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B EOEERAE L L TEAENK 1 ppnds L TR0.06 ppmTd 5, ABLH T, BRI X 0o
PEHI B & R o & B AEL A BURAT T 5 2 & T COMBEH BT 1T 50,:C0. 48kt (Oxidative Ratio;
OR = ~A0,ACO, ' (molmol™)) ZHEH L, COMPEHBEZER I LICENTIHILEE2HET., TOHRK
A& S P EOmEES2n & 3TmD A B 72 B 1053 fE I AZ BAZ oy etz B A L, REWNHE L 72 i % v T,
B L OCORE D2 FERIIR L 22 (A0.38 K TRACO,) A MR L7z, AL TDO0,d6 L UCo, DR & (Fo
BEUFe) &ZDOR (0Rp) F L OELIEILEALR S (K) OBMRIZLLTO@Y Th 5,

Fo = —K AO,Az"! (1-1)
Fe = —K ACO,AzZ ! (1-2)
ORr = — FoFc™? = -A0,ACO, ' (1-3)

Fo, BHH AWE ., AMEES X OCAMFERIC L S0RMEE L TENENOR = 1.95, OR, = 1.445
LRy = 1.2Z 82 L (OReB L PORfE 1ZKeeling (1988)2 X U . ORWMEIZKER - NEE - & HE OIEK
PADOWEDONFHE & UTHEE) | COMPEHEICHD 287 AME, AMHER X CABMNEREZZ N
ZHFe, B X OFRE LA, Rx KREXK TIIARMEE S EDIEBOF 5N BH X2 LRET D &

(COPEHED 7 v M7V & FAICAR LHITR <, MARMITIEZFL L OAFIZZENLZENIBL LU2%
ERROHT/IEVY) | FobFel W TLL FOUERMNAL Y 1o,

Fo = —(ORFs + OR.F. + ORgFp) (1-4)

Fec = F + FL + Fy (1-5)
woT, KU-3), (I-HBLOU-5) ZMAEDETHIT L, AMMEERERZ A DFGHT — & 10,8
MHBHEEL THZDZLICED, RAMETHIFREFEZDHL CRABL D Z ENAREL 2 D,

3.3 KRKHF"CO,
RECOH DR R FERNLAR (M) OBMT — Z 1%, BRI N %56 LT BREEE Rt %
(CERCBIAEFEGOSAT Y U — X & FW 7o IR EE 2 5 0 A H H B R 8 1T B 3 2 BUlT BR JE Rt 36055 .
) THEELZLOEEIMHEA L, "COoro-o0 RAEAEZ8HHD2.5 LTT A7 7 A 2 |ZHE
L. /NI GR35 N R SR B0 M 5ENTES-CAMS & i W CTHMC B2 08 L7o, R FBRIMIA L AYCIE. ik
SRS 2 2 58 U 7= [ E Rk & R YERUR 0 Ve / PC o BT, RIREIRAY BIZh B 2 & L 7= AMC = §YC—
2(8C+25) (1 +8'C/1000) TEFESN D,
B SN TZCOLREE & Z DAMCE 2 -V T AL AR BE R JRCO, B A LN T CTHEET 5 Z LN TE 5,
Rk 58 OIS I
€0, = C0.%¢ + CO"' + €0, + (0,0 (1-6)
COPAMCPs = COLPEAMCY + COLPTPAMCP + 00, TAMCTT + CO0"AMCo™  (1-7)
Z 2T, BFFET obs, bg, bio, ff, ocn IXFNEFNEBMLIME., KDy 7 7T R, B4
W, AL REHRBE, WEE R T, AVCTIIEE D H-1000%ThH D (MCERIXERr) . £, AMCIEE
WCHERERIZ L D b D TREAD /NNy 7 75 2 FEIZEWERE L (AYCo=AMC"™) | F 7T I3
ERKDAYCOETMBF TE HIFE/NE N (AMCor=AYCS) Z L2 EBET 5 L, (LA REHERCO &
(C0,") %Y
CO,™ = €0, (AMC"—AMC™) / (AMC'+1000) (1-8)
AVCh X, ESEBREEMIEAT b =2 ) v SR — g VIR (IR EET) TR SNy o
77 RREOACT — X BHEE Lz,
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3.4 7wV

