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The Purpose and Outline of the Studies
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Abstract

The objective of this project is to develop monitoring techniques of dynamics of the en-
vironment through remote sensing. The instruments employed here are laser radars in the
atmospheric environment region and multi-spectral scanners (MSS}) in the water region
and ground environment region. The period of the project is 4 years form 1984 to 1987 fis-
cal year. In this report, results in the first half-period are found. The major achievements
are: A differential absorption laser radar was constructed and the NO, concentration in the
ambient level of 2 ppb was successfully measured. The structure and movement of a sea
breeze front was observed by a large scale laser ladar. The image enhancement techniques
and land average classification techniques were developed. The spatial and temporal struc-
ture of atmospheric pollution was analyzed in order to organize the ground monitoring sys-
tems for atmospheric environment.
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Abstract

A new lidar technique for measuring the profiles of backscatter ratio, atmospheric visi-
bility, and atmospheric temperature is proposed. Based on the theory of high resolution
Rayleigh/Mie scattering, the feasibility and advantages of using atomic vapor cells as; block-
ing filters for measuring atmospheric parameters are demonstrated with a numerical exam-
ple worked out in detail. ‘

The procedures for selecting the optimum temperature for an atomic vapor filters as
well as for error analysis and sensitivity estimation were carried out. We named the new
technique the High Spectral Resolution Laser Radar or HSRL. It is verified that the preei-
sion of an atmospheric temperature measurement with a HSRL system under construction is
feasible for practical use.
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Fig. 1 (a)Rayleigh/Mie light scattering spectrum of air molecules
(b) Residual scattering spectra after the transmission through the lower

temperature filter
{c) Residual scattering spectra after the transmission through the higher

temperature filter
In the same figure, the transmission curves of two atomic filters, F'( v ) at lower temperature

and F(¥) at higher temperature.
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Fig. 2 Rayleigh spectra of N2 by the S 6 model
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Fig. 3 Temperature dependences of Rayleigh spectra of N2 by the S 6 model
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Fig. 5 Temperature dependences of the absorption spectra of an atomic
vapor filter {Cs}
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Table 2 Figure of merit for HSRL

Atom Rb Ba Cs Pb
Laser Energy {mJ)/Pulse 7.0 27.0 20.0 3.0
Wavelength (nm) 780.0 553.7 388.9 283.3
1/ (Wavelength) 1.0 3.9 16.2 57.5
Quantum efficiency {% } 1.5 9.0 30.0 25.0
D 4.03x10° 3.29%107%  2.36X107°% 5.16x1077
Figure of Merit 4.23x107° 3.21x107%  2.97%107%  2.21x107%

* Relative value

5. 3 WIEME

FEOLICEF T ANy —OFHEL EOREYEEL, L-F-L—¥-TEETHETR
DURES L EBORBL ROL-0I01E, 5L LORERREROTE LE,SHLH, ZITH
(@3Foy OEFEM#EE LTHWL I LIZT 5,
&EmﬁmSG%?wuiéﬁﬁﬁ%%@7nﬁTo&EMM@%E,?&b%,ﬂ%?é%%
OBz - TR ZOT, AETRHESES ST A—FELTHELTHS, ALY, Fin
WETOY OEIZ 1K 47-00.54%TEEEEL TS,




EAREL —F — L — ¥ OERIEE

02

Q40

o
&

Q36

=
E

RATIQ) OF SPECTRAL INTENSITY 7
£
L)

030

L 1 1
2% 260 270 280 290 300
ATMOSPHERIC TEMPERATURE : Ta(K)

028 L

B 7 LAY)—ghElAxy FVOALERE T 4 2 FHOR S B VEFELL
Fig. 7 Spectral intensity ratio of the wing to central part of the Raylaigh spectra

6 BERELBEOHKRN

L—H— L — ¥ =il BHETI, MENHEOHHEHL LT, FHBALODLT »Fahion
B, MTREL —F—L—F—ICLBEIIBWT L, FRIC2HEEEET L, 2T, Rl
NEXATIHEO NS 2HHOREOKE SOV THFA 2T,

6. 1 REMLERECEH

ML —F— L — ¥ — T, RHENGBEECEREIBHTHL, —2lL {1 —HEDE
FAAREELTOICELLHETHL, LoL, IHENZOEMFICL VELTALOTIE Y
DT, b—W—L— ¥ —RErEHIIBEORRNEETHV-TRELRT) & LD, MEIE
wTED,

ToOHE, RENOTEIILABETHS, U8, VEREEP,)6100P, ElL LItk XDy
OEOELERBROMEE LTEOTHD, RARcL 2L, 2BKORRICHECT, Imb bbb
100p, DEALIZH LT, 7 %R, 1.5X10 2% L4 b, Rk 1K OELIZHT 57 ORALE
#0.54% THBH, Zhid, SRICHRE L TH0.028K PRRBIICHYT HOATHD, L—F—
L— 4 — il EARBMETH S LT ANEREIE, Htkm BLAT, ORI TORENELE
a2 ~30PF Thd, Lo TRERBEALBIIATOREIARICLTHLIKBTICNAL



WA - B

LIMRETH B,

SoBi, BT 7409 —DREOHLDEILLBETHD, M7 45 —OREOELL
AT A, ¥ OBLRPAEBOMEE LTEHE L TH B ARICL A L, KilART3K THiRM O 7 4
Ny -BmEN+ LKL 5, ¥ OEERE, 4.8X10°10b % s, JHIBKRIZLTH2.5K

20
~ 15 o
lé'n
=
9=
513*
W
é o5k 001K Cs
0 1 ] 1
260 270 280 290 300
ATMOSPHERIC TEMPERATURE : Ta(K}
E & 7r&oOSRESRTFESE
Fig. 8 Pressure dependence of ¥
2,0
[I%]
¥
§ HIGH:*1K  LOW:CONST.
N
5
w HIGH : CONST.  LOW: +1K
e
E EI.O =
B
Bu
-0 LOK Cs
a 05K
x ;
par]
C
0 1 | ]
260 270 280 250 00

ATMOSPHERIC TEMPERATURE : Ta(K)

B 9 7vO74Ny—iREOEFN

Fig. 9 Filter temperature dependence of ¥




AR L — W — b — ¥ — OFEIRE

THGT 2, LT, KiRE L LK OBETE N v ET 542 6IE, 714 07 —REOEEI,
04K DIFICH 2 5 BB S 5,

6. 2 RAEBEOERH

FHMEEEY AR AN, WERERT VAL RETREI N,
SiEMEnHE, E0CRLALILZEBLZFLLLEF+ U ANZTEL LAY —HELANR
& b L ORCEOESHEE(15)RT, BH0oBFARERRKATEREND,

Ny(RY=No L Ky Bobsf TA, Y, 1/R (26)

IIT, hHEESDILT v AN IFABTELONENETH L,
TrurfhiRbFRETLE, (15), 2OXFAVTERFTRDTF + ¥ AN TOPED S/N
IR TRIND,

(S/N) g == (R) /mt 7)
(N2 (R) + b2 Ng)

Y\ (28)
Wt (N3 (R) +ba Ny

SIT, om RIBRLEYOL —F— 0L A%, ¢ TERR, e ORI BOFHHERKT
b5,

Xe Cl| EXCI- DYE FINE TUNED

LASER BEAM
MER LASER LASER
(EMG 201E) (FL2002 EC)

|F SCATTERED
pMT OVEN - |7 ~— <:‘_‘| s
Al A
[ =H—— ﬂr
g [ | g
B /

CJ H
CELL -f_ oven  TELESCOPE

MICRO

TRANSIENT| | COM-
["|RECORDER| | PUTER

Ee TRANSIENT
RECORDER| | QO
PMT '

® 10 AL —F - L — ¥ —OEREORSE
Fig.10 Schematic of a HSRL system




Wk o BFOflk

(27), @)X F AT, [BWIKEETLLEEOARY FAREROEL, Thbb, 47
/AT ERATRENG,

47 1aT=v(1/(S/N)2 )2+ (1/(S/N)3)*

= s o @)

I,

C=Nom LK, BpT:A,Y, T/ pR* (30)
(29L& b, HERME BRA TSI 6NE,

=g G ) an
BURIIBNT, ¢t BRAMIT S bz & by DEIRI

B2 * fu' W CHNy=03 " fon f fu CH N, (32)
Thh,

FOLEEO L OER
T T '(fmm‘ AT Y Cth ) (33)

THbo

#3412, BERMEFTORRMEHOEIREL - = L — ¥ — O LR T, AFICRENIME
E)RIMRATHIEICE Y, MIEER T 2@ IcLEL MRS Hiid, EINIZ O
BETT,

EAREEL - - L — ¥V —IZ L ARBOWEICBVTIE, EEICTF OISR, BEHEEIEL
B, FRICESVTARY PVOBRBEELEL /NS 22O TEEMET T4, LA -T, K
11T, KEAMEAEHFFOBAEIIDOTHEET > 2HBE OV TEHELAHRERLTS
b,

COERIZEDE, SkmOEFEEELIK BREOME TRAYIETAHE, KEHEG
TR OR, SREHM T W THIENTERTH S,

ChIC, L—H—-L—¥—CIARREEEICR, S ridELRERTAATE AL -
Yo L—F—-FREFRATLHHELFREIATWE, KEOADIL, I HELICDVWTE




HAREEL —F— L — ¥ — 0BRSS

Strauch & (1971) 2 X DRFESI N HEE, EFBAL —HF— L - F—{IDWTIii, Kalshoven &
(198D DREESERLHIDOL —F— 3T 2408 LT, HEREDHE T2 £0
HBELSENUIREN TSN, BaMiL —F— L — ¥ —HR T HMICERES R Th 5 00y
WMTHa,

= 3 EOREREL—F- L — ¥ —OHiEom
Table 3  Specification of a HSRL system

Definition Syrbol Value
Energy/Pulse E (m]/Pulse) 20
Repetition rate m {1/sec) 25
Depth resolution £ (m) 30
Quantum efficiency (%) 30
PMT noise factor 2
Collection area A, (mz) 0.385
Efficiency of optics K 0.1
Geometric form factor Y, (%) 100
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A Differential Absorption Laser Radar System for Measurement of
Vertical Distribution of NO; in the Urban Atmosphere
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Abstract

The design and construction of a differential absorption laser radar (DIAL) system for
measuring the vertical distribution of NQz in the urban atmosphere are described. Two-
wavelength laser beams in the blue region generated by a dye laser pumped by Nd: YAG
laser are used as the light source for the DIAL measurement. The wavelengths are switched
alternately with the pulse repitition rate of 10pps. The minimum deteclable NO2 concentra-
tion (signal-to-noise ratio= 5) for the DIAL system is 10ppb for a 10 minute measurement.
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Table 1 Specitifation of the NOz DIAL system

Laser

Type . Nd : YAG pumped dye laser

( JK lasers HY750, Quanta—Ray PDL 1)
Output energy © 20m]/pulse
Wavelength I Aa=448.1nm
A y=446.6nm

Telescope

Type - Newtonian

Diameter . 50 cm

Focallength @ 1.2 m

Fietd of view . 0.7mrad
Filter

Type { Interference filter

Bandwidth . 1.5 nm
Photomuitiplier tube

Type . {Hamamatsu R329)
Transient recorder

Type . (Autnics SI21)

Clock rate . 20 MHz

Accuracy . 10 bits

t T T

VISIBILITY 20km
20}~ DAYTIME =]
10 min  AVERAGE

MINIMUM DETECTABLE NO; CONCENTRATION (S/N=5) (ppb)

0 L 1 " !

0 1 2 3
HEIGHT  (km)

1 DIAL ¥ A 7 & OTERE 7 B E R
Fig. 1 Calculated minimum detectable NO= concentaration
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Block diagram of the measurement control and data acquistion system
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Table 2 Functions of the microcomputer 2

(a) Control of the laser wavelength
* Generating pulses for the motor drive
* Reading signals from the position sensor
* Generating pulses for checking operation
(b} Control of the filter switch
' Generating pulses for the motor drive
* Reading Signals from the position sensor
* Generating pulses for checking operation
{c) Generating Lhe laser trigger pulses
{(d) Sending status signals to the microcomputer 1
- Status of the jaser wavelength (A, or A o)
* Alarm for ahbnormal operation
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Table 3 Functiens of the microcomputer 1

{a) Reading states signals from the microcomputer 2
{b) Reading data from the power monitor modules
{c) Control of the transient recorder

{d} Reading data from the transient recorder

(e) Writing data on the magnetic tape

(£) Displaying alarms
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Table 4 Software programs for the DIAL measurement

Program for the microcomputer 1 Operation mode of the microcomputer 2

{1) Program for the DIAL data DIAL mode
acquisition _

(2) Program for measuring absorption Scan mode

spectrum of the standard NO: cell
{3) Program for testing the power —

monitor modules
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Experimental Estimation of the Error Due to the Fluctuation of

Aerosol Backscattering in DIAL Measurements
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Abstract

The error in DIAL measurements caused by the fluctuation of aerosol backscattering
was quantitatively analized using the data of the NIES large scale lidar. The alternate, two
wavelength method with a 10 pps laser is sufficient for ground-based DIAL in the visible
region for measurements of pollutants in the atmospheric mixed layer.

