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Abstract

In recent years, considering the global impact of climate change, there has been an
accelerated movement towards achieving carbon neutrality worldwide. Japan is no exception,
having set reduction targets of 26% by 2030 and 50% by 2050, compared to the levels in the
fiscal year 2013. Consequently, addressing the urgent task of cycling currently emitted CO»
through forests has become crucial. However, in Japan, observations are predominantly
conducted in artificial forests, with neglected forests possessing complex structures being
largely overlooked. Overseas, observations in tropical rainforests with complex structures
have advanced, offering insights that could be valuable for neglected forests. Existing studies
primarily focus on measurements related to overall forest biomass and CO. fixation.
Therefore, this study aims to establish measurement and analysis methods targeting neglected
forests (natural forests) for individual tree-level analysis.

To achieve individual tree-level analysis in forests with complex structures, the study
introduces low-altitude UAV (Unmanned Aerial Vehicle) flights in addition to high-altitude
UAV photo observations, high-altitude UAV LiDAR observations, and ground-based LiDAR,
as employed. Data obtained from these sources are integrated using voxel modeling, enabling
individual tree-level analysis.

As a result, deploying low-altitude UAVs for flights within the forest floor allowed the
development of an effective method for neglected forests. This approach facilitates the
observation of numerous neglected forests. Furthermore, by utilizing voxel modeling, various
products derived from multiple devices can be integrated, allowing for a detailed
representation of forest model structures. Additionally, voxel modeling enables the calculation
of CO: fixation at the individual tree level.

In the factor analysis affecting tree growth, it was found that the northwest slope exhibited
the highest tree height growth, while the south slope showed the lowest growth. The results

also indicate a correlation between crown spread and tree height growth.
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9, BhERY) o7 — 28U 2096 & 7 - 72,

K 10 3XMhErYy =~



25 BERREFHAIF X

ER L 72K Y v 2 v COBTER 2 i 35, BiERY IV NomE R 2 BiTHR &
LI %#1T > 72, (5.3 Tree_ext.py) filiti L 7- 2 BRI ES O Z FERE % 724503 % & & TR
RRELLCEBLE, #RE2M 111077, #RIZ0.8~1.0mEELRD L WiERL ko
Too ZOMICBIL Tk, A4 FRADfEC 2m LA LDl 75> T 5, 4 F ZADfES 2m LA
Loz mHREoRMECH&kOBECHIHI AT  eE2 LN 5,
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0
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26 Z=FE UAV__LIDAR #8

LiDAR & 3¢ % W72 8lC, S ZRICHRITT 5L —F—BFhc 4 2 KDL b |
PEEE R 22 b DCH %, BHEEM T LIDAR # w3 Z &ic kv, BIEREZ J <k
RO NER S B 5 2 L 23ufEE L 72 5, LiDAR BllllClafiftr — 2 BHUSTE 3, C
DOEMITIZX 12 » MATRICE300RTK % {3 %, MATRICE300RTK Icf£# & 413 L1
DERIZE 6 1R, RGN MlET — 2% 13 1R,

X 12 MATRICE300RTK

#* 6 MATRICE300RTK ic#E#i x5 L1 oftfk

EHH 3
L—H—X L —4H—4%& 4 7: Time-of-Aight (ToF) | L —+'—4% 5 x: Class
*vFr— 3. L—H¥—ijEk & 1550nm
L—H—2
o :1cm + 1ppm B :1.5cm + 1ppm
o —EE KEAR ppm, FEEHH pp
HAS HASEUH—44 T CMOS, hASE H—H A X104
K F. BRY A X204 HEH €I, BEMREE 4K @ 30fps
GNSS Z{E#: GPS+ GLONASS + BeiDou + Galileo
L—¥—Lv
CIFAY L > 10cm - 100m | $5E: 1cm + 1ppm
o

