapor. In situ spectral

radiometry for sea surface is inevitable for calibrating and

validating physical and biological parameters such as sea

surface reflectance and chlorophyll-a concentration

without atmospheric corrections of remotely sensed data.

The purpose of the research is to not only validate sea
surface reflectance and chlorophyll-a concentration

derived from MODIS but also investigate the parameters

affecting sea surface reflectance by using a radiative

transfer code known as 6S (version 5.2B).
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Fig.1 Study area and the stationary point (circle on the
left figure, Dec.16, 2004~Jan.7, 2005).
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'Fig.2 R/V MIRAI and onboard spectroradiometer Fig.5 Comparison of MODIS-derived chlorophyll-

GER1500. a and in situ chlorophyll-a concentration.
8 e T | 1 I 1 H
. i i i i i Summary

(1) The maximum spectral reflectances are
observed between 370~380nm and the minimum
spectral reflectances are observed over 700nm.

(2) MODIS-derived chlorophyll-a concentration
was underestimated comparing with in situ
chlorophyll-a concentration.

Fig.3 Spectral reflectance curves (red: before Dec.25,
blue: after Dec.26, 2004)
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Detection of rapidly sea-ice changes using satellite remote-sensing data
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Background

Sea ice thickness estimation by the satellite remote sensing

Qualitatively — Quantitatively

/'DAVHRR ice thickness: AVHRR + Heat flux I
-Groves and Stringer [1991]: AVHRR + Kuhn’s model
-Drucker et al. [2003]: AVHRR + Yu and Rothrock [1996]

OActive microwave ice thickness: ERS, RADARSAT
- Kwok and Cunningham [2002] : RGPS
- Peacock and Laxon [2004] : altimeter

LIPassive microwave ice thickness: SSM/I
- Tatayﬂf"ﬂﬁ ’C.-"{ Z'?n ?2002} P,v//;. Sy Q?‘Q}'{/’Sé%’? PR‘;Q

P

\ Martin et al., {2@;)4} R /
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[Terpenya Polynya

‘Terpenya Bay’ polynya in 1997
winter.

- no ice movement
- N0 SNOW cover

| Thick ice |

IDMSP SSM/I
 Tateyama algorithm [2002]
SHlartin aigorithm [2004]

- Daily brightness temperature (BT) from DMSP SSM/I

For validation
ONORR AVHRR

v'Yu and Rothrock algorithm [1996]

- Daily surface temp. data from NOAA AVHRR

- Daily meteorological data from NCEP/NCAR reanalysis
OShip-borne video data (for thick ice)

NCEP/NCAR:2.5° mesh — 280kmx280km
#7277 1.1km x 80pixel — 88kmx88km
SSM/I:12.5km x 6pixel — 75kmx75km

s L0 e
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Method 1

| Tateyama algorithm (2002)

[J Tateyama algorithm is developed based on the SSM/I data
and in-situ ice thickness data taken by ship-borne video camera.

’/The ice thickness /1 (m) is estimated using empirical equation; B
Hp=-537-PRy+0.84 R, ., —0.07, (D

where |
PR, = TBgy 1By _TIByy )

H ‘R37V/85V - H
TBI9V+TB19H TBS5V
>Sea-ice surface roughness  »Temperature gradient

When a new ice signal is detected (R,,,55,, <0.97), *R 37V,<§5V is
converted to R;,, .., by following equation,

U (*R37V/85V —RIQH/SSV)+ 0.6+ Rygp /g5 —0.29 (3)/

\_

VSO PE|  Martin algorithm (2004) |

O Martine algorithm is useful for ice production in po’lynyas.

#This algorithm is developed based on the ratio of H- and V-
polarized 37GHz channels.

/ ™.
The ice thickness H,, (m) is calculated using the following equation\

. HM — expl/(aR37+ﬂ) - 7 4)
where o=230.47, 3 =-243.60, ¥ =1.0080, and,
TB '
Ry = (5)
TByy ¥
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Method3 ﬁ/u and Rothrock algorithm (1996)J

O Yu & Rothrock algorithm is based on surface-heat balance
model using AVHRR thermal data.

»In absence of melting and a snow cover, heat energy balance
at the ice surface can be assumed that conductive heat loss at
ice-surface through the ice is equal to the total heat flux F;.