1 Ui

E T AERR TEBTHIC ST ABERED NO, OEEBRA T HY &+ 25WIL — -
L%~ (DIAL) ¥ A7 L DORFEE T - TV b (REEFR LN -2) . KRLTEZOEREB DRI
5720 TAT o7z, DIAL #EOMEZEOEBMLFFMICOVWTE L O THRET S, 4512 DIAL 8l
B3 2 kEY Y BAORMERE L7 oy VIRESTHORMELD, S & U HREE DMRIZDWN

1. B aEWmAes ASREY 7305 FRAEiE mipar A gillek 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

2. ENAEMRER BT T305 MR EEA AT 163 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba, Ibaraki 305,
Japan.



LEE S PO

THWT 5. CORMBEIDWTREBIORI A - #719, 1985 ; Sugimoto &, 1985) T & i~/ 4%
R TIERNZEETITY, BENLE T A7 AIBTLIEBE0H O FELYE2 B,

2 X B

TTFTOSNVOEEC LD DIAL BIZORELFET A OICELAERRFTABL —¥F— 1L —
¥ — (j{EK G, 1982 Shimizu H, 1985) itk HlE LAz F—F 2R Lz, RBL—H—L—¥—
AW RED SN A<, TT7 O N OMEMIOEE Y ¢ BN A o LT
2510 THL, BFI ORI (B3 < 117, 1985 ; Sugimoto &, 1985) T~ FHEIZEW, KBIL —
Yo b e DER2nm KB B L~ HF— L - —FEDFNRFIDY 3 v b % DIAL ISHIFEIZE T
Bon, off MEFERA LTDIAL {2812 L RO TVIRECHET A 0083 L7,
S0t 1EROV-HF—VL ¥ —F -5 2Rl TWHDT, BERYOEL255, BEMNEK
BULREGTES A LA TEE, 12.5pp§ THIEL:F—%%nias FBEZon, off ME
FEARETIEIL D 2 HEUBRE ST SR R3¢,

3 EREEER
DIAL Bl BWTRERRO LS IZ3HH LD,

N(@®) = I[F (&) (1)

al
SO, L AEOHMSMIRE o ZEMRIER, FR), FRIEKO LI CERINT
Wi,

F(R) :fuﬂ(R)/fnn (R)
R =P (R+L) /P (R) {i=on, off) (2)

PRI =¥~ L — & —ZERGTH %o
RN (R) 1T BEER—RKDELTRD LI LK SN D,
(ANR)/NR))Z=[1/(2 o LNR P (AFR)/F(R))?

=C0n5t[(Af0n/fon)2+ (Afoff/fnff) ZFZ (Afml/fnn) (Afoff/foff)] (3 }

Fbt, NRIZHTAHEOREYRIHMBB~~DEAE AR OBCHBEEEIZ L - T
Fxhbd, UHOST#A - 74, 1985 ; Sugimote 5, 1985) I2 W oA OB F— # # HWwT
SHELAFR)OECHBMAEST S TWA, Z2TRAFR) OHSHBMEIIHER T LTt
HTERMLGEBET I, CCTRACHEEZERTHMS (AN 2 AXCTERT D,




T USRS SR L — ¥ — D%

S(AD =Afr® aflt—an/f {4)

F1lomt L mE%sAn O A= 0 DHFUNE b expl—a Al DB THEICL(EKBHTE
B LAt AM=00ESIEY a 0 P AA LB EDT VY ARBEEESYSINTNS,

5 T T [ T | T I
x1g™ R —
( 5)_ . af(t) af(t-at) ]
o) t?
4 -

S = b exp(-aat)

0 =0.095 sec”
b=4.0x107*

2+ —
9/26/85
vl R=08km |
L =02km
0
o]
o]
—t 1 1 1 1 L 1
0 0o 1 10 100

at (sec)

1 EBRMISRSIEES D6

Fig. 1  An example of the experimentally obtained § as a function of &

VAWALRMEEROMEF— oKkl a, b ODEOFERIICTLOTRT, E1PTL
FOUVERLESDRERORKBEREAOLY 0/ VT T 2R LHE, 0oL DI
BO—BITHs, “OERALEALLI L, L7 VVEHOBEAY — Vi ThoBa bR
URETHLY, THOEMERIEFIIRLLEVWIZETHL, 7R VOEE OB R 7 —
NABEHOREIRE L VW ORD UERTH LA, THIBRE ST 3/ OEBDOEE 2
=B L — = L= V- OB L T ALDTHLEELLNL, Tubh,
L—H— L — & —jil5E T I M MR AN T 2 K O 7 0 V)V A &3 L 7o b O
b, FECHECGHMTH L FTHREFOEEAr — VN EVEEILGNLOT, HORH
EENIZM AR OEEIL VI bHShTLEI LD L EZ NS,



BEMESL

# 1 wiahrMERIZBITLER b O

Table 1 Coefficients ¢ and b for several examples

a{sec™) b
aerosol 0.095 4.0x10"
light plume 0.10 3.5%10°
cloud 0.11 3.0
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Table 2 Specification of the NIES NO: DIAL system

Laser

ND . YAG pumped dye laser

Output energy © 20 mj/pulse

Wavelength - A ,,=448.1 nm

Aos=446.6 nm

Telescope

Diameter : 50 em
Transient recorder

Accuracy © 10 bits

Clock rate ! 50 ns

SQUARED ERRCR

| ] ]
Q 1 2 3
RANGE (km)

Bl 2 EWAERZER NO: DIAL ¥ 27 A BT A EEOF M
Fig. 2  Estimation of errors in the NIES NO: DIAL system
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Error Caused by Using a Constant Extinction/Backscattering Ratio
in the Laser Radar Solution
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Abstract

The Bernoulli solution of the laser radar equation with the assumption of a constant
extinction/backscattering ratio can lead to errors in the derived aerosol extinction and
backscattering profiles. This paper presents a general theoretical analysis of the errors that
result from differences between the assumed and actual extinction/backscattering ratio pro-
files. Examples of the influence of the constant extinction/backscatiering ratio assumption

on the iaser-radar derived aerosol extinction profile are presented for various laser
wavelengths.

1 Ui

P -HEL - L -y -5 o HEIERE, BHHERROEEN G GH L RO B0 OF
HHE L, REINTE/ (Collis & Russell, 1976), WL, Klett {1985) I EHEL/ S5 A — & (HEREK
EHR AR OR) EMOBEII s TYhWALEO L - - L - ¥ —HEXNO— &M 2@kt

*  AREFEOLEIL, Appl. Opt., 24, 3929—3932(1085) (25 L 7=,

1. BEAEMER KEURESE 7305 B FES HEE A 163 2
Atmospheric Environmental Division, the National Institute for Environmental Studies. Yatabe-machi, Tsuku-
ba, Ibaraki 305, Japan.

2. NASA Langley Research Center, Hampton, Virginia 23665, U. S. A.
3. SASC Technologies, Inc, Hampton, Virginia 23665, U. S. A.



RIS

Tt RRETEHE ST A - OEFHELRL s THZ 6hk 20B2IIBT2—KM%
BB oORTIRET L, KEL/YT A — 7 OEFERWICEL LTI rrbo P~z S
AT EOBEI SV TBFAHRBICEIVCERT 2 L 4412, 300nm, 600nm, 1064nm DiEE
HTAHEY I 2 b—2a VI WEEOBRRERHFIR LA,

2 B B
BHEAEHRESh L - H—L—F -5+ XR) ET5E, XRIERKTEENE,

X(R) =P[R
=CIB 1 R)+ Bo(®)]exp{— 2 [IT a1 () + az()lar} (1)

T, RIELV-—¥—L—¥ Lo PR)IZEESRE, CRL - HHNT7 -5
AT LAOER, B &« IERETHEEE, FRHERAR TS L, BF0 L1, 213, Thehc
Tavsh, EERGTIHAGRTAETHLEILERLTnA,

7O N, BEATFOFRENOKIL T 5 — ¥ RN TER SRS,

SRy =e (R B.1(R) {2)
=ay(R)/ B2k (3)

IIT, S —EETH S,
(1%~H)ﬁ#%,x@ﬂxxw;5u%waa

X(®) = S(R)[ @+ m)

Xexp{—zIf{al(r)+a2(r)]dr} {4)

B, BAML S AR MEIER Y LT, KRATy®) £EHL, (DRIAATHE
yi) = a2 )+ o),
SUR) X Bexp{— 2 (25— 1] az)ar}
=cﬂmem[—zﬁthd {5)

B 5o
(5)RX?DI & S R)AEZ BN, Tl e;(R)VHELLAEBNDLVIIRFETVNLLGZ OH

wit, it TR EL S,




L —F— L ¥ —HEXMOHEL YT A — ¢ &R

(5YHOMANHEEP LY, EHR IZOVTHGTLE

d 1n(‘[s1 (R) X (R) ] exp {—2 X:[%%’u) - 1] o, (r) d,,})
iR

_ 1 dy(R)
Ty iR

—2y(R) (6)

L, ThiE, EBAZERNIIELTSE S R) LEREEOE TERE SR TV AL Klett
(1B DERTO(TIFXEFBROTE R TV E, NN A FHRRLELTHLER TV (6) X TR
< ERARATIC

Si1(R)
S

g{R)+ a(R)

siRX(RIexo{-2f; P10~ 1]as(nar }

%o

, (7)
S‘(R“S)i{éR)“) ~2ff Sl(r)X(r)exp{—-ZE [S—‘S(’ )—1]a2(r')dr’} dr
a(Re)+ ng Va3 (Ry) 0 o ¢
#3h, ZIT, BREKELT
yiR) = )+ T oy
2
E5 2700 SEREAREREICE T B
BU(R)+BAR)
x(Ryexp{-2[ [8:(r=S:184rar }
- (8)

X(Ro)
F1(Re)+3:(Ra>

-2f; SNX () exp{~ zf;c [S:7' Y-S 87 Ydr' } dr

e,

BoOFR(7)(8)4F, a7 4 — FH =M OMEE L TRSEILEIh WA I 2RV,
Fernald (1984) 0 5. % 72—+ 5, TOHEFEE TS ¥, Fernald (1984) DEAER T A £ — 4
BROLHIIBESRL, Thbb, WEEARER