ORIZ & B RBEFE A JRHEE Tld, A KBEBLEBICH D Z L B ARMRBED BT EE I LT
DS, HEUEFEICNI T D K DR BT X ORSAT ISR T 2 4 IRIREED S DKL 2 KiC I+ &5
F=H VT THRERDD, ZO7DIT, Pl s OICHEMAK & OROPE Z FRIFFIZITU, A RRBED &
OREREATRENEMR L, xRV A voEE (M E29m) 2267 VI8 7% L T16. 7L min!
Dt TRRZ WG L, #EXHR (XRF) 347 & BARIINIEIC & 2 PMy s HIER: (a5 RAERT PX-375) % M
W, AR T O 8 R IR BE & PMy. sl B 2 38 e AU HIE Lo, XREZXHT 20 B 45 & M 7o 48 Al 0 IR
fEl%, Inductively—Coupled Plasm (ICP) BEH&E/WHTEtZ AW THRIEZ 1T - 7o, AWFZE TIXXRFHT TH
HAzFe, Cu, Cr, Ni, Pb, Zn®D 6 THEDERET — X M EHE L THMH L7,

3.5 AI#z&E
ANLHREIZONWT, LFOFIETHRMNZITo 72, Bl S 5B E (Hobs, Wm?) (X
Hobs = Hnat_building + Hanp_building + Hanp_car (1-9)
Z 2T, Hnat_buildinglZ B (KB D OHh) &I (nat) DM R E L aEE D O OBREL
Hanp_buildinglZ A 2 €& (anp) O EMPEEN (22303 L OMARIC K 2 8EH) | Hanp_cariZ A2 E RO B #)
HHFATH D, ENICBOTARRE LB AABENOGHET 2204 m*BETHY |, hoHEHHA
LHRD NN WD L2, Hanp_buildingiZ#BH U AR X OESEIRIC S SN D,
Hanp_building = Hanp_gas + Hanp_elec (1-10)
Z 2T, Hanp_gas, Hanp_elec, Hanp_carZ i fiid 27012, U FOFELRE LR EZITo 7,
%7, Hnat_building ZHIEBEHNKET VI LV RD D, W L OERE R TOENIL,
(I-a) S + L = Hnat_building + ¢E + G + oTs* (1-11)
EET D, T BB ER, SITEEAN &, LIEREH &, ofs"13Rm» b DRIEHKN Told AT 7 7
VARNY = U, TsIEREIRE THDH, XN OBEEHnat_buildingds L UEEUE (UXHMEEH =Y
DARDARFEEEN, EITHRRERE) 2V TIECRO AT AZ )V E—va T 5,
Hnat_building = ¢ p CyU(Ts—Ta) (1-12)
LE = Lp BCiU(Qsat (Ts) —Qa) (1-13)
cp IXZERDOEEE, ClI V7 kR, UXEGE, Tald&ii, o lXEREE., BITAKLE,
Qsat (Ts) ITIRETsICB T D aFftbiE, QalIZEX DR Th b, F-HIHFEERAGIZIZEM AT A F U E
—YaryEHANT
G =32 Ai(o cg pg Ag)? cos(iot —¢+n/4) (1-14)
ERBT D, MIEMBEZFYACRIALERORE., olXT0ARHE,. oXfifHATHSL, -
cg. pg. MIFENENRE (B THNITEM, BR TOHIIET A7 7V NE) OB BE, 28
FThDH, UIREHEM, X(1-12)~ (1-14) & (1-11) ITfRAT 2D & B RIT R m iR 2 R mkk &
TOMTAL D, Lo T, ANWKESEME (S, L, Ta, Ta, U, Qa) BXUV/T A —% (a, CH,
B. cg. pg. Ag) FHWTZ O L v RiiRE 2 Rk iX, X (1-12) £ Y BHEHnat_buildingZ R
HIERTED, NIA—ZIZHOWTIE, BEAESREY 2L 0% A FPTOEEMAVEZ, Zhbon
TA—ENEETHLE I DX, BB ATICEI VBN SN -RmEE LHEEAL KT HZ & T
MREEZATV, TORYMELHR LT, B, BRIV T (Z7y b7V b)) BT DMAEIR, mE
HIZLTILL T TH D O BEmEOFH (K1-12) ([TBWTIEHR L TV D,
W IZHanp_car & Hanp_gasi3 B & 7L 7-CO M B IC ., CO, « BAEHAREL (Agas. Agasoloine) ZHMT T
B L7,
Hanp_gas = Fcos_gas Agas (1 — S B) (1-15)
Hanp_car = Fco,_gasoline Agasoline (1-16)
Z Z T, Fcoy_gas & Feoyx_gasolineld, OB Ty L7 U A EPCOPEH & & 7V U IR COHE HY
BTHD, SITHT T AEEICB T 28G0OHG . BIZKEGHERAD 5> b RA~HEH SN2 B0 E S (RE
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kaTTK%ﬁéﬂé YEBRWEEIG) ThH D,

