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Utilization of Unmanned Aerial Vehicles for Atmospheric CO, Measurement: A
Case Study from Niigata University Muramatsu Field Station

(OZakharevich Iaroslav (Graduate School of Science and Technology, Niigata
University), Hirohiko Nagano, Boris Boiarskii and Hideo Hasegawa (Institute of

Science and Technology, Niigata University)

1. XL

This study introduces a novel system utilizing Unmanned Aerial Vehicles (UAVs), particularly
quadcopters, for measuring atmospheric CO> levels. Emphasizing the need for innovative approaches in
environmental monitoring, we highlight UAVs' role in redefining traditional measurement techniques,

offering high-resolution data, flexibility, cost-effectiveness, and safety.

2. Hik:

Our methodology involved using a Matrice-100 drone equipped with CO, and methane sensors, a
sample collection pump, and a GPS module. Initial stages included laboratory equipment testing,
followed by calibration and test flights near a JMA-operated Observation Station equipped with LI-COR
LI-7000. The main experiment, conducted at Niigata University's Muramatsu Field Station, spanned from

June to November 2022.

3. MEREBE:

We observed notable seasonal variations in CO; concentrations, with peak levels in May reaching 417.7
ppm and a significant drop to 412.5 ppm in August. The fluctuation in CO; levels was closely aligned
with the intensity of vegetation, particularly in soybean fields, as revealed through Normalized Difference
Vegetation Index (NDVI) mapping. This correlation provides valuable insights into the interaction
between plant life cycles and atmospheric CO». Additionally, an intriguing pattern of increased CO>
concentrations with altitude was recorded, underscoring the system's capability to capture intricate

vertical profiles of CO; and its interaction with environmental variables.

4. L w:

The deployment of our UAV-based CO, measurement system marks a significant advancement in
environmental monitoring. It offers detailed insights into CO, fluctuations and their interplay with
vegetation dynamics, reinforcing the importance of UAV technology in contemporary ecological research.
This innovative approach not only enhances our understanding of atmospheric CO, dynamics but also
showcases the potential of UAVs in revolutionizing environmental monitoring and analysis. The findings
from this study pave the way for more sophisticated environmental assessments and contribute to the