IMU L—H—RXF v F—&—{KtSht-68MU



M 13 BB Ih~8EEnlr— %
# 7 LiDAR m# o8

B B BE (W/m2) 774
2023/7/29 153019002 1700.211133 20230729.la¢

2.7 LAIEHRIFE

LAI %EHll9 3, LAI GERREER) 3. EomzndiHEch ., EiERR LD
R R REH IR A H S T CH B, T D72, LAI LR R L o3BG A S
2EzoN5, LAl OFHANC I, kD Tk e L CTIZBMN D6 & B Ic ko 3 LAI-
2000 L\ boEMES, LA L, SENE, EEGHIL 2, AR FERRET 2,
EEHHOR AT 27200 R (AT, ELAHorOME % iTo 72, (5.1
cloud_to_Voxcel.py) RICHBIER ) v S ICfifE\Z X L, R Y IV N SHEE Ko %
NWLAL &3 3 SBEECLAL 28 L 72, LiDAR TOEHIE UAV R & — FA3—E 75 b S
¥)—ThH 2720, miETo LAl 2k 7z, 50T 2023 FOELHC LAL GHIIZ1T 5,
WREM 14 2R,

Leaf=R<G (e)

G:RBEDFR N v F O5RE
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28 HeRREICEEL S5 Z 5 EREN

QGIS % fi\vT DEM 2 b RHi iz 2 B H L 72, DEM 7 — 2 % [E - Hi e 2 5 BE L.
QGIS < DEM 2 bt A2 EH L2 (K 15 A6, SR Y 713 2.1 LR TH
%O

B 15 SHEAFHL

Hrrlic, 2o, bRD SMERZZTAZ R T, RonREGLT — £k, 85
oJ7h (b, LB, B, BER. P RPH. PH. JLPH) L 72, R AL & RRE O
Weilstbe T, FKRY T L CpHOEMIRERICSG 2 28 % 8 i L IicqH
T L 720 BRED A4 FADEC, 2m ZHEZ T2 b DICBI L TIRERILL Tw

%, fREM 16 1R T, ALPaR2aR b KRR G <. MR RREMECFER & 72

277,

H yRivi 745
__ 10] JEs) 64
£ L3 (NE) 307
I I H(E) 321
W R 3R(SE) 72
& #(S) 259
B 041 EFE(SW) 430

o) (W) 191

L FE(NW) 37

0.0 &t 1681




M 16 FHLZ L DRERAREDO L R 7T A

LAl OZ B ERICH 2 2522 ET 2720 1C, LAl L EEB OB X b Hik%2{T-
77o FERZX 17 IT/RT,
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KICHHER ) =V OHiE L MREEZHKT 2, BiER ) IV OHEIZHEARDOIEDILHAY %
TIHEETH L LER. K T VHESKE FUL, BEIIRELERoTEY . X HAK
LTWw3eEZbND, X DD, K Y TVl E KREZ KT 2 /12K 19 1087,
FEFRIEAR Y TR & R R ICBARIEIT R 5 e d o 7,

HRE=(m)

RYIT U ERE(M)
B 19 FY o VEELEEEKRE DK

iz, BER Y I 2T 2019 4 2023 £0 DSM #7245 L. BHE O 7R A5 0
L. BIESOREREOK AT 5, WAL Y OFERIE, F) I VHEIKE (FEEL
TWw3ZexFEx, PHMED -V ICHE T2 2 ICX VA Y &, HERLZ L 72,
FERZX-19 1R T, MR, BV HEY - ORER L BTESOKERICIIERY S
BT Do T,

= 175 . °
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g 075 o ®e ° o 4
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3 CO,EEEDHTE
31 WHRTUT

S8l D 5 M I S AR A SETERIC B 298 7 4 — v F oSkt EE O 50m PU7s
DIZYTHEMNRE Lz, 2OTY TICRBERLAZZYV T BRL TRV ) T35 5720
ZAHRRONE EEZCIDTY) TERE Lz, EETY T 21 1R,

B 21 KRS Y T



32 1ESE UAV BEEEH
22 ® DJI mini2 CTOBMNTFECITv, BHEE L Fk SIM ToL#E %175, DJI
mini2 D Ay 7 %% 8DJI mini2 fbEk * 8 1T~ T,

