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Measurements of Coniferous Forest Biomass Using
Second Intensity Moment of High-Resolution SAR Data
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The purpose of this study is to develop a new algorithm to estimate
forest biomass using non-Gaussian texture information in high-
resolution polarimetric synthetic aperture radar (SAR).

Previous algorithms:

@ Regression model based on the relation between radar cross
section (RCS) and tree biomass — requires strict radiometric
calibration

@ Regression model based on the relation between probability
density function (PDF) and tree biomass — requires PDF
The proposed algorithm:

@® Regression model based on the relation between RCS and
second intensity moment — requires no strict calibration nor PDF

RCS Model

AIRSAR data of coniferous forests at 40°-50° incidence angles

backscatter coefficient (dB)

biomass [tons/ha]

M. G. Dobson, et. al., IEEE Geosc. Remote Sens., vol.30, pp.412-415, 1992.

The conventional RCS model => model function requires strict radiometric calibration
+ biomass saturation around 50 tons/ha at L-band

Non-Gaussian Distribution Model (1/2)

Pi-SAR data over Tottori

Gaussian

speckle:

statistically

uniform

= Nno
information

Non-Gaussian:
statistically
non-uniform
= textural
information

Non-Gaussian Distribution Model (2/2)

Pi-SAR data of Tomakomai coniferous forests

A S S K-distribution
I o redpine
20F o lach | 4 Vi %
b8 Todofir X o={>) rx |2dx
51 u,} & spruce / A l‘(v)[(l)] 4 “‘[ {1y
2 a couifier |
g T | A
g nf Jk ¥
% 3 | ‘P I' :Gamma function
k] "f b ;'/ L K, : modified Bessel function
° T Y t of order v-1
! ;) ¥ r=0.890 v :order parameter
1] ST S T s NI WL FR PR (0 </> : mean intensity
¢ * bi‘gmass?to ns/l:] e A :image amplitude

H. Wang and K. Ouchi, IEEE Trans. Geosci. Remote Sens., vol.46, no.4, pp. 1058-1064, 2008.
H. Wang, K. Ouchi, e.al., IEEE Trans. Geosci. Remote Sens. Lett.. vol.3, no.4, pp.495-499, 2006.

Non-Gaussian distribution model => extends the upper limit of measurable biomass to
~80 tons/ha + no strict radiometric calibration, but requires PDF that fits best to data

A Proposed Second Intensity Moment Model

A new statistical model is sought, in which the model does not
require to search a PDF that fits best to the data, and keeps the
estimation accuracy and the upper saturation limit similar to those
of the non-Gaussian distribution model.

Examine the second intensity moment which depends on the non-
Gaussian texture in terms of tree biomass.

Pi-SAR over Tomakomai Forests

X-band main antenna

Pi-SAR was developed jointly by
National Institute of Information and
Communications Technology (NICT)
e and Japan Aerospace Exploration
L-band antennia  qub-antenna Agency (JAXA).

Data: L-band (1.27 GHz, 23.6 cm) data of single-look resolution cell
0.75 m (azimuth) x 3.0 m (range) over the Tomakomai forests.

test sites

L-band colour composite polarimetric Pi-SAR image (35 x 14 km)

Forest Map

Map of individual stands, species, and years of plantation
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“Ground-Truth” Data Collection

“Ground-truth™ data collection: 2002, 2003, 2005, 2006.

Select a plot of size 20 x 20 m that represents each stand, and measure the tree
species, height, DBH, basal area, and soil moisture.

=> transform to (pole) biomass values *

* The conversion formula provided by Project department (Stand volume table -
East Japan-, Japan Forestry Investigation Committee. Tokyo: Forestry Agency,
Oct. 1998)