ZETT, MHEHABIOHT Y Y RO N THE (Hanp_car & Hanp_gas) 1ZROHATEY |
53‘26 IXERE DO N L Hanp_elec Th 5, SEICIR X7 F 1L THnat_buildingZ kT, X (1-9) |
(1-10) 36 X OV AHBE 1L TBLI S 72 B ZAHobs &2 5 & | Hanp_elec®k %72 & L TRDDH LN TE
5, B, ZDOHanp_elecllit, RN MBI ELCOMERR S B W TRAE UMb EREIR O P
Mz T, BRBEZHBL TRERADOLBNICASTLEARBRKIOERIC LY BARKA~ PS5 bEE
nNTwWb,

4. BERROEBE

4.1 COLBEDREER

1.2 (a) i, St EBAICT 2 FHM 27y N TV v R ERT, B, —RNICEEEICxT 2
Ty N v F REICHT2ZENLD bIEdrnckn Y 7 D, FEEICLY ERANET D72
W7y TV B EEATMNENRRARDLND, MEEICHT2HFIXTEAERY A NEFEOFEEMT
EDONTWSE, 207y F XY v h bkl 5D s AEMOEEERDD &, ELATEAEN
9%, 2% T o7z, 1.2(b) & (c)IZCOMLEREDEH « HELZ, (d) T A RO E/|EZ R LTz, CO,
WCBWTIHH 9 4 F 2 ORfEICE — 7 2 b DA AR FH ZMbT RO S, TNEREELEFE
JECOHAHBEEDO AZLEZEXB L TNDEbDEEx NS, —J, AT ETFHAY -2 L LA
fLERLTEY, KEBEBHERFEOBEARRKREN EBX 01D, BB, V77 —<20@8 Y=L ¥—F
TOVERE TIXEEM R T O KB EROBE@E I E I TWDH 7z, K1, 2(d) OBEEAGHIE b %k
DANTLHBE L AEDbE TETARIECHEA SN TND

(a)

JST

0 365 730 1095 1460 1825 2190

day from 1 Jan 2016 -20
(b) 2 (d)
300
25
) 250
o
E 20 1 200
]
5, 15 e 7 150
-9,
* I\
e 10r \\/\ ] 10
o~ spring
8 5 V\/ summer 50
autumn
! | winter 0
0 — 0 365 730 1095 1460 1825 2190
0 3 6 9 12 15 18 21 24 day from 1 Jan 2016 -50

LST

BJ1.2 (a) ik EONEE 7 v N7 > b, BARITEE &S T 2% 55360, 50, 40, 30, 20, 10%D =Y
7 GMUD S RS ;@iﬁﬂﬁ4%ﬁ%f# 500, 1000mD> =V 7 &3, (b) 104 (2012~2021
) SR L2 ZEH T & OCO Mk (umol m? s7) @ HZA L, (c) COMfiksE: (umol m? s™') @ HEAL,
20164E N D64y R LTz, (d) BHEMREE (W m? s D HZE L, (¢) EREIZR LT,

4.2 KREF0,8 L UVCoH#EE
1.3 (a) 12, fRx RKYA FOEE2n T S KK F0,3 L OCOMEEE . 2/ E R 0 E A0 X
T'ACO, ( I52m — 37m) DEZE/RT) . BILOCOMPEH EZ AT, BHGERICIE, 0B EN R, COE
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FEDHEINS D80 HEH OFELJHI D AL TIROEEB B LZEH AN D, A0 & ACOUZ & W AH D2
RO AL, FRICATITEAO, KACO,DTEE R EBMN R LN D, F72CoMBEHEICIT, AFcWlin
DRI~ DOPH BRI 22 5 FHEBMMA RSN D, BUHIHIM 28 U7 PR 2 0R1. 63 & | i T 2
HEEOMBEEOROFMMRMEE TR LZ, 20O OREREIT, Rx KK O(LABREREE I LE D 0.1