broader discourse on climate change and sustainability.
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FH R REICALE T 5 EREW CTH LMEIHOWER Y = 7 28I L, 5= ERRICHE A L.
YR =27 DG 4em 2 L<IRE LT, WEE b5g /3 T/WIHRE K 10g L& bITAh, A
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L72RIZ5, 15, 25 CTHI2 » A OB EFERZ £ L7z, T XTOREKITS V7Y r—Fh
EHE L. EHICy RAR=2DO T AZERIL, £ O C0x CHy e Z IR 2 54T &
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1. [ZCHIC KL T T, MWERICHIT 286 RAM & THEE (L%, PPFD) »°
O A r — L CHEHED ORI LT 5. PPFD EGKIC & L7z b &, (HEEOMDE A R B
(CAE, Po) 3B OB ORMENE L bR T EATHIZ ERAMBNATND. Z08
LENAWRFEEL LS. PPFD WA T2 KL TICEIT D Ph I 2L — b LEWISE
(Taylor and Long, 2017; Tanaka et al., 2021) TiX, NEMRFELEE LI2HE O HEE P, 1L,
ERLEVWEAEOZNE 21 % FlEl>72. LML, ZALOMF%EE, E0k iR 2—rd
PPFD ZfbA X2 hThH->TH, H—0 PPFD AL/ % — U FCTRIE I N Py DILEIEND Fx
IZHEDNT, PoE 2 al—hLTW5. PPFD MMM OHERAICEILT 5 KB TICE
7 5 F D PPFD Z{bA X MIOWT, Z1LRiftk D PPFD X°, AIEOEREE &M/ ST X
ST, P RRAL T T I H A (LR, g) DINEICET DRFMITR R D LRSS, L
L, BEEOMIIZEBWNT, 2% PPFD Bt/ X% — 2 OB TIZEIT D Py X g DIGEIEI
ZHELIZHOIXR S 5720, ABFFETIE, PPFD AEHEDDOHERIC LT 5 KK T
BT P.OIREEROLCT 5780, XF S EER PPFD £ — D FTOF a7
D P, B g DISEBNEZPALITSHZ 2 AL Lz, ARETIE, Ziigtne
LD PPED 7 Py B L O gs DILE RN RIETHEBIZOW TR ZEE 2 RET 5.
2. Ak Ry VoAb 2 A0, A LED ERERE LA VX aX—F N
T, A% 16 hd!, BAHIOEER PPFD % 300 pmol m2 57!, &l % 25 °C/20 °C (BAHA/mEHT) &
LCHm L. #Hi% 20 A HOMOE —A¥EEL Po B IO 20
gs OREICH L7, BIEALRICIE LED A TR YEEIR
A7 L (Fujiwara et al., 2022) Z H\, FEHEREGE (IEC 4=
60904-3) Dty Y434 & 380-800 nm D& PH THE I L
7=. M PPFD 50 pmol m2s ' DYt & 15Sh BHE LD DL, 0
500 pmol m2 s |Z EH-&H, X5 1S5hBHELE 2o -5 L
MO P, BEO g ZHEM A ARG RN > 2T & (LI- 0.6
6800FP, LI-COR tf) & f\WT5s Z & ITHlE L7z, HIEER
2B 2 225D CO2 iR % 400 pmol mol ™! & L 7-.
3. #REER PPFD LAERC, P IdEREENE S - T
FH L (M 1A). Py DISE 2 —IRENRDISE L B2 L
lE, WEKILSS s Thol. g d P E0EOMCE 0 > o
L7, 40 min DAREIZSAICEAICEZ U7 (X 1B). Py @ W [h]
TRIFZEAIL g ORRRFE(LZ KBL TH BT, g 2 PollKk 1 HEHPPEDA 50 umol m2 5176
ETREBITIZEA RN o2 btk PPFD RS 5 500 pmol m2 s M2 B SETm L&D
. . - P, (A)B LU, (B)
WZmi<, g EFICTE D COor g D RD P, OHKRIZH S
TLHEWMREINDIEMTTIE, gDISEERRL, PyDISENLVBENDATREERS 5.
PPFD b5 DZE (L% PPFD 73 Py DIGNE RN AT T B O 2 5 o T, Z{kniftk® PPFD
KHER PPFD 24t A X FORBAZER LT, S6R2FEREEDDL TETHD.
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A S KRR A2 v TEPOEHERN SO N T NVEEA X V) BRI EE 15T,
REGGM - TR L OBREZEMT HILERH D, THETT v o —iECiHE L TS
L7eAZ 7Ty 7 Rk U CTRIEDBEN KA LN TE 72, Lol imFEEEIC L DR HE
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LCHIERE « B2 < T OMENRD D, HENREDMNG T 7 v 7 A2 HET DA 3
—REEFT ¥ N —EL D REWVWRAT — L THGICEHTE D A U v FR3dH D03, RRIK5 B
WCHW O FFNT RV, ABERTIE, A N —REIZ K DRESBEDO FTREMEZ I 620N T 5
T E B, KREEVEN ORI A & U YREESA 2 E LT RIS O W T 9 5,
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AREBRIT, 2023 - 5~9 FIZAKBIRS X0 RN oK HE (36° 01° 277 N,140° 06’
30" E) Tito72, BHIT1EN 10 mX50m THY ., 9m U FOMEX 2 DITxt L CTHIE %
ToToe AKRRIZB2TICEE N LA ML, 6/1512 0.15 mx 0.3 m MME CBME L7,

KREA L PRETS P ESEICRE L2 F 2a—7 280 TRREWS L, A% v otrat (LI-
7810, LI-COR) Zi@ L CHIE L7, HIE & EE 1Tk 2 FEHEIZ 0.02~1.5 m DO#iPH T 16 & &
LTze ZERDOWENEMAS 0L EL, MEPIC2LONRYy 77 2REBLI-, HEENS DWW
1% 15 RIBE TITV, 10 A Z7v (4043) 2 1& v F& Lz, MITICITEEE 16 BHIE Ok
%o 5 WM E A, U CRESE AR & 157,