Procedure of Model Development

Regression Analyses for HH, HV, VV

Pi-SAR data Field measurements of biomass 26 HH bt 26 vy bl o
4 & Todo fir ¥ & Todo b
Pt ot =y =
= £ 24 ;\\\ é E a4 o
Rt H \'\;\\\‘A H )/’_\ﬁ\ L
E ¢ TR £ M |
| g = ¢ o TN 3= (S P
Forest map r=-0.692 r=-0.692 4
20 40 ] 80 100 X 20 ) 0 0 pl
pole biomass, B,, [tons/ha] pole biomass, B, [tons/ha}
HY o ved pine Biomass data of stands 1-19 were used.
Select each stands ) Derive Mb’ o o <> ]
e %. '.‘ ¢ re(g);eslsion y N et T2 =a+aBy+a; B, +a;B,}
Pt mode z
-Comp}xte 2nd w4 > - E LNy N B, = “true” biomass
intensity moment - U P 4
for HH, HV, VV BLEL I I e 3* °.\~«;\ Highest correlation : HV data
4 ol 750929 ay=2.564, a,=-0.009,
Estimate the model accuracy with known biomass ) ;k m:;.\waw[mvhﬂ 100 a,;=6.414x10°%, a;=-1.851x107
Trend of Non-Gaussian Moment and Biomass Accuracy of Second Intensity Moment Model
second Gaussian moderately Biomass data of stands 20-40 were used. Using the intensity moment model,
intensity non-Gaussian o the biomass values of other 21 stands
moment . b P , ! i are again estimated from the Pi-SAR
highly . 120 i data.
Gaussian

non-Gaussian

-

LI

biomass

bare soil small biomass medium biomass large biomass

Comparison is then made with the
e ground-measured biomass.

arbose

4 = average accuracy of the model is
85% per individual stand.

2
T

Advantages of the moment model:
@ no need to search a distribution

3
T

model-based biomass (tons/ha)

7 r=0.891 N
# P ¢/ PDF model function which fits best to data
r=0.908 @ keeps estimation accuracy similar
ok i N s to the distribution model

L 1 L
20 40 60 80 100 120 140

i Conathe) @ upper saturation limit similar to

the distribution model (higher
than RCS model)

second intensity moment

Updated Model Function

18 T T T T
27 t o redpioc | The second intensity model function is
- o larch updated using all 41 sets of HV data.
2% 4 Todofir

\ A spruce 1
» )J\ o coinifer

"
Ly
S S

P 1
72 =ataByta; B +aB,? |

¢ 41

i i 4 B, = “true” biomass
=r LA\ TS : 1
. . Yo ety | @=2265,  a=0.126,
r=-0863 LA a,=1.097x10*, a,=-3.484x107
2ol .

Biomass Estimation from Up-Dated Model Function

ige

Sl ™ 7
l..,alimulh :
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Extended Biomass Map ?

Data Fusion ?

QuikBird NDVI (2002/04/06) 5
Data fusion

Possible data fusion by taking advantages of SAR and
optical data

Conclusions

. RCS model is described for tee biomass estimation.

PDF model is described in order to estimate coniferous tree biomass from
high resolution cross-polarization Pi-SAR L-band images.

»

Lt

The second intensity moment model is derived and discussed.

The accuracy of the moment model is 85%, while that of the PDF model
is 86%.

. The advantage of the moment model over the PDF model is that there is no
need to find a distribution function which fits to the data.

>

[

6. The moment model is simple and extends the upper limit of measurable
biomass beyond that of RCS model.
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Acrosol direct radiative effect at the top of the atmosphere over
cloud free ocean derived from four years of MODIS data
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Abstract

The size distributions of water particles at the
bottom of clouds had been analyzed by a multiple-
scattering simulation code for standard lidars. In
order to expand it for inside the cloud, the code is
modified and applied to the bistatic lidar geometry.
It simulates the intensity and polarization of the
extracted light image from clouds by using Stokes
vectors under Monte Carlo method.

Keywords : bistatic lidar, multiple scattering,
Monte Carlo method

Introduction

Lidars were developed as powerful tools for the remote
sensing of clouds. A polarized laser beam of the lidar is
scattered by the water particles in the cloud. The size
distribution of water particles strongly affects extracted image
intensity and polarization from the cloud. In order to extract
its information from the image, accurate computation of
contribution of the multiple scattering is required. The Monte
Carlo Method code for polarized light has been developed and
evaluated with experimental results by using standard size
particles!). The analyzed results were limited around the
bottom part of clouds by the lidar geometry. In order to
expand the analysis region, the code is modified and applied
to the bistatic lidar geometry.