3 “’? g

K 22DJI mini2

#* 8DJI mini2 4k

HERE/ R S

HhAS 1/234>F CMOS 23— 12AHE €L
LR FOV(#R%F) 83° .35mm JA—AHAFEEEEY . /2.8
RAGERBE 4000 X 3000 E&+ /L

RAE TARIGE 4K @ 30fps
Sy A—AE—F 1/8000%) ~ 4%

g= $9249 ¢
ETHI74+—< vtk MP4 (H.264/MPEG-4 AVC)
BEEIA—< vk JPEG

Bl & Ba b, FETOIRE L Ro T3, MITA—F %X 23 1R$, BHllr— b
WRIZD 22, SIM CHBEZER CX 3RS0 BEEKE 2 e 3 %, 202148 H 11 Ho
#BCIx, 1524 KOEEA HE L 72,

. Flight Routel
. Flight Route2
m Flight Route3

K 23 MEKBHORITL— Tt



PR & N7 B SIM AL 2§ 5 2 & CHREET — 2 BT 5, (RSN sl — 4 &
24 1T, ERICHE L 72 GCP & sfiE 2% 9 1R T

B 24 KD mBET — & ERR

£ 9 MEKE D GCP & JAHEE

number X Y z mE(m)
T6 20263.7 71760.29 148.77 0.029
T8 20284.7 71764.72 149.40 0.014
T11 20269.82 71768.52 153.96 0.034
T12 20276.14 71779.21 162.30 0.011
T5_R5 20262.63 71761.77 150.40 0.010
T6_R6  20274.29 71761.04 150.48 0.026
T8_R9 2028424 717704 154.75 0.081
T11_R12 20272.06 71772.39 157.06 0.030
T13_R14 2029294 71784.26 160.13 0.031

T13_R15 20300.46 71792.33 161.57 0.011



B3

2020/7/11
2020/8/21

2020/9/9
2020/10/16
2020/11/13
2020/11/25
2020/12/7
2020/12/14

2021/3/4
2021/5/12
2021/6/11
2021/8/11

2021/9/7

# 10 KRB O LA

BEM (%)
669
521
638
580
563
451
945
934
893
974
594
1524
1128

B (point)
74211242
51995143
63566530
55855456
55162704
47523198
229199247
220191305
160823089
246619261
144360406
381300896
249317831

EF#E (point/m2

29684.4968
20798.0572
25426.612
22342.1824
22065.0816
19009.2792
91679.6988
88076.522
64329.2356
98647.7044
577441624
152520.3584
99727.1324



3.3 #it LiDAR %58

25 oith F LiDAR  OWL IZ7RAMREL —F — Z W7z - 2 v o827 b A — IR o ZR kG
HEEE <, EHEE OB T — 2% b LICIERAREZIT 5. BLHIHIX 2022 48 H 5 HC#l
WAEIF 12 e koTWnd, OWL DR~y 7 %% 11107 d, BlE%ZK 26 10Rd, 2h
COF— RS HEMTFT— 2L LTHUST 2 28T 5, G I NHMETFT — 22X 27 1TR
ER

X 25 OWL
#* 11 OWL {h:#
FHAIRE EHHERE 1m BE
e RAEw R 45 FOERTERF 86,400 i/ sec
L= —A%¥TF REv B 225 FERTERF 86,400 &/ sec
YA XEE 3.20kg

Bl 26 OWL &=



B 27 #ik LiDAR TER & nLiz mBET — X

34 MERDR T HLILETILOIER

DJI mini2 & OWL 2 LHUF L 72 ST — 2 0 b R 7 e L EFARIER T 5, B7x 58
HIEgER Co RO ENAGDEICIE, 2023 AR L OB DR 5 FlfE 7T — X OHE
b FE[B]EHVCT, TV 7L —bvyF Ve T 74 vERUC XY SiffRx ERG
b7, EAbE AHOREELY% 12 1083, & gridsize X 10meF 3, ZHbO
WL % Python TIERK L 7-HIE 7' v 77 5 Cfr > 72, (5.1 cloud_to_Voxcel.py)