A, 1= 1)= 15 0— 1) =8z B2I— 1)+ [S, () —52] B2 (D} AR (9)



il gAY

L), BEERI-1)IIBUILB(7THE)RIMELT, #hEhn

a{I—1)+ Sl(g: D ai—1)
- Si(/-DXU= DexplA, I—1)]
1(1)()?)1) HSUDXN+STI-DX(I-1)expl AL I-1))}AR
&, (F)+ éz @)

AlI=1)+a(I-1)

XU~ Dexpl AL I-1)]
HEDHX{DAS(T- 1) X (- expl A(L, - 1)]}AR

XD (10)

B+
Thbe THEHFRIAS— A THAN, WHBSAF - A0V THRIRIZESN B, Hil
FEROE—THIL, FHOZGAT » ST EOEREMGIZCHIE L TWE,

BT, L—W— b= ¥ (52 ORI B THE ST A — 5 DML BRT 5 - kO
BrRNLEMNT, BEYETHOLERYENTZ, 24 Klew {1981}, Braun (1985) O A
DEBTHY, ZRATONREZOILDTHD, ZoT, ElAETHDHII ~ #FvbC b
CEBE, (5)RLD

Sl (r -

81 (R)X(R exp{—- 2_‘7? ] a z(r)dr}

——Cy(R exp— ZI (f)dr (11}
BB, ZIT, X, 4l ThMEREA EARD B LR ERLTEME Y, ay & LT
Tukb,

6=5,/S1, E=X/X, 6= ay/a, T=y/ykEBTLE, (5), U)RAILAXEEL,

o () € @exp(— 2 [fio 06 01— 1150 3,09

P y SZ 2
~[6 0~ 11 a:0)}ar)
=7 Wexp{—2 {17 = 113()ar} (12

o, (12VROELRCoWTHE T LY, Mo vy T ok



L —H— L — ¥ - HERBOMEL 17 4 — 7 {KTEH

1 d7 - e &) g sty (5—1)a, (13)

7 ag DT LT

e, JHE(6)RNERRTSH ) MBICHTT, ROBIMEONS,

7(R)=

[ ewt-2ff {y(r)+(c(r)5(r) 1-SLn S’(’) &3 1) ) | dr TCRIECRY CoCRYEC RN

1()A

I:U:;(Ro) ZI y(r) exp[— ZI {y(r)+(a(r)6(r) ) afr)—(8(r)— 1)“2(’)}0'7_]0(7)5(?’) I(G(Ro)f(l?o))df]

(14)

S1RY ORI, BEOE IS ESEFERTE LA, ROL D LEFRLER TR~
b, SO&EADEHE{EINT

o (R)

TR =17 (Ro)m

hiwvit, 7, e A bHAEETE

S« R) S1(Re)
dl(R)+S—az(R) —Ct1(Ro)+ S &a(Ro) §1(R) tgl(RO) (15)
1(1i>>+——SS‘("” (R 1(R0>+81(R°)‘<R0> SR T SiRo)

Ehdt, 7270, TRTORIZHLTERI =1 EREL:, S5, EROTOHISEMHTEN
o, KX E#AE,

a (R} _ a,(Ry) (S (R) ,5 (Ry) 16
&1(R) a1(Ry) [SI(R)/S (Rg) ] as)

hps, BRERCBITAITO VNI L AEEEEIL, $1(R)/S: R [S1{R)/S1(R)] TH it
BT B LR B, RIS S EEEAND (SR =S R IET A E, @ (R)iE S (RIS
B4 s,

BWEOELIEL (WY ANS & (1)), HPMIE AT 42 5 100 TR EEATUR L T

UL, BERESOEY), LPLooBaizd, QOXASHLrR LS IHEL/ T A-FD
Lo (R)/ o RO LTRD 70 7 7 4 Mid b b, BENERTEL L) RGE, KR




HHFELS

FRESREE S (R ICEMBTH S, RFWESHREVE ZITE 0 (R)/ ¢ (Ro) FBIERET S,

I BEYIai-L—Yar0EEid

1S, WAl 7 2 — 5 OZEEEL A EH LAROME 4 B~L-00OMBEY I 2l —Ya 20
HEOWER LA, 273V LOSHIERAT » Z7RIZEOES 5.2, AOMEL/ ST A — 7 2 HR
L72& 951240, 80&EFNAL L7 WFDREL DML, T7O0/LOEFLIGLE—ED
ERATAHICHTE L —F— L — ¥ —%EE5 K (1) BB HRERS T Th D, %HE
fEr i MERE TRV EEL, ZRSTOSRITRICALATVALDE LT,
TR WA R IZ300, 600, 1064nm T, Z SIS T B 2L 5T O M EUREI0.145X10 ),
0.815X10 °m !, 0.807X10 °m ' TH 2,

B1OHKEOLED DS M#E, S1=608B1izbo, oo 5=40, 80k By
THRERTH D, Ihd, JMREME R=1500m TELLHZ, BHECL VBT RO,

(BRI L, S IC—EHZRALL L EOBEZEESFICHGETAHYALTOA S, O
BEXiTd, Lo T, $1=40, 60, 80& L7: & & DfE300nm 265+ HBO B ORI, %24
DTTORBETLHEDKEZEDRVICERAL TV, HEA1064nm DBAITIE, EFLVTHELOR
RERDFOHEBRBR, =70 L ONBRRICHSTERTE A ENESw, 20420, 38
SRR, H2E R=1000m (25T 51 (R) A 245124 o TV ADITHIE LT3 Oft &
o TWwh, Zhid, iR T AV CHM L MELBE0O®HBII—T LT,

LS (=60) xAIV:A-Zom4 — 2 (E, 300um, 600nm, 1064nm) D OREIEZEEGTFO
He 7o/ VERRBDHOMTHN L K E SOEOGIEEL TV D, FES00m DRAIIBWT,

e
o

= 10f —
w

L

8 MODEL DISTRIBUTION

<

z SYMBOL  WAWE LENGTH S,

5 o] 300 nm

z & 600 om €0

- osf o 1064 nm _
m [} 300 nm 80

[} 300 nm 40

=

[l

&0

Q

i

w

<

o] 500 1000 1300 2000
RANGE (m)

B 1 L7 NEEREDET NG L BB
B GR L EEREIS00m TIEL { 52, #AESC L bR,
Fig. 1  Reconstructed profiles of aerosol extinetion coefficient.

Beundary conditions were correctly given at 1500m, and the backward integration was applied.
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Abstract

The feasibility of deriving aerosol size distribution from aerosol volume extinction and
backscattering coefficient measurements by multi-wavelength laser radar is numerically in-
verstigated. The present study employs the martix inversion with the first order B-spline

as basis function to approximate aerosol size distribution; this function gives better approx-
imation of the size distribution than the conventional histograms. The four wavelengths,
0.347, 0.532, 0.694, and 1.064 gm, are used in the simulation. The results of the numerical
simulations show, 1)ihe effects of round-off errors in the numerical caleulation is negligi-
ble and approximation errors of the size distribution by B-spline function is small, 2)the
reconstruction errars of size distributions at their peaks are about twice as large as the re-
lative measurement errors when the Lagrange multipliers, which express the degree of
smoothing the size distribution, are suitably chosen, 3 )the variation in the complex refrac-
tive indices of aerosols due to humidity change does not produce large errors in the size
distributions. The identification of aerosol types using multi-wavelength laser radar is use-
ful for determination of the Lagrange multipliers and estimation of the complex refractive
indices of aerosols.
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Table 1 Dependence of the errors in size distributions on the measurement errors
and Lagrange multiplilers
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1% 0.052 - 1.9 £ 1.8
Ya 5% 0.404 — 6.1 6.7
10% 0.850 — 9.2 + 10.9
1% 0,132 — 3.3+ 1.6
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10% 4.534 —19.2 £ 5.6
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Table 2 The dependence of the complex refractive indices on the relative humidities
measured using polar nephelometer in Sendai.

RH and RH indicate the relative humidities and their mean values for each humidity
groups, “cases” shows the number of measurements, » and k the real and imaginary parts
. of the refractive and indices of aerosols.

RH 3] cases n k
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0.8 — 0.9 0.85 41 1.471 0.010
0.9 — 1.0 0.93 27 1.453 0.0091
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Dotted lines indicate real size distributions and selid lines are those given as solutions.
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Vertical Distribution of Atmospheric Pollutants
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Abstract

The chemical compounds in the suspended particles and gases were continuously deter-
mined at the various heights of the Meteorological Observation Tower of Meteorological Re-
search Institute in various seasons. The coneentration of the suspended particles near the
ground was found to be influenced by the atmospheric stability, which imposed major effect
on the seasonal variation of the concentration of the suspended particles. [t was found to be
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useful to know the vertical distribution of the chemical compounds of the suspended parti-
cles for elucidation of sources of them. Discussions were done on their sources and the
meteorological conditions to explain the typical distributions.
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Fig. 2  The temperature and the concentration of suspended particles shown by
isopleths during December 14-28, 1983
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Fig. 4 The temperature and the concentration of suspended particles shown by
isopleths during October 22—31, 1984
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Table 1 Percentage contribution to total suspended particles from each main cOmpo-
nent calculated with CMB method

Sampling Stage Soil Marine Iron-and Refuse Fuel oil Gssoline
Period & aerosols  steel ind, incineration combution  automobile
Dec.13 Im 9.6 0.5 1.7 3.4 1.6 1.6

j 62m 10.3 1.1 2.0 3.6 2.3 1.6

76, 125m 8.3 1.7 2.5 4.6 2.0 0.4
1983 175m 13.2 2.3 2.6 3.0 2.1 1.9
May 30 Im 15.3 7.1 1.1 1.0 1.8 0.5

{ 62m 10.3 8.3 1.0 2.3 1.4 G.G
June 11, 125m 16.8 7.9 1.3 1.5 1.7 0.3
1984 175m 10.7 10,2 1.4 1.3 1.6 0.3
QOct.22 Im 10.6 1.5 1.2 3.6 1,1 0.4

§ 62m 12,0 1.6 1.5 4.2 1.4 0.4

31, 125m 12.0 4.3 2.9 2.6 1.5 0.8
1984 17bm 11.3 4.7 2.9 2.1 1.4 d.9
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£ 2 CMBEIC L) KDHLBERERES S DEEES (ngn )
Table 2 Mass contribution (ngm_s) of chroride from each source, and observation
height and period

Contributions from compenents (ngm "} Total conc. {ngm™3)
Sampling  Stage Soil Marine  lron-and Refuse Fuel oil Gssoline  Predicted Observed
Period aerpsols  steel ind. incineration combution automobile
Dec.12 1m 0 113 25 407 1 548 3400
§ 62m 0 181 21 357 1 1 561 2400
26, 125m 0 251 23 290 1 1 566 1800
1983 175m 0 289 20 186 0 1 496 1300
May 30 1m 0 977 9 68 0 0 1054 440
§ 62m 0 1051 8 143 0 0 1202 480
June 11, 125m 0 a57 10 89 0 0 1056 500
1984 175m 0 1179 10 74 0 0 1263 500
Oct.22 1m 0 350 18 421 0 0 789 1400
{ H2m ] 463 23 504 ¢ 0 99¢ 923
31, 125m 0 844 35 254 0 1 1134 410
1984 175m 0 893 34 194 0 1 1121 470

JFMAMJJASOND

e----o >18um

o—o <1.5um

B 11 LB HBRHETCHARY 2 — AT T~ 75—l WEshizL7
IV - DIE E DR D E AL
AALERIZL6 um T ORAK T OSERICED 284 (%), BAMREI8an Mo
KETF-O4ERI o o84,