B DWIREDMEGD D DOEERIT 2 FifIT 72, 1 DHIZ AT VHEA X ORI iR E
HEASE DD 2 2% KIS 2EER, 2 2B ITKMRIRRRE X & o ol & 2 24k
DO T OMMBX 1 OKRFREIIZT v T H B ERTH D, A X RO R E I
1% 8/24~9/1 (BEM) & L7z,

3. HREEE

FERLIZBWT, IKEEDO A X AREITENRZRN R 1L, —REREKIZE D ST L
AL DD ETRBEL TND EZEZ BN, ER2IZBWT, IIMXTIEEEN ERLELE D
W ONCRENME T T2 0MB3 S0 NN, 7y 7R TIE0~4em £ TITHEOLNTET L
DDL 4~20 cm TIHBEN —EIZHVIREEL 2oz, ZHIET v TR T, 7 v 7280
ALY, HBE LY BFEREO A Z L ORHEEICENE LD EZ BN,
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AR T, MRBREOAZ UHHEEOZEZRELS LI LICLVEEEND A X RE AR
MEBEZITHIERbhole, A U NA—REEHOTKENL BRSNS A X D, FHER]
THEAZAT O 2 & DO TE LA RBMED R ST,
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FERERE DRI IS < 3 A 5 X X 3 7 @) (Sphagnum spp. , AT, I X7 L ES)
FEICTCOR LR — FEROMEI R EDREZ=EME L THWOND, b — T A T
REEFIZIRZ o2 EfbfEim & LTHIHEBE NS, ZO XTI XAV HITLEETH YV
RS BN 2, ERE AR BEIIHM L TV 5, Loy LIERZR BRI &0 R s/
L. BADOWEE O OIEINEETH 5720, BOK TIIREHHIM O e T Tnd, BA
DOEFEITEBEE THY . I XIATHEOREICE > THRRWREENRD D3, BEMFD k5
22 AT IR 72 2 MUl T OMFEFNT D 7200, 2D X D REETEZ < OINEZ152 72D ITITERE
DI T DB DINE ZHET D LER D D, AR CILTEME IV TR 250
THSE LIoA A I XA (Sphagnum palustre L.) O HSHIFZh AR 058, Jeh ARREZ A L.
B SR TIZ R T 2EE D R M AE T 58 & 7l L 72,
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2022 4E 5 HIZJE & 5, 10 em(KAZ-5, 10cm) DEIEMF IZEAE Sem DR E 4 SdH 1T, FofI X
I EFELTT 7 MEER LT, MARNBENRTHIZBWTT 7 MIA A I X I 7 BRI (TMC
) R Z AT, 7T A B 50%, 65%. 82% DM CAEB SHm, F7 2023 4 4
A A I XA 2 L2t SRR ZBEMAT, FROERRGETEFTSEL, I X
=/ ORFEIX 3D A%+ J— (POP 3D Scanner, Revopoint)Z W THIE L7z, F7-IHERZN
A A~ AZWEL, ZIEE OGS BRFFIHZE RIE #R M L7z, 2023 4 6~7 A28k
RAZBI L SR 25°C T CIEMYE A BGEEE 2 51l L 72, & 51245 4w (USB2000, Oceanlnshight)
TSR D B b R GBS PRT 2 B L, Chl "0 6EHEIER (FC1000-H, PSI) T
HA BSOS RDTEME 2T Fv/Fm 25l L7z, BRIIFEREICE T L7807 00 ab, 7
BT AR, Ty T =roflAERL, GAEONE L HPLC o4& LTz,
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2023 5 4 AIZB T DB ENAHE X DS A A~ ABIMEILFERE TH Y | I L 2 RE T/
Ehole, AAIXITT O ERINE L ERZEREICITERMZRBEEIH Y . RUE (TR
WEF RDIT DN TR T Lz, 7 ARIKE, R 82% T/ run 7 A LV EFEPR B L.
IR Th o7z, — 5 THELH 50%, 65% TITEAMNKRED D RIBEIZZE(L LTz, HPLC 5347
DFER, AAIXITZIET U b T =0 BELS GFENTWD ARV, Z OR1E Ak
TG T 20T /A FORBMEMLZZ LICERL TS EEXbND, HEER
(% PRI, Fv/Fm, RKHEEBEEICKE 2EEL RIT L, EENTHATRDICON TR T LT,
R PRI O RIZZE A OBIRMICELL L Th 0 | REOIELER 82% CIIF AR m < K
B DR 65, 50% TIENEFHABEMENZ L 2R L2, 2 OFERIT RUE &2 Y64 lbie 08
FIPDHHATE WD EEZOND, UbEDZ Linh | 4 I XTI 73R LENE HERE
EEASEDH LT, AFTHRBREICIEEL TS Z RN o,
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B d, EERERESEOCERTH L, AEBRE TR, BT RBAENBBELE RS T
W5, FTARATIE, BEKRETY, THOKGRED 2 BSGAKEIZITVIREBIZRSZ LI2XY, HEE
TFERBENRB LI ERESNTND (EEFFD, 2022). LL, E—~ 2 TiE, BETERA
DIFRRZFE LImd@E» D72y ek S, 2007). £ Z TR TR, Ry MEEFIZBWT, #
N R OFEARD BRET RBAICKIETHELFET D & L bIg, EERIEICBNT, #EKED
EWDS HBET R A KT TRELRE L.