K 12 BEhGbEhERBORBE

LI E 5 X5& 2 (px) Y5%ZE (px) Z5%ZE(m)

iy =X =N Ty RmXK &P OFH =X =/
1 1.1 2 0.0 1.3 2 0.0 0.034 0.072 0.010
2 0.9 4 0.0 0.3 1 0.0 0.010 0.031 0.000
3 0.6 3 0.0 0.6 4 0.0 0.014 0.090 0.000
4 0.3 1 0.0 0.6 4 0.0 0.019 0.130 0.000
5 04 2 0.0 0.1 1 0.0 0.002 0.006 0.000
6 0.2 1 0.0 0.1 1 0.0 0.002 0.007 0.000

#£ 13 OWL R0k

MW 30236676point
£ 14 FZeroftk

FAY B
xFEE1R
yEER
ZFEAR
D JAWL
L TAV
S TAWI S

™

C’(ﬂhWN—l\’



3.5 H#ET— %25 DEM 7 — 2 OER

ERL7=R 7 e v ET 0% 2 00 FHNICHRE T 5 2 21k b, DEM 2/E 3 %, 2 Rit
ST 5 L R ICKHANT 2 MEIE. WRE 7 eV ICEE YT 2 D Z HBEARE SR GARH S
CICE Y DEM 7 — 2 Z{EK L7z, 77V v FH A X132 10cm & 72> T\ %, BHEESTEIEL 72
WIGE, RIEE & 72 2 23, WA B RIS X 2 NI % 47 5 i X Y RIBEZE N L 72,
IS DUIR%E Python TIER L 7ZAE7 r 77 L CfTo 72, (5.2 IDW.py)IERL L 7245 5%
%X 28 IT/RT,

K 28 KD 10cmDEM 5 — 4



36 HARDID{F&5

YER L 72K AR 7 e v 270 & DEM 7 — 2 % W CHRIRER 0 BRI %17 5 . K
Ho7ra) XL clid, DEM 25 EEHHOEAR D 23 3m U Loz RKeERL, Iit%
fTote MMM ZHRZAHARICID 5 %1727, ZORRIC, PFARDORTHA L EERD TG
T5, 2o %E Python TIEK L 72 HE7 v 777 L CfT o7z, (5.3 Tree_ext.py) HiK
L ORREZM 29 1R T, #HR 149 ROKICID 25325 2 LA TE 7,

B 29 BAROHMHAER



37 WEEROHE

ML 72RO 7T — 2 2 CEEREOME 21T o 72, WNROHEAKD DEM JEEED &
1.2m A OWEX ZY) 0iIkEZF o) 7D 1lem A7 v A ZERK L 72, 1lem R 27 v L ZAE
KT BB, BOREET — 203 T\, 24570 DJI mini2 O FEBHNIC X 5 S5
T2 rERNGLEHEZITo 7. 2D DI % Python TIE L 2 AE7 v 77 L CfT
272, (5.4 diameter.py) Y] Y #h\ > 7z R AR %2 X 30, fiEEROMEREZX 31 1R T,
RiF0.6m~0.8m 23 b RZEWFER & o7,

HADYUE LS £ (cm)
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HARDXETE E 2 L (cm)

B 30 )Y\ 7= WiE o EiR

&
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=]

X
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M 31 WEEES 77



38 BALHETRY T 0fa
BIERY) VA HGC, BV VHNICH 282 L. 20RCEEALREDEVD DR
BRI L Cwa ke LTHE L, BT AL BTES2ES L7 (5.4 diameter.py), fEd
R AZKX 321 d, BiEetlfERE2X 33 128, BEER Y o BMERR & LT B 23,

TAVT=EPEELEVD DI, MKHTOBMHATA TRV D ER>T WS,
B & TR L T B A 58 A L 7 o 72, (5.5 CO2 BEE RBH: T — %)

B #ER)TY
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M 32 &FReERY) TVoEs
1= s
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39 CO,BEEEDHE

L[ COMMEREHIT 2 DA FORICIES 2, 2 FLSOBIAIC 1. LA
BTz, AFICRET L L& Lz, @MBEEZHEET 2D ICRKDETLE LT 34D X
ST T AT 5, WEEREEROBREE L, BiErms & LT, ko nikitr
AL LCID S e icft 53 2, #EE™ 35 I0RT, #EL LT 2~4 oA D %\