Fig.11 Particle size distribution of chloride in the suspended particles collected at
Im during 1982

Solid line with open circles shows the percent distribution in the smallest particles (<. 1.6 gem) .
The dotied line with solid circles shows that of the larger particles (> 18 pm} .
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Table 3 Correlation coefficients among the concentration of ozone at three sampling

heights
Sampling Period Sampling Period
Oct. 22 ~ 31, 1984 July 15 — 24, 1985
03 87m O3 175m 03 91m O3 195m
0a Om  0.429 G.380 Os Om  0.954 0.950
O3 B7m 0.797 0s 91m 0.973
, Y= .733519 X+ 3.74516
A= ,949406

03 Om

12 #MRAGEOF > L LRE195m O+ v > & O (19859E74)
Fig.12 Correlation between ozone at 1m and 195m during July 14-24. 1985
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Fig.13 Correlation between ozone at 1m and 175m during October 22-31, 1984
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Enhancement of Laser Radar Images Based on Optimization of

a Generalized Histogram Entropy
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Abstract

The image enhancement problem is formulated as an optimization of generalized en-
tropy of the histogram of an image relative to a class of piecewise linear transformations.
The present method is a generalization of the previous method of optimization based on the
histogram entropy criterion proposed by the authors. A criterion of an entropy type is in-
troduced in which a desirable histogram of a general shape is assumed so that the histo-
gram of an image should be adapted to the desirable one. Moreover the present criterion is
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proved to be an almost unique choice in a class of criteria which have the form of entropy
of various fnnctions defined on the histogram for the purpose of the image enhancement by
the piecewise linear histogram transformations. Several images by a laser radar are proces-
sed: results by the present method with a hyperbolic histogram which is assumed in the
criterion and those by the previous method of the maximization of histogram entropy are

compared,
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Fig. 1 Relation between the desired histogram f; and a compensating histogram m;
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Fig. 3 Histogram of the original signals of the image in Fig. 2 when they are quan-
tized to 256 levels of equal intervals
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Fig. 4 The result of the histogram flattening applied to the original image in Fig. 2

EVES, B 6 0T HICH LN DBIBERGE, KAEAE TR, KABRORELIES BTE R/ ST A —
5 & LTHSRTVS (Pasquill, 1974), KEE TR 2 EHEE TR, REBOMBELELL2 DL
FEEL BIHO—D &% 2T b,

—110—



H 5
Fig. 5

b—HF b -y — g OHHE

B 2 OEMHEIC Hic) % 04 W2 B TRl k LClial L7z ks A
The result of max f(c) with € C2, applied to the original image in Fig. 2
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The result of max H,(c) withce €4, applied to the original image in Fig. 2
The histogram f is defined by (3}
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A Classification Method of Remotely Sensed Multispectral Data
by Use of the Exploratory Selected Multi-level Thresholds
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Abstract

Proposed a classification method effective to discriminate the several areas from re-
motely sensed data whose speciral features of the data are similar one another, such as the
classification of the vegetation.

This method is one of the supervised classification methods using parallelepiped classi-
fier, and the thresholds are selected exploratory by the analyst.

The thresholds may be reselected when the classified results are not suitable.

The easily classifiable pixels are discriminated by using a single band data at first.
and the remains are discriminated by using multiband data.

The unclassified pixels may be reasonably remaind in the results by the method pro-
posed here.

Multiband data obtained by aircraft over the vegetative hill area in September (before
defoliation) were classified by the method into three categories: evergreen tree, deciduous
tree, and shadow. And the results were similar to the pattern in the aerial photograph
obtained in December (after defoliation).
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Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi, Tsuku-
ba, Tharaki 305, Japan.
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Fig. 1 Box-and-whisker display of the distribution of the single band data
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ZF WIS L B MSS 7 — ¥ ORI 4 48Tk

B 2 A RIAMOMES (9, &)
Fig. 2  Aerial photograph of the classification area
(September, before defoliation)

3 SEMREROMZETE (120, i)
Fig. 3  Aerial photograph of the classification area
(December, after defoliation)

M 4 HEONRET— 8O3 5 FERMTG
(iff :B.3, #:B.4, RIB.T)L
TRA(H 1 ~#10, =) FHEEE AT —k
DRI 6 BH) O

Fig. 4  Real color display of the data

(Blue : B. 3, Green : B. 4, Red : B. 7), and selected
training areas $1—#10 (cf. Fig. 6)
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Fig. 5 Box-and-whisker display of the data in B.1 for each training area
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Fig. § Example of the box-and-whisker display for each training area, and the deci-
sion of the thresholds (L1, L2) in B.11
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Fig. 7 Example of the scattergram of the data in the Training Areas (B8 and B.11),

and the decision of the thresholds

(1 : Deciduous tree, 2 : Evergreen tree, 3 : Shadow, O, X, % : Overlapped data among the
different categories)

{a) Scattergram of all of the training data

{b) Unclassified training data after STEP 1, and the example of the thresholds (L3, L4}

{c) Scattergram of the unclassified training data after STEP 2
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BEN-EFEOBRERT, HIOOMO LEOKRSFH TRA ODEERY, FTEROKEIUEOLSH
BB 2EERERT,

i
8 STEP1 iIBITASERE
B B, RIKE DHEE, 8RR EEN, Be kSR W ETEREES
Fig. 8  Classification result after STEP 1

White : Shadow, Light-gray : Evergreen tree, Dark-gray : Deciduous tree, Black : Unclassified,
™ : Steel tower of the power-Lransmission line.

9 STEP1 BUFSTEP 2 IZk 2484
B o Be, IR R, BKE D EEE, DA ckO0E T SERRAER
Fig. 9 Classification result after STEP 1 and STEP 2

White : Shadow, Light-gray : Evergreen tree, Dark-gray : Deciduous tree, Black : Unclassi-
fied, w4 : Steel tower of the power.transmission line.
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Fig.10 Diagram of the calssification algorithm used here to the data shown in Fig.2
and Fig.4
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Table 1  Classification results (pixels) for training area by using the multi-level

thresholds
# 5 T) — SR ()
SR | AW Eatt )| B | koM
% 154 9 25
188
168 11 9
e 2 238 37
. ﬁ 277
3 254 20
4
B | 145 > 9l
54 91

LEOXE : STEP1 FTOHE
TEOHE  STEP2 I TOHF

% 2 M-I HI) T (TRAVIH T L EHMETEER (BET)

Table 2 Classificaiton results (%) for training area by using the multi-level

thresholds
o= SRR (%)
cEES | wes | want | B | ko8
% 82 5 13
188
89 6 5
H 1 86 13
% 277
1 92 7
a7 63
iy 145
37 63

EBROKT  STEP] T TO#R
TBROME : STEPZ T TORA
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I-9 52 K4y b MSST—HIC&3EEMBOMERIHE
An Interactive Classification of Vegetation
by Using LANDSAT MSS Data

BHLZ - BRED - EEIEAS
Tomoyuki HAKAMATA', Tatsuya YOKOTA? and Shota HIROSAKI®

E F

S 2 Ay b MSS Fo i BRSNS, BRSSO L 2R TR T A,
SPEICHM R BH OBV AR TERGOEAMA, ERMLKSE (1.0 L2bLEN
bb, BEEWTO6 ML EEL, MSSOEF+ A X EWE,LSLbERTT—
IO EERSSNET Yy, 1, 3, 4, 5, 10, 128 @ 6 W05 S0 #& LS %
BELL, FPOEE, Hi(E3)260b3-4MO7— 82T, $3XNTF
TR DR EEHTE, FHHEOSTRTHADLHRI ML S i, BohiE
BsrA I 72 HH LT, FENT— yFNICE S ELBMERER S amESHETY, B
FOHEILIL~HBEORVGHERTE .

Abstract

Principal component analysis is useful to summarize multiseasonal data of the LAND-
SAT MSS (Multispectral scanner) to classify vegetation. It is valuable for the eigenvalue
of principal component which represents seasonal difference of vegetatinal reflectance to be
larger than unity. The six fields in the western part of Saitama prefecture and six months
{(January, March, April, May, October and December) were selected to analyze the MSS
data by using an interactive computer software. The first three components could involve
more than 80% of the information derived from less than four data-sets of spring and fali
(or winter}. These emphasized successfully the seasonal difference of vegetation. The main
vegetations could be more accurately classfied by using the principal component scores and
the exploratory multi-threshold method than the former method.

L. FXA#AS KSR 7305 SRV SN H A /NBF 1 164 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi. Tsuku-
ba, Ibaraki 305, Japan.

2. ESTAERRGERE BHERTRE 705 HBUSLNLTIE mEREINE N6 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi, Tsuku-
ba, Ebaraki 305, Japan.
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Chichibu district and the training area

Results of every tables were gained from the data on the hatched area. Left, right and lower
boader line show the edges of the LANDSAT data cut out for the study.
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Table 1 Results of principal component analysis of LANDSAT MSS images for a
rectangular part near Hannou-city (128 pixels X 90 lines, Starting point :
10th pixel, 901st line) in Chichibu district

componens ! 2 3o 2 3
Eigen value 8.90 2.82 1.60 - - -
Contribution (%)  55.6 17.6 10.0 - - —
Facior loadings Eigen vectors
Band 4 °* .87 -.25 -1 .29 -.15 -.09
fan. Band 5 .91 -.22 -.07 .30 -.13 -.06
Band 6 .71 .44 -.34 .23 .26 -.27
Band 7 .54 .62 -.32 .18 .37 -.26
Band ¢ .86 -.35 .04 .29 -.21 .03
Apr. Band 5 .87 -.38 .03 .29 -.22 .02
Band 6 .81 .26 .24 .27 15 .19
Band 7 .61 .52 .32 .21 .31 .26
Band 4 .78 -.46 A .28 Al .09
May Band 5 .78 -.51 .04 .26 -.3 .03
Band 6 .64 .28 .63 .22 17 .50
Band 7 .43 .49 .68 .14 .29 .54
Band 4 .81 -.26 -.17 .27 -.15 -.13
Dec. Band 5 .88 -.22 -.11 .29 -.13 -.09
Band 6 .67 .46 -.38 .23 .28 .30
Band 7 .53 .64 -.36 .18 .38 -.2%

WERERE (1, 4, 5, 10, 128 %2) B 1 ERSIES A2R(BADTAT S FIgET
B0, SHOWBRE 2 ERFIBRTVL, EIXZFTFE4ALI0AL0E, F4ERGIEA2
AOENRYFESAOTHE) L (1, 4 AOTHE) LOBERLTwA, HBEERFTEIELLT
5 HOEFNEE T EOELRTH, 8512108 DERAERE 1 AOTRENEREN TS R,
A FADHEE TN -TVa, SOXA, 4, S ERFRAFEIELERL.ZL, 1.10&
MEVEE, HBARELSLOT, EROSHFHLLTEELIICwEEZLN S,

WHELTE (4, 5, 108, %3) 22T, WY o ) LFHMHERTRLIIEELONRIS,
5, WAOF—#+ty b&Ey 77 v 7LTERGFITEM L, 3 EMF T TRR2OBRE
FELTEY, $1EHHE5 AOKRCTREOERID 2V, EAOEATIFELTL,
82 FRSIT5 H OB (B TS, FIEMFR4ALW0ALOETHL, F4 WML
BIDEOERERLN S HORFRARETHEBEDEERL, H2ERTEHATLHELY DM
M AEOTERMAIME SR L%, BERMA0.96TH VAL HREIFTAE V.