B CO &, EDEENR, AFIIIRADOLZENDOTZORKATETIYARICEAIEND Z & %2R
L TWb,

BONTBBIFE R D Al ACO,, 3 XU DR H NEB) 2 i m i L, -
3). - BLRU-B)ZEHATHZE T, BHATAHEEFBIOAMMBEEREFOHANEH2HE L

oo AREHTTIE, AOFHT —ZICX D NMFFREEZFRE LTHWE, K1.3(0) 12, COMRHEH&E, #
MHAWEE, AMEEE, BIXOAMEREOFEEEHO ANEE 27T, KIZITHBEO®, FEE -
RIED T AEELZBEOM T —HICESI WM AEERE L AMEEES T TR LE, HEHT
— ZZ IS COMPEH B IE, FRICKIBIC, BUIRE RICH AR TRRFME 2> T D, MTTT AEE =
IZOWTIE, KEBINCESWIHEE, Mty — 2 b ICHlé KD 2 > OMKEZ/RTHNESHN AL LN
DM K OREFT — 23BN E S < HEE IS S TRIEICE KRG & 7e > T D, — . filHEE
BOMT — & L BN E S S HEEM O RBEIIHE T A DLHAITH L TS W, 1o T, HET—#Ic
& 2 COMPEH T i RFEAM 1L, 2 REFXOFREE « BB O ATHEFF A ERE X0 3 RKEFFMIC 2 -
TWHZEERBLTWDS, 2B, ZORFERICOFHEDOTEAUT —X FH 77—~ 28XV 3IcB0
T, Y= A NVF —ET VB LOBERIET NV EAUBR T D0IEH ST,

(a) % (b)
g — T 17— T —T— T
=
g = Total Gas fuels Liquid fuels |
8 8 Human respiration
& & Dashed: Inventory
] )
) 700 g Soild: Observation o
i R . . i —1600 © 201 e T
i ) Rl ] 5 ;
3 —_ ;
il PTRL Hﬁmg_ﬁw /
150 - {300 2 “2 15
= " = _
E K Th ’ - E]
= ; o g
EL —
4 Z 10
= &g &
& ]
=
E]
~ =
T E]
o =l
£ P
=)
g
=
% 1 ! ! 1 1 I L I | 1 !
EN 0:00 6:00 12:00 18:00 24:00
S : : e
© 2017 2018 2019 2020 2021 2022 Time

Year

B1.3 (a) (B BINAIZ) a2 R A b OEE2n THIH S 772 KAH 0236 K TNCO. BE 2151 FE i) oD i i 7=
A0 L TRACO, (52m-37m) | 35 L ONRAHBIE CHIHI L 72 CoMmBEH &, (b) KRB 515 D 4172 Cosfa b
HE (BRER) | MV AHEEE (FEHR . AWEEE RER) BIOAREHT—206HG060
7o NFERE B (RRAKHR) o 201643 A -20174E9 H OBLFE SR 0 bR D TFEFH DO A NEE TH 5, Hik
DIz, FEtT —Z IS T AWEE (FHH) amEgE GRER) b CRL7Z, (Ishidoya
et al., 2020)9

4.3 RRHMCO,

K1.4(@) 2, 77 AaY 7V o 7 THISNT-COEE L AYCE W TR (3-8) b ko 7o (b a Rk
EJHCOJREE (CO.™) Z/RT, Z 2 TIE3~4 BEICH % (201645121 7> 5201 T4E3 H I 414 100
B) ICEWMICERBR L2/ R 2R L, Bl S 7200, 1310 ppmAd> 584 ppm T, PABE 22 ZH 20138
B EN2hotz, —Ji, Nu 27772 RinbOCOMERSY (dC0,) x4 5C0,1T DEIAIL52%0> 6
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100%# T, BIZHE S AIEL 22 HmABHl iz, EHIC100%% KX B2 ERHDHMR,
Bieink £ BB AU K 0 COMRIN S 7= . B SN 7ZCOMEE MK 725 (dCOMIEFIT/INEL o D) =
TR T S, K140 2, ZNETIZE LN B URFICERILS Lz KRB O VCOHTRE R %2 v
THEH L72C0,"/dCO. D EEEE & Rd, &0 DAFEICHIT TELCO,/dCo23 M L, 6~7HEIZIZIE100% &
WRKZ &0, ZDO%, KPLAIT)T THA Lz, £ORER, CO"DEIEIX10H IZ60-65%72 - 7225,
HAIZHI L, 1-2HI280%L< ICET D Z ENbroTz, £ZFD3 7 H (12H~14) FEMHEIXT3%Z -
7=