TR ot,

=

weEE

X

34 HMHefesFn

FMEETEER

25

20

15
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| |

BN B .
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KK (a) Z T 2019 & 2023 0 CO2 EEROREH %175, R(a) THW 27 874x &
3FK-9 1R g [14], MERIZK 36 2 KD COLEIERICTRT,

K9 COMERBREH DT X — %

BiFE L RRE Hh EE - TEL BEEE
¥ 1.23 0.25 0.314

\d

< COEIEE(t)
+ [l 0-0.038
[ 0.038-0.402
s [ 10.402-0.715
S [ 0.715-1.63
S I 1.63-5.197

CO.[EE & (t)
I 0-0.039

[ 0.039-0.394
[10.394-0.719
8 [ 0.719-1.569
% [ 1.569-5.047

K 36 2EKiHD COBEEE
2 FFHco Co[EEEDZIIIR 37T DL HIZ7->TWVWD

COEEE()

B -0.71-0.001
[ 0.001-0.015
¥ [ 10.015-0.028

28 [ 0.028-0.064
[ 0.064-0.149

K 37 280 CO.BEEROZEA



4 fEw
4.1 BRE

ARIOMFETIX, KEE UAV ZWIKNTRIT S5 2 L1 X o THRERIC KT 2 2h R/
RTEEMET DN TE L, I L > TENICEE S FFET D EKREZ BT 5 =
EINHERE L TR0 T,

W, BHHEE N OB ON D x a7 a X7 NI, R BLVETAERHWND Z LIk,
WIR ERTEDT — 2 AT 22 ENAREE 720 | BRET L OMEZFEMICRILTE 5
ZENAREE fp o T, Fo, R BAETAEHND 2 E TESICHRMEOHEENT A, CO
JEERORINAREE 72572,

ZIUHOFENDL FERIT U THRITIFZEZR E Tl ThbivTWieho e R 7 B VET L
Z AW TG HAITFE R Ot FIE A ST 2 Z &R TE T,

AR BB A 52 5 BRI CI3AbER m 2 e b AR kR &2 & < . FE R Ok
FEEMRDEWERE 2 B L OIERD EFERERICOBEGENB® 5 Z LN nhot,

42 :8HE

M A ORE R, RICREVMENFEES 2 24T, RS E UAV ZARRN TRAT S
HDHZ LT o THERICHT DR FIEEEST 2 2 LN TERER, BRIk -T
ERATV— P SHIR S IURBEBEEICIES S ERAET, HEEEORBTRETLIZ LB X
bid,

HRIZ, LATIZOWT, SHEEZ WD Z & T, BEHEROD Z ENAIRE L R o 7oAy, BREES AR
o ThH D, KEARZREPHCTO LAT BREEFIEZ G CE Tuauy,



5| AR

[ h =Ry =a— TN LT BRFER—Z L BREE)
https://ondankataisaku. env. go. jp/carbon_neutral/road-to—carbon—neutral/

[2] #EFJT  https://www. rinya. maff. go. jp/

[3]Mathworks https://jp. mathworks. com/discovery/lidar. html

[4]FM0 https://sorabatake. jp/31311/

[6JLiDARDEM % N7z REABED 7 & 2 A > MC 3 2 BB & M EE 0§ 5P O &
ERERLT - M IR - RO

[6JUAV Z{E M Lok = BT — FRAORA, REE—, BEREK, FHi, KIRE,
BB,  AEFACRD, Lg%

WFaEE, 2021

(7] R vrET A2 HOTEHERICEBT 2 REEFE Y I 2 b—ay, IR IR &R
JilE, 2019 4F 58 & 4 45 p. 184-195

[8]Voxcel sapace analaysis of terrestrial laser scans in forests for wind field
modeling, A. Bienert, Ronald Queck, 2010 £

[9] Estimating Aboveground Carbon Stock at the Scale of Individual Trees in

Subtropical Forests Using UAV LiDAR and Hyperspectral Dat, Haiming Qin, 2021 &
[10] Tree height in tropical forest as measured by different ground, proximal, and
remote sensing instruments, and impacts on above ground biomass estimates, Gaia
Vaglio Laurin, 2019