R (4, 10H ;% 4)F2, 3OFEEPS5AL4, WWALERAY I HICRED LS
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Table 2 Results of principal component analysis of LANDSAT MSS images of five
seasons for a rectangular part near Minano-town (128 pixels X 90 lines,
Starting point : 301st pixel, 501st line) in Chichibu district

components ! 2 ! ; ;
Eigen value 10,21 3.23 1.69 1.21 1.10
Contribution{%)  60.5 16.2 8.5 6.1 5.5
Factor loadings
Band 4 .73 .24 -.03 -.35 -.37
Jan. Band 5 .83 .18 -.09 -.27 -.28
Band 6 .89 -.09 -7 -.02 -.21
Band 7 .87 -, 14 -.19 .M -.17
Band 4 .66 .22 .56 -.23 -.00
Apr. Band b .65 .39 .45 -.31 -.03
Band 6 .76 -.02 .48 .04 .02
Band 7 .76 -.01 .44 .07 .02
Band 4 .10 .84 -.23 .32 =27
May Band 5 L1 .80 -.22 .30 -.38
Band 6 .25 .8 -.03 .06 .42
Band 7 .26 N -.00 .03 .52
Band 4 .80 -.16 -.29 -.18 13
Oct. Band 5 .80 .00 =37 -.23 .05
Band 6 .83 -.15 -.38 -1 .24
Band 7 .82 -.14 -.40 -.11 .26
Band 4 Ve -.18 17 .32 .07
Dec. Band & .84 -.09 11 .27 .06
Band 6 .82 -.28 .03 .43 -.00
Bard 7 .81 -.29 .01 .44 -.00

ZAHRDBOT, 4, WWAOF =¥ty MIOWTHEEMAZ, 1 FRSEITEHOELTEFE
i, B2 ERTRBAOELR L, BEESLOALOFEHESEIIETT, 4 AOTHBEE
FHEEE OERRLAE S ERREAEL0GIEE o, UL, 2B LoF-F%
PESR LT EW T CEL R IT - o856, 1 OBEOL H IR L AR LY, B1E
ﬁﬁ®2&5§$ﬁﬁﬂﬁwf%Zi&ﬁtﬁh%ltﬁLﬁLw%6®ﬁ,%@lﬁ&%ﬁmm
Bhug, K4ERSEREETA LT,

AIETER(L, 3, 4, 5, 10, 128 &5 )1 ERGHEXTIFHETHY, H2XE
Hisriz, 4, 5AE12, 1 AORRMBEDEFRLTVD, 3 EH5E 3 H L12A DRI
EOEET LTV A, ‘
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Table 3 Results of principal component analysis of LANDSAT MSS images of
three seasons for a rectangular part mear Minano-town (128 pixels X 90
tines) in Chichibu distriet

Principal 1 2 3 4
components
Eigen value 5.36 2.92 1.61 0.96
Contribution{%)  44.7 24.3 13.4 8.0
Factor loadings
Band 4 .74 .05 .53 -.04
Band § .73 .20 .44 .03
Apr.
Band 6 .78 -.16 A7 -.14
Band 7 .76 -.16 44 -.13
Band 4 .22 .85 -.21 -.41
Band 5 .20 .81 -.19 -.51
May
Band 6 .42 .78 -.07 .42
Band 7 .43 .70 -.04 .54
Band 4 .80 -.33 -.33 -.07
Band & .81 -.19 -.40 -.10
Oct.
Band 6 .82 -.32 -.42 .06
Band 7 .80 -.30 -.44 .09

# 4 BCHGBRWILRREOEREEG 2RWO S » FY o FEEOERS S
HERA28BE 7N X907 1 )

Table 4  Results of principal component analysis of LANDSAT MSS images of two
seasons for a rectangular part near Minano-town (128 pixels X 90 lines)
in Chichibu district

Principal 1 P 3

{omponents

Eigen value 5.13 1.67 0.65

Contribution (%) 64.1 20.9 8.1

Factor loadings

Band 4 .73 .57 .27
Band 5 .69 .51 .45

Apr,
Band 6 .81 .44 -.36
Band 7 .79 .40 -.43
Band 4 .85 -.37 .04

Oct. Band 5 .83 -.39 .21
Band 6 .86 -.46 -.05
Band 7 B4 -.48 -.04
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Table 5  Results of principal component analysis of LANDSAT MSS images for a
square part around Ogawa-town (The first 20,000 pixels of 256 pixels
XK 79 lines, Starting point : 1st pixel, 501st line) in Chichibu district

Principal

1 2 3
cOmponents
Eigen value 17.66 1.79 1.24
Contribution (%)  73.6 7.5 5.2
Factor loadings
Band 4 .85 -.03 .06
Band 5 .88 -.16 -.02
Jan.
Band 6 .88 -.31 -.08
Band 7 .84 -.37 -.11
Band 4 .81 -.08 .48
Band 5 .81 -.22 .48
Mar.
Band 6 .83 -.20 A6
Band 7 .81 -.25 .44
Band 4 .86 et -.05
Band 5 .87 .35 -.02
Apr.
Band 6 .80 .30 -.05
Band 7 .89 .24 -.08
Band 4 .85 .43 .05
Band 5 .83 .34 .04
May
Band 6 .82 46 .05
Band 7 .81 .42 .01
Band 4 .90 -.10 -.1
Oct. Band 5 .90 -.15 -.09
Band 6 .89 -.23 -.17
Band 7 .87 -.28 -.21
Band 4 .87 10 -.15
Band 5 .90 -.07 -.23
Dec.
Band 6 .88 -.19 -.26
Band 7 .82 -.30 -3

3. 2, 2 #EFrEETHRRICOVTORE

MR WKIE R FEONR L TAG G, THEATH OO EBA T O L U EIECHiE 55
A AERVA, LR AT ERESN LERAN TR 2D, 40, BEto o84 L 22 Eigss
B EREER) OSEIZEE 0,244 X1 226BF) # £iZ, BBUREISHALERI GLhE
MEWELT LTV 5, #0135 SHISIIEWTR, HEMRGWBETERS A 27 2%k, 20
A S TEBRSEDLVEVWEROGTET I JLABENTH L, THIAITERDL-DOH
HELT, BEERPOSEESORGEITLELRT LD AL 0N 5, LTI 3 ki ow
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Table 6 Results of principal component analysis of LANDSAT MSS images for a
rectangular part near Ryokami-san (220 pixels X 50 lines,Starting point
:1,001st pixel, 50tst line) in Chichibu district

Principal 1 2 3
components
Eigen value 16.87 2.80 1.33
Contribution{%) 70.3 11.7 5.5
Factor loadings
Band 4 .87 -.36 -1
Band 5 .86 -.08 -.41
Jan.
Band 6 .81 .34 -.37
Baand 7 .87 .08 .04
Band 4 .86 -.41 -.07
Band 5 .85 -.22 -.36
Mar.
Band 6 .88 .30 -.27
Band 7 .89 -.00 .16
Band 4 .86 -.40 17
Band 5 .90 -.23 -.14
Apr.
Band 6 .85 .45 -.07
Band 7 .83 .30 .30
Band 4 .80 -.41 .20
Band 5 .80 -.44 -.10
May
Band 6 74 .60 .01
Band 7 .64 .59 .35
Band 4 .83 -.38 .23
Oct. Band 5 .89 -.18 -.10
Band 6 .82 45 -.08
Band 7 .81 17 .36
Band 4 .90 -.22 .15
Band S .93 -.05 -.06
Dec.
Band 6 .81 .44 -4
Band 7 77 -.09 .46
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TARLTVED, EROFEVSELTWALELLAL,

ERAET A &5 ZHUL L A C MR (K 8) -85 1 B o-id, BATEEY, HF2UTOEM
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Table 7  Results of principal component analysis of LANDSAT MSS images for a
band area of a western part of Ogawa-town (1,200 pixels X 10 lines,
Starting point : 10th pixel, 501st line} in Chichibu district

Principal
1 2 3 4
components
Eigen value 14.06 2.H 2.03 1.19
Contribution (%) 58.6 12.3 8.5 5.0
Factor toadings
Band 4 .79 -.16 27 -.24
“Jan Band 5 .85 -.06 .22 -.23
" Band 6 .83 .35 -.09 -.13
Band 7 .74 .51 -.13 -.11
Band 4 .84 -.36 -.01 -.19
Band 5 B4 -.29 - .07 -.27
Mar.
Band 6 .84 .16 -.15 -.21
Band 7 .74 .36 ~.12 -.22
Band 4 .83 -.43 .05 17
Band 5 .81 -.38 .28 .06
Apr.
Band 6 .84 .03 -.00 .38
Band 7 .76 .23 .03 .40
Band 4 77 -.42 .22 1
Band 5 .74 -.h2 12 .05
May
Band. 6 .36 .33 .83 1
Band 7 .24 .46 .82 10
Band 4 .81 -.28 -.26 -.09
Band 5 .84 -.25 -.11 -.20
Oct.
Band 6 ) .43 -.08 -.23
Band 7 .65 .57 -.02 -.26
Band 4 .83 -.21 -.21 .25
Band % .87 -.07 -.10 .22
Dec.
Band 6 .78 .32 -.32 .31
Band 7 70 .45 -3t .30
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Table 8 Results of principal component analysis of LANDSAT MSS images for a
band area of a western part of Morovama-town, (1,200 pixels X 10 lines,
Starting point : 10th pixel, 801st line} in Chichibu district

Principal

components 1 2 3 4 5 6 1 2 3
Eigen value 12.72 Z2.80 2.03 1.76 1.38 (.89 - - -
Contribution (%) 53.0 11.7 8.5 7.3 5.8 3.7 — - -
Factor loadings Eigen vectors
Band 4 .76 .08 .19 - 11 -.16 .52 .214 050 .130
Jan. Band 5 .84 .05 .17 -.12 -.12 .45 234 032 120
Band 6 .85 -.38 1 .02 .09 .26 237 -.230 .080
Band 7 78 -.48 15 06 11 22 L2190 -.287 102
Band 4 77 .22 .02 -.,32 -.32 -.08 216 134 M1
Mar Band 5 .78 iy .06 .33 -3 -.03 218 141 044
Band 6 .80 -.35 .08 -.16 -.26 -.22 223 -.207 .054
Band 7 .73 -.46 .15 -.11 -.25 -.22 204 - 274 106
Band 4 77 .36 -.12 -.28 .09 -.14 217 217 -, 087
Band 5 .74 .42 {8 -.32 -.03 -.05 209 .253 057
AP Band 6 81 -1 a3 -2 6 .27 227 -.a23 0%
Band 7 .75 -.33 .25 -.23 L4 -.25 L2100 -.200 178
Band 4 .62 61 -.00 .24 17 -.04 RYE 364 -.001
May Band 5 .72 .54 -.02 -.06 .05 .03 L202 .321  -.016
Band 6 44 A1 .68 47 .00 -.10 094 242 480
Band 7 .26 .28 .76 .48 -.02 -.13 072 167 532
Band 4 67 .20 -.56 .29 -.00 -.10 .187 L1190 -.395
Oct. Band 5 .73 .18 -.47 .24 -.23 -.02 .204 L1050 -.328
Band © 6% -.25 -.26 AR -.32 -.05 1932 -.148 - 1B6
Band 7 .63 -.31 -.15 .20 -.39 -.02 175 -.185 0 - 107
Band 4 .76 .25 -.30 10 .36 -.02 214 .149  -.213
Dec. Band 5 .84 .20 -.18 02 .30 .05 236 122 -125
Band 6 .79 -.33 -.05 L1 .43 -.01 222 -.195  -.037
Band 7 .74 -.41 .03 .13 .43 01 206 -.247 020
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Fig. 3  Classification of vegetation by using the data of Table 1
Green : Sugi-Hinoki-Sawara artificial forest, Yellow : Konara-Kuri forest. Blue : Akamatu
forest, Red : Short grass type vegetation, Brown : Human habitat with vegetation, Right
grey : Urban part or quarry etc., Dark blue : Open water. Black : Others.