Multiple-Scattering Model for
a Bistatic Lidar

The distribution of radii is divided into thirty-bin classes from 0.1 to 30 mm.
Typically 10° photons are incident to the bottom part of the cloud. The n-th
scattering particle is found by contribution of each class according to the density
and overall angular Mie-scattering-pattern. The n-th scattered angle is defined and
weighted by the Mie-scattering-pattern. To calculate the polarization, the Mueller
matrix was calculated with the Stokes vector by each scattering. After calculations
of all photons’ paths, extracted image is obtained.
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Lidar system at Gifu Univ.
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Camera; Nikon D708, 1s
Lens; Tamron AF 200-400mm
Laser; Surelite, N&:YAG, 532nm, 10ns, 50 mJ

Scattered image by Lidar.

Analyzed image by our model.
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Extracted light image of a Single layer
Cloud for bistatic lidar geometry

Intensity

Inkersity [arb]

Extracted light image of two-layer cloud

(upper layer: p=5x10"2 cm3, lower layer: p=102 cm3)
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Observation by the Bistatic Lidar

p-polarized image s-polarized image

*Frequency doubled Nd:YAG laser: Excel Technology, Surelight S-10, 7ns, 5-180mJ
*Tel : K ikoki, 300mm di D ian type, WHITEY DOB
*Digital camera: Nikon, D70s

*Separation distance between the laser and telescope: 50m

Conclusion

The simulation code was expanded to the
bistatic lidar geometry. Typical simulated results
and fundamental experimental observations are
presented. This analysis with bistaic lidar seems
feasible to analyze the particle size distribution
in clouds.
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Spatial analysis of landscape changes in Chiba prefecture
using GIS and remote sensing
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Early Studies and Technical Issues on
Studying Urban warming and UHIs (1)

* Several researches reported (1997) that the annual
mean air temperature of a city with one million or
more people can be 1-3°C (1.8-5.4°F) warmer than
its surroundings.

* Urban warming increases in intensity and area
with rapid urbanization resulting from the large-
scale development of commercial, manufacturing,
and transportation areas.

¢ UHI intensity varies with urban size, urban surface
characteristics, anthropogenic heat release,

topography, and meteorological conditions.

Early Studies and Technical Issues on
Studying Urban warming and UHIs (2)

Early Studies and Technical Issues on
Studying Urban warming and UHIs (3)

¢ UHIs and urban warming are considered major
problems faced by human beings in the twenty-
first century as a result of urbanization and
industrialization of human societies.

¢ Much UHI work is compromised by lack of rigour in
the design and conduct of experimental work.

¢ Researches on urban warming have been
developed using remote sensing data and
numerical models recently.

* UHI research in large cities in low-latitude region
has just begun.

* Several studies (e.g., Jauregui 1997) observed
both nocturnal and diurnal UHI occurrences, but
the nocturnal occurrence predominates.

* In the tropics, UHIs occur diurnally during rainy
months and the diurnal events are most likely
attributable to isolated thundershowers.

¢ In the subtropics, UHIs are predominantly a
nocturnal phenomenon, but with intense heat
islands occurring occasionally during warm
afternoons.

Study Region: Taipei
Land Area: 27,180 hectares (2006)

Population: 2.62 million people (2006)

Aver. population density : 10,007 people /km2
(in the central urban area : over 26,110 people /km2)

Ann. Mean Temp.: 21-22°C
Ann. precipitation: over 2,000mm

Jan Temp.: 1.7°C
Jul Temp.: 30.4°C

Taipei City:
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121° 33° 20" E
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I Precipitation

This study has two main purposes:
1) to clarify the relationship between the
change of urban climate and urban

development in Taipei.
2) to characterize the urban heat island
(UHI) in low-latitude region.

to make clear urban warming in Taipei
and relate it to urban development, and
the UHIs spatial forms.
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Objectives Methods

1) To Make Clear Urban Warming: The long-term
meteorological data collected at Danshi Town
and Taipei City observatories from Taiwan
Central Weather Bureau (CWB) Services

2) To Make Clear UHI: Meteorological observations

3

1 ss%}or |

Observation Works Design (1)
—+==Pop of Taipei City
~==-Pop of Danshui Township
—+—Pop of Bangiao City

Pop of Sanchong City

————Pop of Zhonghe City

~»—Pop of Xinzhuang City

—#&—Floor areas (Taipei City)

Population (million peo.)
S
T
building(km?)

peesevmm—ane e
1985 1995 2005

Floor areas of newly constructed houses’

1955 1965 1975

14 thermal recorder
installations were
established in both Taipei

City and Taipei County.