2. Fi&

AR, FIERTFAERS v N ANOIANR AN T A TITo 7o, R FIE, ‘ABE (A[)
R = EREMZEET) 2RV, 3Bk 1. DRI JONEKDS BB BRI KT TR 2022
f£3H 17, 283 B X129 HICED 128 /L b LA MR, 0.5 358 ORZE 2 BEH R (12
B9 em Ay b, 2O 8EINHIEL 5 A 31 HICER 15 cm AR > MIFE 2 Ok BT %
1To7z. WBRIT, FERMERE L7z 202246 A 24~26 Ho 3 A, Ay MR TITo 72, 8
ORBRXIL, WEHkGE X, HEHErX (6 H 25 B ORI 11 BRCHEEEE M 2 Bl k) B L O
JEXDFF 3B & L7z, #O0IE, W bREMORTA 2254772, HERKORBRXIT, #
AKX (48 B 2FAT 9 RRICHRITICHEK) B X OMEFEKIX (FAEIF b, MK oft 2 BRX E L
7. PAETEEIL, 1RE, M, B, REOBES, ABETRBAERE, RESKE, HE, =
e, REORmEE, BEBSIONEEL L. 38k 2. #EKEOEWVD HEETEBREIIKET
TEE 202343 A 20 HICHERE, 5 H 3 HEMO T 4 RENLTE L., BRI, R
KRB LSRR (BEHEHEKIX D 3 EREZHEK) OFF 2R BRKX L Lz, 72, ABETRIEE
L THKDREDOBBERET 2720, FRBRKICHEKEILX (8 A 4 BURE, MHEK) %
BT 7o. REHEIE, IR, BEETRIEAE, REORmIEE, WE, WE, HHEKSEBX
O pF L L7, MRARTRAE, #EKEIERFO 8 A 4 AR L UMIEK THRED 11 A 10 A OFt 2 [\
TV, EKREIEXIZOWTHE, #EAREELS 12A%BD 9 A 7THIZHITo 2.
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B 1. R K OREAKDS BBE BRI KIET B B BRI R A R, Mk X 2 0%,
HENEH T K ds KOV SE XA 4.83%, HEKED 0%, MHEHEKEXDN 66.7% CThoTo. ZD=9,
BEKEDN BT RBEEICROEET DL EEZD. AT ERER, EUAEKETRELEY
— VCHENA AT 5 &, SO TE DN s 5. R 2. HEKEDEWVWAH
e BRI RIETRE RIS ARICE T 5 BT R, RBRREICEREENHEO LR
o l=b OO, ARETRERIBEART, LXK 8.4%, HEAEHEKXN 9.T%THV, LHEKKX
DIEEVERE K XAZ B TRVME T T o 7o, AT, fRINEF K OVATIRCR B, Z3EK XA
FERERFE KRR THEICEL, #EAKEOHEMC LB, B3k oRIL, RBRXETH
BEEPRBOONTC OO, BHEARSERE AT RBER L OMIZHEANRO bRl lz®,
AR T DREAREDOZEL, ARETRBEICHEEL RIS RroTcbBEX L. %%, BRI
SFUERCTBEOREE, AFAT VR ERARETEREICKITTHECONTHRFTS.
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O/NAEfEEE (BER), saRiEsk (BIaRED), IR (BIEKRED),
A B (ER)