[11] MK EHIFERT  https://www. ffpri. affre. go. jp/

[12]EcoMatcher https://www. ecomatcher. com/how-to—calculate—co2-sequestration/
[13]38, 8Ll ER D B e 2 filif 7 — 2 0 EAHbEFi5,2023 4, 5HLERY:  ELIER
WU T AR s A

[14] HAFAWIFERT  https://www. ffpri. affre. go. jp/

ZE Wk

1) MR EHESEFT  https://www. ffpri. affre. go. jp/

2) AREFST https://www. rinya. maff. go. jp/

3) Inspire 2-8 S E#R— dji https://www. dji. com/jp/inspire—2/info

4)MATRICE300RTK —# {4 https://enterprise.dji.com/jp/matrice—300/specs

5)DJI Mini2 -fIAf— dji https://www. dji.com/jp/mini—2/specs

6) AR 3 RILEHIIT AT L OWL FEAR

https://www. owl-sys. com/wp—content/uploads/2023/12/SH-AME-0L200-02. pdf

) fLZEHE LiDAR (2 & 2 IR/ R T A — & Ol 2004, miff ELHA

8) HF KiEDH, (KM UAVIZ L D2 & SIM & Vo imatill, 2015 45, B ARME T
2378, p163-168




9 )M B RV E— MU VAR LIRS O A A~ 2 O JRIEH 2 B
T HHFE, 2015 4R, WA R, (RS J5F 6971 &

11) B0 BREE, JEIF B BRE AR, fRlE B, RE A, NUE#SOr /% AL
MIZ 31T 2 Mkt 6 AR O AEZ AL, 2009 4, 51 % 2 5 p. 127-136

12) & EED, FEESNARICEB T 2= U AR E ORI O WK A D2
1k, 2012 4, 1782 5 p. 185-197

13) BRHE G, SRR FRRIBEREN It 2 — k8T 5 7 1~ Y RO M s Eee & SToR
B DLEALITONT, 2001 48, FUERABEEREEM JE o & — 8 No.2 176

14) A, BK H, THE A BRET 20X D EmEHRE LA OHEE, 1999 47, 12 % 3
5 p. 210-220

15) Current forest carbon fixation fuels stream CO2 emissions, 2019 4, A. Campeau

5



16)An estimation of CO2 fixation capacity in mangrove forest using two methods
of CO2 gas exchange and growth curve analysis, 2007 4%, Yosuke Okimoto &
17)Estimating Aboveground Carbon Stock at the Scale of Individual Trees in
Subtropical Forests Using UAV LiDAR and Hyperspectral Data, 2021 4£, Dr. Haiming
Qin &

19)Using lightweight unmanned aerial vehicles to monitor tropical forest
recovery2015 &, Rakan A. Zahawi ©

20) Tree height in tropical forest as measured by different ground, proximal, and
remote sensing instruments, and impacts on above ground biomass

estimatesGaia Vaglio Laurin, 2019 & Gaia Vaglio Laurin &

21)Mapping forest canopy height globally with spaceborne lidar, 2011 4, Marc
Simard ©

22D)AFXFBLOE / FANLKICEIT D Fr—UflilEE2ME LT SERY A ZHEE FIEORK
@, 2022 4, JTAAFG

23)UAV Z{f ] L7zl BT — P ORA, WBIF23E Vol73 Nob p39—42 2021 4,
TREE—D



5 {T8%
5.1 cloud to Voxcel.py
7477 VI TDK 38 IC/RT,

B 38 cloud to Voxcel D54 75 Y —%&
RICA A VRO ZR~T, LD 39 ICR3,

B 39 cloud_to Voxcel X 4 v {LEE
O TIR 1T OMMET — 2 2 5ARAARR 7 2 VICEBL TS, 7Y v F¥H A4 X
&L BEEORKME, B/MEEATI T 5L TR EERT L, 7y P4 X013H
0 Il WIEE L. NREFHZIL T E 258X ERT 5 LB TE R,