Kf he ice thickness & ', (m) is calculated using the following equation, \
5 _KT-T) 6
4 )
Iy

where K; = 2.034 (W/m/K), Tz =-1.8 (°C). T, can be calculated from the
AVHRR data given by [Key and Haefliger, 1992],

T,=a+b-TB,, +c-(TB,, —IB,;)+d-(TB,, —TB, \sec6-1),  (7)

ch

\ FTL:FSH(Ti)+FLH(Ti)+FLW(Ti)+FSW+FDL(Ta)' (8)j

—— Air temperature
----- Sea level pressure

— 1060

3) g
£ — 1040 &
Meteorological data from g =
NCEP/NCAR 2 o o SR WA
- Air temp. at 1000 hPa | & LA BRARY L 1000 %
- Sea level pressure 5, (A ¢ L og0 2
lce concentration (B) B ;go g
from the SSM/I MN ﬂ L5 §
—70 8
. 60 5}
L— 50 %
0.6 A
. DA AICRE A, B A T C
Estimated ice o L Ty (©)
thickness = 0l B LR
from SSM/I and g ., SR
= leRed i SRR

10 20 30 40 50 60 70 30

Day of 1997
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SSM/I Thickness [m]

 Comparison 2 |

SSM/I Thickness [m]

0.20 <

0.15/

0.00 —

Thin Sea lce ]

o+

O Tateyama
+ Martin

v'Tateyama algorithm is overestimated.
+ v'Matrin algorithm is better|for thin sea ice.

0.00 0.05 0.10

0.8 —

AVHRR Thickness [m]

I | | |
0.15 020 025 0.30

Thick Sea Ice ]

® O Tateyama
X 4+ Martin

v'Matrin algorithm is underestimated.
v'Tateyama algorithm is better for
thick seaicsg.,.

Ship and AVHRR Thickness [m]
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LlUncertainties in the ice-thickness from AVHRR data.

v Ice thickness derived from AVHRR agrees with that from
upward looking sonar within 10%.
¥'A coarse spatial resolution of AVHRR (1.1 km).
+"The largest uncertainty is in NCEP data.

* a course spatial resolutions of (2.5°x 2.5° ;

280 km x 280km)

» covers the bay and surrounding land.

«"High thin cold clouds and low warm fogs over polynya.

Ice thickness estimation algorithms for thin sea ice in the

Terpeniya Bay and for thick ice in Sea of Okhotsk were
validated.

[{Tateyama algorithm:

v"A very poor relationship with AVHRR of RMSE 0.17 m
for < 0.2 m thick ice.

¥’ A high correlation with the thick ice of RSME 0.14m.
OMartin algorithm:

v'Efficient result for thin ice with RMSE 0.04 m.
v'A coarse accuracy for thick ice with RMSE 0.47 m.

v'Tateyama algorithm and Martin algorithm are suitable for
thick ice and thin ice estimation, respectively.
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EM Hi (m)

EM Hi (m)

®1. BREEO#HEH (LBRIISER TRIZEHBE, BLidF¥H7 e v/ k)

N Snow ice Frazil Columnar gle Mean H; | Mean B,
2003 16 T% 508 29.6 35
3.7em 62 7 /i 1.4 8.6cm 34.5cm
2004 L] 9.30% 48.6 36.9 a1
6.8 92 13.5 36 14.8¢m 34.7cm
2008 2 7.30% 929 79.4 34
2.9cm 2.7 14.1 1.1 13.5cm 32.1cm
Total 27 8.60% 48.2 386 4.6
2.0 7.5 11.2 24 11.9¢m 35.dem
(b)
(a) _-‘ 0 1 1 | 1 1
I L
y=0.217 x + 4.100 i A
R? = 0.842 A i A p A
Aa s A
A% o - e
& A o A
A = 3=1'D A A
A >
A > A By
. SN
A AA A i
1 Km fean - 1km mean
-20
-20 -15 -10 0 3 6
VV (dB) Sail Height s.d. (cm)
(c)
B1. #iBRICinoT-KES5 & Pi-SAR D LLE
3 (2) % EBEARE & EMA BRI KED
T FABI (HBIRK 0.91)
A (b) #FEGERE L RmEM A (Sail
A
A height DIEHERZE) & OFHE
A
2 (tHBA4% % 0.84)
A“ A (© EMMNMOROZKELEREM MDA &
DB (FHRE£%4% 0.93)
1km mean
0 3 6

Sail Height s.d. (cm)
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