1. [FLHIC

T AINT T ADF L T o X D FEE) 1X, BRICHFTHEXEZTITNHEL, #
Bk TR TH D, EED (2021) 1%, WERTSA T oA (BLF, N7 R) 12 T5
D oX VS ZEATLIHERER CLF, [T 280 > X VEEE)) 2R LERN, &
FE 1A FIIRRERRR AT O 7200, WS RLGAD 2. 2 2 TABIZETIE, [T 250 5 & 1
B OFEM LAEROIER B2 BRE L, FEEHE L TAL — Fa—r oy ZBGE
BeaAT\0, A, BB I OREEREEZHE L
2. A&

ARERIT, BARTFAERF v oS AEMEY (LUF, AH, 5 50 m) 3 XU ZE)IR)
R T R AE DR T X O Bl A= pEE Yy (LR, BN, A& 108 m) DWW 4L s BRI /A 7
NI ANTITo 2, BRI, KT = RU—4" BEO PSX2001° (Wb 81 A
=7xzatf xR (BR) & L7z, #MX20234 1 H31H, EfIZ2A 90, £AFRB XL
DU ST 5 A 16 BITHT o 7o, BAERRRE K OB EBIE, 41| VB 31l it A L e (e
BN, 2022) (IZfEoTz. NTAAKIR, N ARNKIRB KON ANBH&EIL, Y0277
A Z—=IV ( () B, ) ZHWT1 T EIZEIL.

3. HRLEER

AT, SMHEEFTIE, M EEE, B BRRBIOVTOIZE VT, PSX2001° 23 K
NFx RY =57 ([ZHARTHREICEL, S, BB LOREICE VT, Btk
HIZEERTHREICE -T2, INEE, WEMTIE, “FrF= RU—2A47 2% ‘PSX2001° (T
ETHEIZE LS, B <X, BIIoFREENERIZIEXTHREIZE T2, N X
S0 1 BY720 OVERIRIE, EEPEINCHETH 1.0CHELS, "V ARND 1 HY720H O
IR L ONEH B EE, BIIPRERICHESTEAZIVN 1.2°CE X O 10.8 Wm? &)
STz, AREREICOWT, BN ERICHESTE > TEHRIE, N ANKIERB X OEHE
MEDO O THDEEZD. 5%, A4 —Fa—rOfigHES LI OT v 7r— Mk
ATV, AT 2850 o & VR ORI T 5 A A — F a—r Oy 2 REGER: O

P2 T 5.
£l A — b a— B 2B X ORI 04 F B K UUUR O
A [
s i H E H T B P ok AR SRS R sHERERS
(g) (2) (cm) (cm) (x) (g) (g) (cm) (mm)
o A= UL 10242 sl le87 ,, 183 . 02, 337, 2004 ., 193 . 493
PSX2001 11653 114.3 191.3 153.1 1.1 319.1 224.8 18.3 47.3
1] FrF=KY—2A 9151 s 97.6 " 179.8 ., 1410, 0.7 s 363.2 ns 260.1 ns 19.2 S 49.7
PSX2001 1025.8 - 69.5 202.8 167.6 1.1 o 346.3 T243.1 - 19.1 T 464
A (A) s P P P B Py Pe P
syloyhr  HsEH (B)

AXB* S, ns. ns. ns.
FOUREICER Y, #KIL%, *FSRAKETHEEDY, nsIIAEERLEZRT (0=10)
Y TIERESHAOIIZE Y, #KE1%, HIS%AKETHEEDY, nsIHEERLERT (=10)
* REIEME RS