52 [IDW.py
IDW D 74770 —%%X 40 <R,

numpy np

pandas pd

X 40IDW D54 75 ) —&



Kz, IDW @ x4 R E Z X 41 IR,

X 41 IDW X 4 v



Zo7u s LTk
5.3 Tree_ext.py
Tree ext D74 77 V)V —E%X 42 1T

B 42 Tree ext D74 77 V) —&



Kic, Tree ext D A 4 VALEEAE % X 43 12T,

B 43 Tree ext ® X 4 AL



5.4 diameter.py
Tree ext D74 77V —E%X 44 1T

K 44 diameter DT 4 77 ) —&

Kic, Tree ext D A 4 VALEEAE % X 45 12~

X 45 diameter ® X 4 v ULEEES %L



55 CO2 EEERMET — 4

ID BaEkEE e ER CO2EEE

0 0.29887597 0.895 0.04007507

1 0.7604336891393579 0.655 0.014266564379743385

2 0.3151815265937884 1.695 0.14947273301332764

3 0.27808217354274367 0.125 0.00077515

4 0.2900873708105867 1.63 0.12823763223808227

5 0.5962226788805872 0.035 0.00011011

6 0.23267510696886473 1.44 0.08344293

7 0.41944023292969645 0.77 0.0465885

8 0.2423751861352267 1.105 0.04303566

9 0.21740347893588688 0.51 0.00993475

10 0.29441925 0.7000000000 0.02432223
000001

11 0.3360702176733517 0.03 5.600499044394855¢-05

12 0.37868878779465714 0.065 0.00025521

13 0.36471197234460867 0.76 0.036053692631673684

14 0.39437548885423235 0.975 0.05467601

15 0.24035294033747037 1.235 0.06380795

16 0.34578863532875487 1.24 0.09761573

17 0.24231940994314827 1.175 0.05866822

18 0.3019080242844761 |0.8150000000 0.03619337
000001

19 0.42026833024568194 0.64 0.01973965

20 0.3264446633071019 1.03 0.06410689

21 0.26172549 0.5700000000 | 0.015715328975954068
000001

22 0.2510730059227632 0.625 0.01784834

23 0.21188712088216358 0.59 0.013214756438279074

24 0.22314070929527732 0.635 0.013324938583648471

25 0.4896064151062874 1.12 0.11514804447095472




26 0.1715917064680664 0.005 7.45148029608137e-07
21 0.7365406072470013 0.805 0.024406060104166794
28 0.22960292119804337 1.385 0.07954448

29 0.14225043127070236 0.92 0.018145672146476333
30 0.7004012254883719 1.52 0.11169219522392648
31 2.2799369107176735 1.005 -0.1493985

32 0.42542575241152636 0.9 0.0638829

33 0.3640761311607934 0.17 0.00182108

34 0.19230497902212207 0.92 0.027643124826594256
35 0.3485880103556505 1.56 0.13198093761791485
36 0.30673122644437695 1.065 0.01825909

37 0.29463616 0.715 0.01735637

38 0.2933160633904348 0.05 0.00013287

39 0.3548227945963542 0 0

40 0.27746215669530483 0.58 0.00174774

41 1.70735843738133289 0.635 0.06356274

42 0.46387559136758805 | 0.6900000000 | 0.039924740353118215

000001

43 0.31542441517639536 0.245 0.00352244

44 0.10800247211769952 0.225 0.00091136

45 1.2792605386246751 1.305 0.11451981386118293
46 0.5860356369497469 0.715 0.027459484927675137
47 0.2009338220003977 0.42 0.00428383

48 0.5116425881915546 0.16 -0.0004486

49 0.9672952163044001 0.745 0.048080257796208836
50 1.2873700169278839 0.07 0.00045909

b1 0.2986929006743539 0.58 0.018474170984542293
52 0.8638630661943902 0.2 -0.0042832

53 0.4296273944072449 |0.7000000000| 0.010502103471621227

000001

54 0.9198679548160755 0.86 0.025574304749128418
55 1.6843363754642706 1.815 -0.710278




56

0.2633795255220829

0.17

0.00128155

57

0.35290527

0.665

0.02956927