THETOACEIRMNS . XZEDOCOMEELET DO T3 ABREHLIR ., 219N EWEFETH D Z L ib
Mmolz, NAWFHT =2 OHESINIZ ABNEREIZBHN ESNTZC0,7 T v 7 ZAD22%TH DI & 2 %8
T 5L, 21%DAEWEIRD 5 b 5% ERA B REJHCO. Th 5 AlRetE A /R S iz, Lol 77 v 7
ABPEREBRTIZZ v b7V U PRRELSEARD D, FRICHEBAREREIHC,D 5 2 2 M R
ROLAREMEN B D, ETo, AMCEMHWCO,"DOFHIAE) L EERE L AW HETITITEZRERRN S D Z &0
bhrote, Stk ESLREMIEHNIER L TWDHHILA T AV U — DA CBLIRE RS —BLRFET — X
EOFR LTI 24T o W ERH DH LB 2 b,

a
() (b)
g_ 500
&
3 =
o )
N

5 3
o
5 2

- N
= o)

: T4
T 1 I ‘ e 1" s e
g 1 . i | 22017 02020
S ol Ton .. . 4 ;12018 02021 emonthly mean
Q - - .‘-f.° ',.-." sde o b s ets .. . T T T T T T T T T T T
e o s % S NS T 7 s RN el 01 02 03 04 05 06 07 08 09 10 11 12
3¢ 200 | . ' 1 Month
&' 197 = )
Sl g P P, e
O o | 2
= T T T T T T T

07 10 ({)1 04 07 10 01 04 07 10 &H 04 07 10 01 04 07 10 é1 04 07 10

2016 2017 2018 2019 2020 2021
Date (month, year)

1.4 (a) (E2BlEI) 77223070 o 7 TEISECoRE (RAVUTTF%2KE, FHIILT%10
KDY 7Y 7)) BROBE TR SN 7-CoRE D 1 KR EHE (B BB AT—r a0
BUAGER D OHEE LTy 7 77 2 RCORE (BHt) . AMCIE. AYCIED HHEE L 72 b A RHE IR CO,
IREE (CO') . Ny 7T Kb OCOJREH Sy (dCO) (X Db BHETRCO IR E DB (7272
L dCO.2310ppmPh F DT — Z IFFREN K E W= HFRWZ) o (b)C0, T /dCo, D ZEHi A ), EHL1E2016-2021
oA FEHMEZ =T,

4.4 =7 nuJHMER

Ra R4 MTBUT 2 A RBBERIROCO,D % 52 ¥ 5 7212, BIRCEE TPMy s EE AN B L
TEMEB LA FEDA X N EZXRIT, PMo s D JCHEAAK DR &L ORZ FLBRFT L 72, 20174212 H 128
BBV P s R FE A X2 R TOORITWT I S A IANE & R T ARBEO H M 72 fix & v | JLEE
DT DA FICIIRRIEO TG IIRO N2 hoTz, ZTHIZH LT, K1.5() 2R L7=2017T4£10H %)
ANTHEN TPy s B B A X b TUE, ER B L 72PMy s DR ©— 7 128 U CORDZE b o 72, e KR
B (Period-5) & < Ml HIBIRE (Period-6) (CHEF H 32 & Period-51%PMy.sH OPb/Nikk A3 &
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< AIRBRBED BN RE S NT-DIZx L, Period=61ZPb/Nitb MEL AMRBEN ETH D Z L VRIE X
= (K1.50)) , ZOOOR (M1.5(c)) 1E. Period-5T1.33L 1K< . ARRBEDOZH G0N LB L TV
T EHRLTED, Pk ORE EEENTE 7, ZhE, MFEOHMEHERNZATRETH D
&, BROFEMHIC K > TUEIR A AR A MARBBERIEDOCONERT LAt b H D 2 & 2R LT
Wb, ZOXHIT, TEMKEEANRE TEREN SO OARRBEORBEN RBRI A XY M, &
% DOOR%E AW TR R AR OfENT TIXBISNr — 2 & LT BT Z E R ARE L 7e o T,