Temperature and humidity

data in 10-minute intervals
are downloaded once every
50 days.
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Results (1)
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970 1975 1980 1985 199G 1995 :2000 2005 2010
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1970 1975 1980 1985 1990° 1995 2000 2005 2010

Ann. Min. Temp.
(°c)

30 [ —4—Taipei City —&—Danshui Town

24 = +
1970 1975 1980 1985 1990 1995 2000 2005 2010

Ann. Max. Temp.
(°c)
»
>

5000 [ =—#=Taipei City —+~Danshui Town

Precipitation (mm)

1990 1995 2000

2005

Results (2)

Oct-08 —*—Nov-08
—>—Dec-08 Mar-09

Tu-T6(°C)

5T e pittie —a— Wl

RARV —O— WO

T | e g M L DR

T e RV —O— BRI Mar 2009

8 e iR —3¢— LR

5 o Ao+ 2009/3

Nov 29 2008 (
Wind speed: 4.

Dec1

2008 (0:00)
Wind speed: 2.5m

/s (ENE)
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o O=Ne

AT(C)

N =N

AT(C)

Mean Temp. R=0.95
Max. Mean Temp. R=0.75
Min. Mean Temp. R=0.86

“A
t*ﬁ §§:3‘.
3

Lof'fpapulatifﬁ z1934-1 92914

>uO

<& Mean Temp. R=0.99

B Max. Mean Temp. R=-0.45

A Min. Mean Temp. R=0.55
A a
;8w 3 § @
4

| L )

41 2415 242 2425 2.43 2.435
Log(Pobulstion) 1992-1997
<& Mean Temp. R=0.99
M Max. Mean Temp. R=-0.67
A Min. Mean Temp. R=0.71

3

:
2

1[ S 430 Y,
’ ; . .
2.

416

2.418 2.42 2.422 2.424
Log(Population) 1998-2008

Conclusions (1)

* The warming rate in Taipei between 1897 and
2008. is 1.57° C/100 years. As in other cities in low
latitudes, the warmest monthly temperature in
Taipei City shows a fast rising rate (1.74° C/100
years), which is about twice that of the coldest
monthly temperature.

This study examined Taipei City has been
urbanized rapidly from 1967 and urban warming
appeared from 1985.

* The effects of urbanization on local weather and

climate change resulted in a remarkable increase
in mean temperature and minimum temperature.

Conclusions (2)

The results of field observations in 2008-2009
proved that the nocturnal UHI phenomenon is
predominant; however, in the rainy season
(November and December), the UHI intensity
during the daytime is higher than at night.

The diurnal UHI reached its greatest intensity
around 12:00 and 15:00, and the maximum UHI
intensity reached 4.0-5.0° C during clear day-sky
and calm wind conditions, mainly in the wet winter.
the nocturnal UHI reached its greatest intensity on
cloudless nights before sunrise, and the maximum
UHI intensity reached about 2.0° C during the dry
months (spring).

Conclusions (3)

Downtown and its western neighboring areas
(satellite cities in Taipei County) have become an
expanding high-temperature region during clear
day-sky and calm wind conditions.