B 4 fEROFEIC L BREESHE
2WEMI(3 H L4 B)+ B MR A 7 — v, R SRR, TR DR SRR
Askk, Wk M, WS

Fig. 4 Classification of vegetation by a usual method

Data of two seasons (March and April) + Land use data from the 'Kokudo suuchi jouhou’,
Green : Conifer, Right green : Broadleafl tree + Broadleaf tree conifer mixed forest, Ocher/
Cyanic : Fields, Yellow : Grasslands.
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i AX-e XTI, B aF T2 UM, il OKEMMMRERE, KT AT
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Fig. 5 Classification of vegetation in the broader area than the training area by us-
ing the data of Table 8
Green : Sugi-Hinoki-Sawara artificial forest, Yellow : Konara-Kuri forest, Dark brown : Field
weed, Purple : Akamatsu forest, Brown : Mizunara-Kuri forest, Grey : Others.
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I-10 AML-—¥-—L-—4—IC&3BRMBOEEOHA™
Structure of a Sea-breeze Front Revealed

by the NIES Large Laser Radar*

R - R ARG
Hideaki NAKANE' and Yasuhiro SASANO!

E 5
B AEMREHORML - - L —F—%Hv, 279 V0% b L3 — & UCEBRE
MROHE: BRI L7,

L—H— L — ¥ —EZEDIiTI L - TR oA 7 O/ VB EOAERN & SBEERS
MEGIZIZBAD » ) RERIENR L, TRODERIE, REF -7 OFNTS HIBREIC
HETLLOTHLZ EAHLMI L o7,

ITFOSIVBEGH T OBT SRR T — F 1T, - b — 5 )RR
BoOtEE L BRI R AL T - R RET AL O THE I E R EIL L,

Abstract

Structure of a sea-breeze front was observed by the NIES large laser radar using aero-
sols as tracers. Distinct boundaries were seen on the vertical crosssection of aerosol con-
centration distribution as well as on the horizontal one. The related meteorological data
verified that these boundaries corresponded with the sea-breeze front. Detailed analysis of
the aerosol concentration distribution with the aid of meteorological data revealed the
structure and motion of the sea-breeze front and deiermined the related parameters.

1 JU&sic .
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£5,1985 ; Kurita & Ueda, 1986), $FICiEEATMELIoRE @B LR - TR - flh i3
DTHLID, RABEMEOERLALORRERKEROBIIC L s THEELRI2RT L

¥ EHILOXEW, ] Met. Soc. Jpn., 64(5), 787—792{1986) I I HE L 71-,

1. BEIFSERER KERES 7305 KRR IS HInAT/NET I 6% 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi. Tsukuba,
[baraki 305, Japan.
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Fig. 1 Inland penetration of the sea breeze

Hatched area are sea or lakes. Measurement sites A-K supplied continuous chari records of
wind directions and wind velocities. Dash-dotted lines are the positions of the sea-breeze from
at 14:00,15: 00, 16 : 00, 17 ; 00 and 18 : 00 JST estimated from the wind data. Arrows are
wind vecters at 17 : 00 JST. Lidar measuretnent were carried out over the region bounded by
the broken line.
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Fig. 2 The temporal changes in relative humidity, temperature, wind direction and
wind velocity at the point G in Fig. 1
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Fig. 3 The horizontal concentration distribution of aerosols obtained from the PPI
lidar measurement

The aerosol concentration in terms of the volume extinction coefficient, @1, is displayed by
ten color slice levels. (The volume extinction coefficient due to air molecules, @z, is as large
as 1.33%X10 " m ™' at T=15C, P=1atm).
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Fig. 4 The vertical crosssection of the concentration distribution of aerosols
obtained by the RHI measurement over the dash-dotted line in Fig.3 (the
solid line in Fig.1)
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Fig. 5 The vertical differentiation of Fig.4 for enhancement of the aerosol distribu-
tion structure
The vertical gradient of the volume extinction coefficient for each pixel is displayed by ten

gray slice levels,
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I-11 AR RMEIREOREZHZERFED
BEZCESVABRAURBROEBELS
Basic Concepts of an Air Monitoring Network Design Based

on Yearly Change of Spatial and Temporal Variation of Concentration Data

WEMT - o B
Junko SHINDO! and Ko OT'

E 5

EREEHE T SO RAEREAROBR O b O L 5, KEGE TR ORI,
Ze R 2 AN M T O — iR W E R OS2 EE ~ o OME T — F &
FVCHET L7z, SOp & NOp (2B L CZEMARRE, RURNFIRE M 548
ERBEMID, TAFEHICL s TEETAZ AL o2 KAHROBOIFED
TALEEFT LI EA LK, BRRPEEMIOEECHRENT A I EE, BESZVIE,D
T, KNOBHROEMNOLDIAELTF - s EBRLALEVIEE b S, BIETROR
FHCBLT, 1EERNRALTEEIIERTARETLY, 2)THERVEROF - 75
HTELIMHEEBEN, BHICEATEONE ST S, 3) KA RS LI EN
BTAELTWALLYI»OREO:D, BAKRTESRILETSHE, OERNLEZ
Frigm L7,

Abstract

In order to provide a basic information for designing an air pollution monitoring net-
work composed of monitoring stations and a laser radar system, spatial and temporal varia-
tion of air pollution data from 1977 through 1981 obtained by ambient air monitoring sta-
tions in the Kanto district was investigated. As for NO; and SO: concentration, it was de-
monstrated that spatial correlation fields and spatial distribution of long term averages
were subject to yearly and seasonal changes. Rigorous designing of a monitoring network,
which does not consider the yearly change of air pollution fields, is proved to be meaning-
less and sometimes misleading, because it may not provide sufficient data to design a new
network to replace a current one. Following basic concepts for rational network design
were proposed: 1) An 'Optimum network' should not be aimed at rigorously. 2) A stable
feature of the air pollution field and its yearly fluctuation should be evaluated from actual

1. ENSEER REEERE 7305 KRR HERSEIATEN 163 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi, Tsuku-
ba, [baraki 305, Japan.
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monitoring data. 3) Redundant stations should be included to ascertain whether data
obtained by a current netwark represent the air pollution field with a required accuracy.

1 {3Usic

RERBORE L WIEIIEE LEFET 27010, kot FoMERIZB2E=5 ) »7izm
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HASE RIS ORMG, ZHBLESORE S, THORN, RUBNO &k (MER OB,
B, MESNKET L, LT, 27, TEALZOREARL, $-0FR{BATEL L
I, HEOWERI L Z2EHREEHBN S WAL EYNSH S,

HAETE, b EOBIFE, SWITHROEE LG, HEORE LR s EAIIHER
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COBEBEOEMIMEE v LT, $A-RERAY0OH 50T FAPNEETLEEEL
TETNERET 2-00EBALBUARORINTELTHDLDODBE W,

BHILH EDRER L D XSG RERF O IO TRET LA b 0 TH L%, BARMLE
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OOERGLEZHET 5,
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RIET L0000, O)HEBEEAORE, HLVERBOILORELLEMEL LTHER

— 168 —



HATG R OB MR E) (2 v 72 BRI AR AL

CHETLEBDSNDLIIKANTELL I ThHE, S TRINLDFHREECHELLHRD=D

Oy A4 FNHTC, ExbIEELS
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(547N WEREE 7 B OHBREE VT, —2ONEMCHEERIEN L TRETS
DI A T A, R EL MR R T DN

5 47T B HHRRBOS 5, BEAMONEREORE T — ¥ THEE (R T % 28
ERAMGT S Eic 2 0 MERIE M S5

TR L o THEOD S 1 TR HEEND b DOBH A, K205 A TIEDWT, VI DpDTiEE

BRIV —FTAZ LRI, CheoFEoELS, Bt LTwsEf e s WeMITA

LEth,

# 1 TERLIBRRINTHLIEMARGTE

Table 1 Conventional approaches to air monitoring system design

Bl Rt st
FE7—%
FRIRE OITIE WRE 57 A OHEE
T mm—m s s s SETmTETEs 'l
RAWRT ¥ ! Hougland & Stephens {1976) |
ARF-¥ Lo Noll & (1977) et e
' Munshi & Patil {1981)
23 a b= e Pl L BERSH CE A
DEHFYH Lee s (1978) Nakamori & (1579}
6 (1984) Nakamori & Sawaragi (1984)
O DERE Noll & Mitsutomi {1983) M 5 (1984)
RDRERMHET L OF M Liu & Avrin (1981) Buell (1975)
FAT I Egmond & Onderdelinden (1981)
BRI B 7 ¥
Handscombe & Elsom {1982)

l

2.1 HRESMEBEOCEZESGFEESVLBEREE(F(F 1)

KAFRBNA T BT L2FHEOB1 05 A TOLDE, Y3 ab—Ta VEFVEFICL YHEGE
ENEDERSAE AV, 52O RESEY ZOEMMRICB VTR 5 A % Bl
HELTERLOTHL, L OFEMEEINTHY, FROEHELLESY Iy FOBMI
G LT, FNFROBEEES, FRFROHBEGTRALTv D, RICHEM L ZRT,
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FITEA 7T ELb 0, PROBEELME LT, HREFMIL ) REBELTT i
RELED)7)2REETE JERATLIHE LA L L ITHERYRBETAL0TH 2,

Lee © (1978) 13, ROT2OHELF - L HNRAME+ BV CHERS:RET L Hik TR
FLr. F1OEEE, detection criteria & FHEN, BREHERETERTIMELRAICTLE
EEEHMET D, MBAOERFRICETAEEEAREERL, ¥ Ialb—-Ta v ICXhiEwEL
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HIZBFAANAPFRRLE LA L JITHEALERT L LD TH D, Lin & Avrin (1981) 138 R M %
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LEEDOWFEZE Lz BUESWESOEY LFDEF DS OB L OHBBRE T —E/HNETH
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7y OBRWGIEREIET S 2 LI X D BEVIZEROL e GBS IR L7,
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LIFsEnwrdDTHhs, fEENERDHOL LT optimum interpolation (0. I ) F|H L T LB &/l
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T 5 RN O8O PR D52~55F FED SO, FFIHME L HT, FLllERTHF L §5 A
BOFEAMET R CH S, RERICHE 3 EE 2 CHE T A78HER DSEREF~ L&D T — ¥
WEAZEMEWER2ET LT ATHTNMEETH L, MAEDBESEL, EXLFMICLLHWEE
BERRCMERIC L 2083, <R EXPEE, FHXXHER) DLk oRE
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25, Thbh, H1OS0 FEERECHEHLTIE, SHACREBENLIBECETHALR,
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fa) 1977 (b) 1978

(c) WIFNS44FRE {d) ERFISGERE
(e} 1979 (d) 1980

B 1 SO: FFHEE DM 5875 (AL ppb)

Fig. 1  Spatial distribution of SO: yearly average concentration
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Spatial distribution of NO: seasonal average concentration in 1979



KA R ORISR 22 2R R

#* 2 SO P L HEE LAER*RT & 42 T LEES TR
(WFHIB24F B ~ 555 fiE)

Table 2 Analysis of variance table with 2 criteria of classification (years
and stations) for yearly average of SOz eoncentration (1977-1980)

% HiiE ¥ 5 H FHE s

& & 191 3726.882
o ;'3 3 47.609 15.870
oo 3 47 3262.457 69.414
FE X NER 141 416.816 2.956

SEHTHE L 14.5 ppb

= 3 NO: FECPEHMEIZ L AFHEMERTEAT £+ 5 ol s
(BIFISASEFE)
Table 3 Analysis of variance table with 2 criteria of classification (seasons

and stations) for seasonal average of NO: concentration {1979)