—~~
O
R

(a)

25

¢ 40 P P2 P3 P4 PS5 =X
£ | 2 t PMa2s .
Oct 11,
g? 30 J \\ \ "-‘E = 0600-1200,8T
.5 _ t/ \ \ % 15
© 20 / L \ o v 2 Oct 11, oct.12
= . ¢ \ £ 1200-1600JST 1600:2000,8T
S Pes® e f o | 8 10 o/ GidossoossT
o 10} / Bz \ o'® S Oct. 12 .
e *e /4 3 2000-24004ST )
3 JJ L _ S - & ?‘c""“—;(FD’)J"T
O et e et T
120048
y ¢ 8 9 10 11 12 13
Date in October, 2017 0
1 2 3 4 5 6 7

Ni concentration (ng m?)

N
(@
~—

ok (e) Period 5 i ol (f) Period 6 ]
Oct. 11,2017 0413JST Oct. 11,2017 0813JST

] - Oct. 11,2017 1553JST - - Oct. 11,2017 1953JSTH

R

-40 | 40 |

" OR=1.51
A0 (r=-0.987)

[ OR=1.33
120 (r=-0.997)

O, concentration anomaly (ppm)
8

O2 concentration anomaly (ppm)
8

-160 -160

400 420 440 460 480 500 520 400 420 440 460 480 500 520
CO2 concentration (ppm) CO2 concentration (ppm)

X1.5 (a)2017410 A 7H 25 13 HIZHELR S AU 72PMy s O AR R SEE D RER S, FEDSEEAT L 72 Period-17>
56D A X2 b, (b)PMy s DOPb ENi DA (I3 Period-5. R = MPeriod-6) , (c) Period-5¢&
BIZ T DCOJESE & 02 DA, (Kaneyasu et al., 2020)7

4.5 ANILHEE

HZFE6-8AIZOWTOHEMEAZKL. 61277, ZWEJR (oil) BILUEH T AEIR (gas) DAL
PEBZS WL F CHZEE /NS WA, A FICHETHEML TWD 0%, RiBEEOHEMNE L OFEETOM
B AWICERT 5 EEDbNS, —HFTERICOWVWTITFICAKICKRE S R Y HITHT TR HY
MUTEDOBIRT T BN ATEND, HEERZEIL, &M & AT RERRIC OV TIREPRD 8k %
7T w7 AORERIERNC I HIEREREN ST NEH0.3 Wm?, 0.2 Wm2E AL b b, EREIRIC
BUFDREIZONTIE, FIMED AT EZ AW HREENCE T VOREEZITV, KHRIZERZERE LT
~ LT,

HeE LIZRERDOZYUMEICOWTHRHT 5720, HEHEEABEGFOA X0 MY Ligd 25, BHRME
TIEAEEP2. 8 Wm>, #MH AT AEPE 1.8 Wm?, EXEIR 15.2 Wm>TINHDEF2319.8 Wim*Th
be ZHCx L CHLAZ®E - BEEE (2003) YO Xy b U CIEASELIEZ3. 0 Wn2, HiH Ak
FLEBREEOAFNI2.2 M2 Thd, FELIDA Ny b VIEEH L DTl EFEHHET
H%5, F£1-. Moriwaki et al. (2008) YiCk B A FU TiE, FHZ L TIEHLZNETOREN
LOBFHMEDH P RINTEY, ZAICEDEEFITBNTIT.S m*ThHhdH, 12X MY ZTEIZF
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A ECHRAFAREN TE L TR AR TIEH 528, D &b B EYMEIC OV TIBEGFA X
VNV ORYWERIET A LN TE I, EHICAMAETIEEEAA > X MY TN T o7
ZEHZEDOANTHAEDO R LN EHBDL LN TE T,

lEDO NTHERHEERER I, VYT T —~<2RBLO3 IR, TNETNEY =R L —FT LR
ioﬁﬁﬁﬁ%vwmﬁa A SR, BARAICIE, FER ST A B L O E IR O A THEE

YT T 2B AR RN X —E T LORRBICEH S, BEFEA X R Y L0 B BEEICAD
Lt%TWA7f%5@HEWﬁbﬂTW5Oé%u\£Eﬁﬂ%@%%m%ﬁ#7?%73@ﬁﬁ%
HEFABRBICEWT, TFAREEMOEEL L THASA TS, 2O L) CAKBEICBW T
FEHCEIVELNRTZATHRARBICE T, ETANHEICAMLELD LR TNDRYMEEZHHETET
W5,