The effects of UHI on the number of precipitation
days and the intensity of precipitation need further
detailed investigation and research on seasonal
changes, daily changes with time, and areas under
meteorological conditions similar to studies in the
mid-latitude.
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SHEMLTEBTHS. McCormick et al. 1993)

» CALIPSOMRREEIEIKZHRTOS Y FTHY, BRIED-ODEE
ELTHLERBS A ¥—3LBATLS. (Kovacs et al. 2004)

L v e el > RPBEGEIBARKONRRR $R3 L0 RS (
; A —LH G ELRB) NMBETHS. (Schnell et al.
O EEY RE JRY ' 2009)
E =) B ERD <5 > LRICEAHFET BE, L -OBBEDLH, AR—Z51F—
! P sl 25133 TROI7 OV LROFHEEZSELL.
NBEBRFRFRBELHER 14 o ‘
H ¢ JHERFREREXFHES TERRA N
7 3) M ERE IR NIRRT . # ERES 1 4 — L CALIPSOERM & £,
{ R o ekl ~ I TRO(T7RVL) XX FEFETS.
e ks s R X !
Parameter April 2004 March 2009
Laser Nd:YAG Laser Nd:YAG Laser
Wavelength 532 nm 532 nm, 1064 nm
Pluse Energy 300 mJ 300 mJ
Pluse Repetition Rate 10 Hz 10 Hz
Beam Divergence 0.2 mrad 0.2 mrad
Diameter of Telescope 350 mm,200 mm 350 mm
Ficld of View(350mm) 2 mrad 2 mrad
Range Resolution 7.5m 7.5m
Temporal Resolution 5 min 5 min
Measurement Range 0~120 km 0~120 km
Detector . PMT PMT(532nm).,APD(1064nm)
Direction of Measurement Vertical(Fixed) Vertical(Fixed)
Voltage(PMT) 2000 V 2000 V
Voltage(APD) P 340V
PMT;5_gq y Delay 10 ps 10 ps
Wrattenfilter(350mm) 10 % 100 %
NDfilter(350mm, I} 90 % 9 %
NDfilter(350mm, L) 50 % 1%

0 2000 4000 6000 8000

M Ak Fernald (1984)

AEE] backward and forward inversion

1. SA4—LIE, WEI<&>TEELEL. 1.Backward inversion(z;=13km - 15km) =>Aksu-Lidar =@

2. BESASH—LCALIPSOIREICARMERTING.

z - ‘B (z"dz'

1. #1541 8— £CAL IPSODR ) EEMEAt100kn L NOD T O 7' — & JAETY e — X@)enp|205p-50)[" e |
FHH L, 15@THTS. " g " X(" —s) [ B, (z")dz" |

2. Platt ot al. (1999) DA ETROXLMEEERDS. ooy 2 [ X +2(sp-9)[ puiena e

3. BOXERESH M) 2C25T077MLEREL, £HT 5. o(z)=0,(2)+SpxfB,(2)

4. Fernald(1984) DABSEI=& Y, CALIPSO(MIABISE) &t S+
H— (AWM IS OVWTHRABERMENHT S. COR, |& 2.Forward inversion=CALIPSOI=3#
DENBENE R BESH54 H—LLERDS. (Teo et o
al. 2008) X(r)cxp[—Z(Sp—Sr)J: B,.(r )dz]

5. RIS F—HERNTEY 1 MORAHEARBEHNL, P+ Bur) =305 — T ol
JnT SRS (R+ITOVLIM (1] 2% 27—5 EME T2 [ XCes]-2(sp=0)[' e
) . LA

6. MBEhETF—SEBETHL, (4 OFEIEY, Bk o) =0, ) +8pxf,(r)

A4 ¥ —hRbh 3.