LB H B A PR

& ik 311 32230.828
e B 3 4731.394 1557.131
I T 77 25271.589 328.202
FEIXWER 231 2227 .845 9.644

EEPRAE L 27.1 ppb

Ll BICHHNICIATARD L, ZRASMSREMIELSHICL > TEIEL TV, BTk
SUHEETRIEE T - L REH B LR IOBBEOY -7 (4”1 @O A £ B ELR
FEAMRTE L, 54, B0EEICHI L A LR LT A GEECHETEILASh LY -2 13 A DY~
7E0E 5 km WRIZERT A), — AR LOREERAN 1 (a) O C F1E) S2 A IRV HE
TS TR EOEMERMTHENAS v, RIEZRAWLBRERAFEELTETCWS, £
ZZE 2 Tk, B OGIIRER Y- 2 09EE T 405, B, Ao 2 omi, EhEditE-2
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LT, b LHBERTLRHIFHOTEBEOEHIA T, ¥4 71 OFHEL
L0, E-rof@EicilE it i, SRNeEETHoRSWRRIS (OUERARE
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i R § 2 R AL Y SN N R r S
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B3 (@) ~ (o) 3% ~ IBHIS2EFE, S4FEE, RUSCEEOFKIZEITL SO, 7 — # DR
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@ %, @ FMIZho> TOMBEH, (b)id S0, @ @ 521EK, @ S6HEK, () II NO, @
@ S2EEE, @ 52EKK, @ S6EAEHK, (d) 2 SPM{SP)» O 524K, @ S6EERKIIOWT
Thh, MERMPLMOEBREDOAZ SO2ELE LTORL /LK, HERE IZNER
MEHEE ¢ OTERBEREE TR, WEEE T8, FEIL IR REE L.

r=exp{— ad) (8)

FRETRAR LIz, B a DR E LM, ERBEEEAHERE S HICABICER T L ERL
Twh, INGORKRIESO; & NO, 0BG, ERHNBREIBENCI AR Lo THELIE
TFELTWBZEERLTWVE, BIERFIZSO KBV THECHA, SHHMABIETEIZE

CBoTWAEITHY, £A—ARIE FEMEEINEL, & L2CEHERE 2 oTwh,
28—k FANAEETEN b 7 A EE OB OKE L7 (HEREEO 274 7 Y O ) OXK
R8T Y F) GHEERROMATREOBEECOBFHLHIN L - Thre N BE-TwD, T4
bLEMBPEOEIE -~ TLhnwI 3R LTWwE, —7F, SPMSP) OB, HEREOFE I
EHERNILEMAS (, BEMLRELDIILAL RV, TLAT4TVORNONTIFHAE
<, ZERGMIIBAETLIERENGY, EMMICEEL TV EEVEIL, Ha bMOEB LY AAE L, Ew
HEHETEEMERL TV A,

ERICh - TOHBEROME, FHEENEL KL TEMEoRBERL VAE (25
OT, ERMHEERICBVTE—FHOF -3 DAEEI I ENVLETHLEZRTWVD
(Goldstein & Landovitz, 1977)c LA LEI5 (a) & 3% 4 IZEM OMMEEL Y L8 (& L) OHBIE
BASOIEHENIERFRLT 0L, COBRREHETIEL VY, ZEHEALHEGOSEREDOR
SEMFICLY, HAMMITECHEB TR R BT DI LSBTV LEEZD
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(a) PBFOS2ARHE {b) WRFHISAERE
(a) 1977 (b) 1979

{c) HBAISGHERE
{) 1981

Bl 3 SO: R il A (#)
Fig. 3  Spatial correlation field for SO: concentration in autumn

© : reference station, @ : r=20,9, & 0,75r<0.9,
A:0.5Rr<0.7, X r<0.5
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(a) WHAIS2EE ZF (b) EEHS24EE H
(a) spring, 1977 (b)  summer, 1977

{(c) FOAOS24ERE  H
(¢) autumn, 1977

4 NO: iR ol 7 R (R4
Fig. 4  Spatial correlation field for NOz concentration

@ : reference station, @ :r =0.9, 4 : 0. 7=¢<0.9,
A Q5= <07, X r <0.5
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- median
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(c)

Correlation coefficient

05

Correlation coefficient

05

Correlation coefficient

Correlation coefficient
o
o

o
=]

B 5

Fig. 5

i} — T ]
3 Distance {km) &0 0

llsg =) MFE PR B O BB 1 L B
(a) BAFISCEME SO. OH, @, %M
(b) SO: #k (DIRFIS2ER, OBEFISCENR
(c) NO: OMMSERE, OBIFISZEER, GBRAIS6E K
(d) SPM (SP) Fk (DIGHIS24ERE, DIRFIS6ER
Spatial correlation coefficients as a function of distance
(a) SO: concentration in the summer (D) ,
in the autumn (&) and in the year (@) of 1981
(b) SOz concetration in the autumn of 1977 {(D) and 1981 (&)
(¢} NO: concentration in the summer of 1977 (D),
in the autumn of 1977 (@) and in the autumn of 1981 (@)
(@) for SPM (SP) concentration in the autumn of 1977 {1)) and 1981(@)
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£ 4 AERAEEROER" L5 HE0EE(/10)

Table 4 Parameter of decline of spatial correlation with distance (& /107

HH S0: N2 SPM(SP)
£ EH i £ * =
IEFIS2EERE | 3,10 2.19 124 1.28 0.7 0.66
BYfI534ERE | 2,30 1.03  0.93 0.80  0.64 (.48
IAAIS44ERE | 1,98 1.13 1.0 0.77 0.61 0.35
BAISSIERE | 1.68  1.32 0.87 0.78 0.60 0.46
IBHIS6EE | 1,37 1.00  0.83 0.8 0.66 0.57

NoH, H6H-—FlE LTHMZEREDH TFYHOREBOH S 2RBOBEE 70 FLELOT,
OF%, APE, XFK, @FWEL4THb, £, & E, %, L£0OHBEROEIZF40.31, —0.14,
0.23, 0.55, 0.82C#H 5,

PLEE D, 28Tl y 4 7 NOFED S b, BERROBOH—E LS LT,
O.LZRAVTLENEREE*RETLIHER S0 L NO, KB LTI, BE AL H5I12E8bA
bo WiZl, bLHAAEOT - AV THEERE LHEREECETRO-DOBERLEDO ML — F4
T7ELTRBLZHERBEESRETAHAIENTELELTYH, HEREOIEERNNCEET 20
ThHhohd, ThboFETRATLIEATHELEV iRV, RTLAER ZHIBLTWL Y

490
- O X X
= .
"‘E.’ B ‘qg:)i::A x x 9
_2 . A ‘l“l“ A‘§ : 1%
= i CX K
= 290 o) X g
L e
2 Do P o .
PRV L
s | erdae i
o & ™ O
2L e » o
e L 5
4 o‘..?oo ‘008
x
90 4$’?@?ﬁ% o
5.0 300 55.0

S02 concentration (ppb)

B 6 2@IERICETED SO HPHiREE QMG
Fig. 6 Scatter diagram of SOz daily average concentration at 2 monitoring stations

O : spring, & - summer, X : autumn, @ : winter
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FUBCREBEINRTWHOELIE, E4OHEOBIELAFECHER#REBT A ENTE
Bo Lo LEMEROBEEREOBELY A TIOFEL NG EXTHL, IHHDOFHIIENT
EREFROBOHROEBEC DO TMLEFLAREL T AVDT, LLHEENT-FIC
ESWT, HAWEBESETERE LCHIE L% 51, ZEHEMOSSREMIZEIL LIRS,
FORHNERIBITABEAMMOWNEROFT — 4l 2 CTEDEEIIHP S TW AR EHAZ &Y
TERV,

4 PEFRBEOEFOHELS

KEFROBOEEM R RN 28y -V 3BREOMIENRL, HRPEOBRILL - T
RIS — 2 b X DELD LA bR B EFMLIE & olze [RBRMOE(L, FEHINE
PEBOB P RAGEOELOFERNTHS 5. TNETROFEIIBVTRELZ BRI IZES
D, —H, BEROMBAERZ, L% L sMERORANEEFARECHIBREALLEILN
Bo L:hio T, EMOF— 5 F-0kE Shi— D OB HEE I L OREISKEN SR
LRSS TRABIR L ZZH0ICRMESS Y, L2015 FHIAY "KEIZ &5
ZEITHBTIDERSLEVWERDbNR A, B EOL G AR XVBOALBNARZEOLEKL
Lo THUGLARRTHLEELH 5, A, MEONEELI R LEL S L) IBEHTHE S

NEBHRIC B VTR, BllshF— i L D EERENE &S AMIZRAE RO OHKETH)
WEAREIC T L E, REOOBHIFR 2R 270034 EHIRO L (k5.
47T OFRR, ¥3al—¥ s YETHEELL 2 ORITHREOZEMIE 2 EOSMH T

HoHr LT, ZONBCHLCHRAEYRLB(HRESS, ILEIORRETELEUMER (W

B4 A0 RALBER@AFRH LI ELTVD, Y3 ab—Ta VXD EESRITHE

HUaBEHRELT, T90BEF— 7 2B0FRL 2L, E7F-7HRLRMSOEE LY

TEBT 50 TEMM 2 L4006 L CBRAAR LRI B oS rBy b Tn b, Lir LERIZTE

BTV B LI, TORMBECIRRO L) GBS LT BSEET L (HE - %45, 1980, M

WONLEESHAED b OTH AL, Thbb, HOSHHEHEH - THET B L5

HTHoHLOIE, BELGIERMTRHTLII LT, T, BETNETLIEIALRET

BB THAI . —H, b LAVEAHEHEDE OTHEWERGIE, ZOSMIIHETVTRE IR

BHEBE RO EREERTHS S, COTEELMNT L0, BUARRAAREL RO LI I2E

ABIEHNTEL  AVESHREDLDTREVWAFLCEVLOTH Y, BlIREOAHEE

RRETAHZOITY, IOMEL AL E, NERRFOMEL, EOEFVERETLZOHO

REERBOMBE L% % 515 (Bl 2E, Box & Lucas, 1959 ; Rosenbrock & Storey, 1966)o L

PLARBROBRSIREFNEL, SELGHCIVBENIENLTLILOTHY, RBRAICH

o TH—0 “BOSH" FHETDHLELLOEGERNS L, RET<E2EF VAN EHITE
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BUEMHICLAEMORS S E5HET 5, P32l —Ya VLIV EEEN M EFATLHE
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BERINDLFETHHRRL T B0 L) D 2D D010, FIERE TS E % B o
RN THBIM 2 MER BE L T LENH L, BILRRGROGOEELTREL, %
W, BHEOBUARTHEONRDL 7' — ¥ L XA EREAME A E 25 L9 2RUCBVTL, Mo
BARE R Y 2 & SR HRORUETRE V200 HBIMNLNEROFEIRETSH
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5 ERERAIOARTLERAOFA

BRENABOBHE LA THETLIEICL D, ZHBIIERL TWEKEFRDEiRE T
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fdabzv, L L CoMEFRME BB L T 0o BHe I B L8R L A%
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Report of Special Research Project the Naticnal Institute for Environmental Studies

No. 1% Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1976, (1977)

No. 2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977, (1978)