IIT. BT IAX—FETFT NI L AN THROHEFERORIEICON TR, BT R F—
ETFTATHIEIN D KE~OHBIL, @b BA~HEH SN2 RERETH L -0, BHEICHIT S
T ABIOEREROPAEZAFE LTl LE (K1.7) . 72770, Rl L 5 1@ %
NX—EFETIIVOBRFEIZIBWTUIA T T AR OPEAE N EREZ & L ITHEI N TEY ., BHEICIEZ
TORFERNRITEBRLROPERAE L 25, KL TIZBWT, TFAREERO BB 2 — T EH
e L —HLTWD, HXHMEIC DWW T HlHE OZETBIR O GRERE) WICILE > T 5 FEH
ENIFEEALETHY . MBEIZ-2.9 Wm2, RMSEIZ6.1 Wm?2TdH o7,

50 T T T T T T

A
45 1 ol ——
gas —»—
N 7 elec —=— 1
Ry T
g 351 -
% 30 | P
g ¢ N
-
L2 20}
c
Q
§ 15 |
o 10} -
£ 51 TR, - 40N
b —y— “‘*—*:
_10 ol 1 Il L 1 1 Il L 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24
LST

1.6 HEZ (6-8H OWEBIEYEE) O N THEREOHEEM R, oi NI EEIR, gas|TAL T A A,
eleclTBXME, 01l gasDEEIIX I L TW R WA, FNFH0.3 Wn?, 0.2 Wm2Thb,
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50 T .
JJA
a5 : ] obs —+—
a0 | model
-
‘e 35
% 301 E/F\ o
o
2 25} /]\ =
L2 9 !
5 Y
g’ 15
o ~
o 10 k| /&..
£ B
E -
<
-10

0 2 4 6 8 10 12 14 16 18 20 22 24
LST
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IV. I Abstract

Development of High Accuracy Estimation Method for Carbon and Anthropogenic Heat Emissions

with a Building Energy Model and Monitoring Data

Principal Investigator: Masayuki Hara
Institution: Center for Environmental Science in Saitama, Kazo City, Saitama, JAPAN
Tel: +81-480-73-8331 / Fax:+81-480-2031
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Cooperated by: National Institute for Environmental Studies, Meisei University, National

Institute of Advanced Industrial Science and Technology, the University of Tokyo

[Abstract]

Key Words: Anthropogenic Heat, Carbon Emission, Building Energy Model, Thermal Environment

Mitigation, Zero—carbon City Planning

Currently, 55% of the world s population is concentrated in cities, and 70% of greenhouse
gas emissions come from cities. The IPCC’s Fifth Assessment Report concludes that heat
waves will become more frequent in the world’ s major cities during this century due to
not only a 2-5°C increase in temperature caused by global warming, but also a 1-2°C
increase in temperature caused by the urban heat island effect. This is why urban climate
change countermeasures are important. Therefore, urban climate change countermeasures are
becoming more and more important, and there is a need to promote adaptation and mitigation
measures against climate change, including the worsening of the heat environment.

In designing the above measures in cities, accurate estimation of anthropogenic heat
and carbon emissions (hereafter referred to as heat and CO, emissions) as both UHI and GW
factors is necessary.

In this study, we developed a new method for estimating heat and CO; emissions in
urban areas that differs from conventional methods in that it includes quantification
of accuracy and uncertainty through comparison and verification with measured heat and
CO; emissions. In the actual measurement, we developed an original observation and
analysis method that can estimate heat and CO; emissions for each emission source based
on radiocarbon isotope ratios and oxygen concentration measurements. Using the heat and
CO; emissions obtained by this method, we verified the prediction accuracy of the heat
and CO, emissions obtained by improving and applying our original numerical model of
urban meteorology and building energy balance. Combining the verified model
calculations with readily available information on land use, building use, and
population, we developed a unified method for national and local governments to
estimate heat and CO, emissions on an urban scale. We also developed a simplified
inventory tool that enables simple assessment of the impact of measures, and utilized

it for policy planning by a local government.
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