fRHT x5 : 23 Mar. 2009(UTC)
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02 F0.2 - 0.2 12 O 9km—11km -
0.1 0.1 3 FO.1 g
oo.—*&ﬁoﬁmmom, a 101 i
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5 oa P " R i . ol
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‘g 0.2 3 0.2 4 0.2 - % Em
£ o] 0.1 o 3 k- T7avn HERAOT AL
NN~ . % o] -
3 oo F0.0 m—»o o - - 5
0.0 0;5 1.‘0 1;5 20 0.0 0;5 120 1‘_5 20 0.0 0;5 1;0 1;5 2.0 —5
o2 Pe— $ Smetokm f E> 10km-11km o o B
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Color Ratio Backscatter Coefficient[km™!sr™]
14 T T T T T — P’ —
T4 F =& HT—HDO XA
12| Lidar Ratio
Doseet; 1 Dust 532nm 1064nm Refference
E (Saharan) 26+£4.8 35+18.3 Vaughan et al.2004
o 1+
8 (Saharan) 413 52+5 Liu et al.2008
E (near the source)
§ (Korea) 45.5+8.6 Noh et al. 2007
S 08 ) (Asian Dust) 47+18 Sakai et al. 2003
s Maritive {RH:30%) (AsianDust) ~ 42—55 Liu et al.2008
B (Asian Dust) 43.1%7.0 Murayama et al.2004
5 06 . (Taklimakan)  40.02+5.9 47.79%9.1 this study
o T+ 40 30 CALIPSO Algorith:
A AN * ;’Tm Maritime/Continental gorithm
L Urban/Arctic/Antarctic B .
04 Y ¥ Color Ratio
Dust 1064nm/532nm Refference
02 '4 L = L 3 1 > L ; (Saharan) 0.86+0.01 Vaughan et al.2004
10% 10 10° 10 10° 10° 10 (Saharan) 0.7440.07 T b iL00R
Backscatter coefficient at 532 nm [km™'} (near the source)
CALIOP ATBD Part3:SCAL Y $i (Taklimakan) 0.76x+0.25 this study
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Estimation of offshore wind energy resources
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Fig. 6. Annual energy production per squared kilometer
(GWh/kml). Blue lines show boundaries of
Japan’s EEZ (including disputed areas). (onsawa et al.,2009)
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Table 1 Specifications of
ENVISAT/ASAR

Mode Image mode (IM)
Product Precision product
Beam 1S2

Incidence angle 18.7~26.2deg
Swath 107.7km
polarization WV

Pixel spacing 12.5m

Orbit Descending/

Fig.3 ASAR geometrically-corrected Ascending

NRCS image (Aug.20, 2003, 01h Period Feb.,03-Mar.,08
09m (UT), 500m resolution) No. of scene 49

Fig. 1 ASAR-derivéd wind spéed (left: Aug.20, 2003, 01h 09m
(UT), 200m spatial resolution, Circle indicates the location of

Shirahama offshore wind observation station (right).)
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Fig.2 Overlay of 49 ASAR-derived wind speeds. (Triangle
indicates the location of Shirahama offshore wind observation
station.)

Weibull Probability Plot (ASAR) Weibull Probability Plot (WRF)

om 7 ¥ 0% o
090 1 090
075 075 -

P
050 '*3“ : 0.50 g@ﬁ
025 ) 2025 s
# 2 ¥
0.10 3 gom EL
& ++ &Y n A
005 + 005+
+ -
002 )
001F -+ ! 0.01
10° o' 10° '

7 10
Wind speed (m/s) Wind speed (m/s)

Fig.10 Weibull probability plot at Shirahama (left: ASAR-
derived wind speed, right: WRF-simulated wind speed)

Table 2. Wind statistics for 10m above sea level based on 49
ASAR-derived, 49 WRF-simulated and in situ wind speeds at
Shirahama.

Parameter ASAR WRF(49) Insitu WRF(2005)
Mean(m/s) 497 6.59 5.06 5.61
Weibull scale(m/s) 5.62 7.32 5.59 6.48
Weibull shape 224 1.61 1.53 1.78
Weibull Mean(m/s) 4.98 6.56 5.03 5.76
Weibull energy density(W/m?) 129.9 424.3 206.3 2553
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Fig. 3 Scattergrams between in situ and estimated wind
speeds by WRF and ASAR at Shirahama with and without
wind directions.
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Statistical models based on Weibull parameter
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where v:wind speed, k: shape, A: scale

Weibull probability
density function
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Fig.11 Weibull probability density functions overlaid with wind
speed histograms. (left: ASAR-derived wind speed, center: WRF-
derived wind speed, right: In situ wind speed at Shirahama)

(b)
Weibull mean wind speed by ASAR

Fig. 2(a),(b) WRF-simulated and ASAR-derived Weibull mean
wind speeds (a, b). Wind direction from sea and land is
illustrated in (a).
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Fig. 2(c),(d) WRF-simulated and ASAR-derived energy
densities (c, d) (Vertical lines along the meridian indicate
transects of energy density shown in Fig.4.
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Fig. 4 Distribution of Weibull energy density based on WRF
and ASAR along the transects with and without wind
directions.
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