(Starting with Report No.3, the new title for NIES Reports was changed to})
Research report from the National Institute for Environmental Studies
¥No, 3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Deptera, Chironomidae).(1978)
No. 4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1%77.(1978)
Mo, 5*Studies or the photooxidation products of the alkylbenzene-nitregen oxides
system, and on their effects on Cultured Cells—Research report in 1976-1877.
(1878)
No., b6#Man activity and agquatic environment—with special references to Lake
Kasumigaura—Progress report in }877-1878, (1979)
¥No. 7 A morpheological study of adults and immature stages of 20 Japanese species of
the family Chironomidae(Deptera), (1979)
¥No. 8#*Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978.(1879)
No. O# Smog chamber studies on photoechemical reactions of hydrocarbopn-nitrogen oxides
system—Progress report in 1978, (1979)
No, 10# Studies on evaluation and amelioratien of air pollution by plants—Progress
report in 1976-~1978, (1979)
WNo, 11 Studies on the effects of air pollutants on plants and mechanisms of
phytotoxicity. (1980}
No. 12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controlled instrumentation, (1980)
No, 13 Studies on chironomid midges of the Tama River. (1980)
Part I. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage vater,
Part Z. Pescription of 20 species of Chironceminae recovered from a tributary.
No. 14+ Studies on the effects of organic wastes on the soil ecosystem=Progress
report in 1978~1979, (1980)
¥No. 15% Studies on the biolegical effects of single and combined exposure of air
pollutants—Rescarch report in 1979.(1980)
Ko. 16# Bemote measurement of air pollution by a mobile laser radar, (1980)
¥No. 17#% Influence of buoyancy on fluid motiens and transport processes-—Meteorological
characteristics and atmospheric diffusion phenomena in the coastal region—
Pregress report in 1978-1979, {1980)
No. 18 Preparation, analysis and certification of PEPPERBUSH standard reference mate—
rial. (1980}
¥No. 19 #* Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura(Nishiura)—1978-1979, (1481)
No., 20* Comprehensive studies on the eutrophication of fresh-water areas—[eomorpho-
logical and hydrometeorclogical characteristics of Kasumigaura watershed as
related to the lake environment— 1978-1979, (1981)
No. 21 Comprehensive studies on the eutrophication of fresh-water areas—Variation
of pollutant lead by influent rivers to Lake Kasumigaura— 1978-1979.(1981)
No, 22* Comprehensive studies on the eutrophication of fresh-water areas—Structure of
ccosystem and standing crops in Lake Kasumigaura—1978-1979, {1981)
No. 23 * Comprehensive studies on the eutrophication of fresh-water areas— Applica-
bility of trophic state indices for lakes— 1978-1979, (1981}
No. 24 * Comprehensive studies on the eutrophication of fresh-wvater areas—Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979. (1981)
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No, 26#%

No., 26w

No, 27=
No, 28 =

No, 29

¥ No. 30=%
No. 31%*

No. 32%

No, 33 =%

¥No, 34=*

No., 35#%
¥No, 36%

¥No, 37%
No, 38
¥No, 19+%
No. 40 #
¥No. 41=
¥No, 42

¥No, 43

No., 44 =

No, 45*
No. 46#
No. 47

No. 48»

Comprehensive studies on the eutrophication of fresh-wvater areas—Growth
characteristics of Blue-Green Algae, Mycrocystis— 1978-1979, (1881)
Comprehensive studies on the eutrophication of fresh-water areas—
Deter?ination oi argal growth potential by algal assay procedure— 1978-1979.
(1981

Comprehensive studies on the eutreophication of fresh~water areas-Summary of
researches — 1978-1979, (1981)

Studies on effects of air pollutant mixtures on plants—Progress report in
1979-1980, (1981)

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution vith sewage waters,

Part 4. Chironomidae recorded at a vinter survey,

Eutrophication and red tides in the cecastal marine environment — Progress
report in 1979-1980, (1982)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1380. (1981}

Smog chamber studies on photochemical reactions ef hydrocarben-nitrogen

oxides system--Progress report in 1979-—Research on the photochemical
sccondary pollutants formation mechanism in the environmental atmosphere

(Part 1).(1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1980, (1082)

The development and evaluation of remote measurement methods for enviroamental
pollution— Research report in 1980, (1982)

Comprehensive evaluation of environmental impacts of road and traffic.(1982)
Studies on the method for long term environmental monitoring—Progress report
in 1980-1981.(1982)

Study on supporting technology for systems analysis of environmental policy

- The BEvaluation Labolatory of Man-Environment Systems.(1982)

Preparation, analysis and certification of POND SEDIMENT certified reference
material, (1982)

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1981.(1983)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1981, (1983)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (1983)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation, (1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5, kn observation on the distribution of Chironominae along the main
stream in June, with description of 15 new species,

Part 6. Description of species of the subfamily Ortheladiinae recovered from
the main stream in the June survey.

Part 7. Additional species collected in vinter from the main stream,

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1979—Research en the photochemical secondary
pellutants formation mechanism in the environmental atomosphere(Part 2).(1983)
Studies on the effect of organic wastes on the socil ecosystem—0Outlines of
special research project— 1978-1980, (1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1979-1930, Part 1.({1983)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 2.{1983)

Study on optimal allocation of water quality monitoring points.{1983)
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4% % The development and evaluation of remote measurement method for environmental
pellution--Research report in 1982.{1984)

50 * Comprehensive studies on the eutrophication contrel of freshwaters—Estimation
of input loading of Lake Kasumigaura—1980-1982.(1984)

51 * Comprehensive studies on the eutrophication control of freshwaters— The func-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982, (1984)

52 = Comprehensive studies on the eutrophication contrel of freshwaters—EBrclosure
experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980
-1982.(1984)

53 % Comprehensive studies on the eutrophication control of freshwaters —Seasonal
changes of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982.
(1984}

54 » Comprehensive studies on the eutrophication control of freshwaters—Modeling
the eutrophication of Lake Kasumigaura— 1980-1982,(1984)

55#% Comprehensive studies on the eutrophication control of freshwaters— Measures
for eutrophication control—1980-1982, (1984)

56 # Comprehensive studies on the eutrophication control of freshwaters—EButrophic-

" ation in lake Yuncko— 1980-1982, (1984)

57 Comprehensive studies on the eutrophication contrel of freshwaters— Summary
of researches— 1980-1982, (1984}

58 # Studies on the method for long term environmental monitering — Qutlines of
special research project in 1380-1982. (1884)

53 % Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Photochemical ozone formation studied by the evacuable smog
chamber — Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in 1880-1982,Part 1, (1984)

60 % Studies on photochemical reactions of hydrecarbon-nitrogen oxides-sulfur
oxides system—Formation mechanisms of photochemical aerovzol- Research report
in 1980-1982,Part 2.(1984)

61 * Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Hesearch on the photochemical secondary pollutants formation
mechanism in the environmental atmosphere(Part 1)} —Research report in 1880-
1982,Part 3.(1984)

6Z% Effects of toxic substances on aquatic ecosystems —Progress report in 1980-
1983, (1984)

63 * Eutrophication and red tides in the coastal marine environment —Progress
report in 1981, (1984)

64 # Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1081, (1984)

65 Studies on effects of air pollutant mixtures on plants—Part 1.(1984)

66 Studies on effects.of air pellutant mixtures on plants—Part 2,(1984)

f7* Studies on unfavourable effects on human body regarding to several toxic
materials in the environment, using epidemiological and analytical techniques
—Project research report in 1979-1881.(1984)

68 # Studies on the environmental effects of the application of sewage sludge to
soil —Research report in 1981-1983.(1984)

69 Fundamental studies on the eutrophication of Lake Chuzenji — Basic research
report. {1984)
70 Studies on chironomid midges in lakes of the Nikko National Park

Part I .Ecological studies on chironomids in lakes of the Nikko National Park.
Part @ .Taxcnomical and morphelogical studies on the chironowid species
collected from lakes in the Nikko National Park.(1984)

71 % Analysis on distributions of remnant snowpack and snow patch vegetation by
remote sensing. (1984)

72#% Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system—Research on the photochemical secondary pollutants formation
mechanism in the environmental atmeosphere - Research report in 1980-1982,



¥No.
¥No.

No.

No.
No.

No,

No.
No.
Na.
No.
No.
No.
No.

No.

No.
No.

No.

#No.

No.

No,

No,

73 =

74

75

76
77 %
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79

80=
31=
B2
83
B4 »
85
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92w
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85 *

96 =

Q7 =
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Part 4, (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system~—Final report in 1980-1982.(1985)

A comprehensive study on the development of indices system for urban and
suburban envirenmental quality—Environmental indices—Basic notion and forma-
tion, (1834}

Limnological and environmental studies of elements in the sediment of Lake
Biwa. (1985)

A study on the behavior of monoterpens in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1983, (1985)

Study on residents’ role in conserving the living environment.{1985)

Studies on the method for long term environmental monitoring—Research report
in 1980-1982.(1985)

Modeling of red tide blooms in the coastal sea—Research repert in 1982-1983.
(1985)

A studies on effects of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments,{1985)
Studies on the role of vegetation as a sink of air pollutants—Research report
in 1982-1983.(1985)

Studies on chironomid midges of some lakes in Japan. (1985)

A comprehensive study on the development of assessment techniques for health
effects due to environmental heavy metal exposure—Final report in 1982-1084.
{1985)

Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters.(1985)

A novel retrieval system for identifications of unknown mass spectra, (1986)
Analysis of the photochemical secondary pellutants and their texicity on
caltured cells—Research report in 1978-1983, (1986)

A comprehensive study on the development of indices systems for urban and
suburban environmental quality 0 —Environmental indices—Applicaticens and
systens, (1986)

Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.
(1985)

National trust movement in Japanese nature conservation — Trustworthy or
illusion?(1986)

Economic analysis of man’s utilization of envirenmental resources in aquatic
environments and naticnal park regions. (1986)

Studies on the growth and decomposition of water-bloom of Microcyectis. (1986)
Studies on the environmental effects of the application of sewvage sludge to
s0il( 1 ) —Research report and papers(Part 1)in 1883-1984, (1986)

Studies on the environmental effects of the application of sewage sludge to
s0il (1 ) —Research report and papers(Part 2)in 1983-1984.{1988)

Comprehensive studies on effective use of natural ecosystems for water quality
management ( 1 ) —Drainage and flowing down of pollutant load— Research report
in 1983-1984.(1986)

Comprehensive studies on effective use of natural ecosystems for water quality
management { Il } —Structure and function of the ecosystems of littoral zone —
Research report in 1983-1984,(1986)

Comprehensive studies on effective use of natural ecosystems for water gquality
management (B } —Self-purification in stream and soil—Research report in 1983-
1984. (1986}

Comprehensive studies on effective use of natural ecosystems for vater quality
nanagement {(IV) —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability—Research report in 1083-1984, (1986)
Effects of toxic substances on aquatic ecosystems—Final report in 1981-1984,

(1986)

No.100 # Studies on the methods for leng-term monitoring of environmental pollutants in
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No, 101+

No, 102+
No, 103+

No,104

No, 105+
No, 106+
No, 107+

No.108*

the backgreund regions—Development of highly sensitive and selective analyt-

ical methods for measurement of pollutants in the background regions—Progress

report in 1983-1885. (1986)

Experimental studies on the effects of gaseous air pollytants in combination

on animals, {1986)

4 reviev on studies of the glebal scale air quality perturbation. {(1986)

Technological assessment of electric vehicle from the environmental protection

viewpoint, (1987)

Studies on chironomid midges in lakes of the Akan National Park.{1987)

Part I .Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake
Kussyaro,

Part I ,Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido{Diptera, Chironomidae)

Formulation of the dynamiec behavior of water and solites leaching through the

field soil, (1987)

Appraised fandscape and thier environmental value in Tsukuba Science City,

(1987)

Studies on remote sensing for spatial and temporal analysis of environment—

Research repert in 1984-1985, (1987)

Studies on the role of vegetation as a sink of air pellutants—Final repert in

1982-1385.(1987)

* in Japanese
¥ out of stock
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