[ FR BTFZEARIRZ S 1 (Bulletin of FFPRD), Vol.5, No.2 (N0.399),183 -198, June 2006

i@ X (Original article)

SMESMRBRICET S 1989 F~ 2004 FD KK CO, EEDEH

BV BT %+ R RS - U ) - A+ i (R -
A RES AU - i S - R - ORI

Observation of ambient air CO, concentration at the campus of FFPRI,
Tsukuba, Japan from 1989 to 2004

MATSUMOTO Yoosuke!?*, UEMURA Akira?, YAZAKI Kenichi®, HARAYAMA Hisanori®,
KOIKE Nobuya?,ISHIDA Atsushi®, MARUYAMA Yutaka?, KAWARASAKI Satoko?,
TANAKA Kenzo", and YONEDA Reiji?

Abstract

To monitor the long-term fluctuation of CO, concentration in the air, ambient air CO, concentration observation

system with an infrared CO, gas analyzer (IRGA) installed with automatic daily calibration co-system was developed.
The reappearance of IRGA for one hour was +0.15 ppm by preventing temperature change. The maximum error of
each hourly reading for a long term (1 year) was approximately +3.1 ppm; the error was mainly due to the changes in
air temperature and atmospheric pressure, interference gas influence, and chart reading error.

The long-term observation of ambient air CO, concentration (16.5 m above the ground) at Forestry and Forest
Products Research Institute, Tsukuba, Ibaraki, Japan (36°0°18”N, 140°8°04”E, 22 m asl.) from 1989 June to 2004
December, was performed using this observation system. Monthly average CO, concentration changed approximately
20 — 40 ppm within a year. The annual average CO, concentrations at Tsukuba were higher approximately 20 ppm
than those at Mauna Loa, Hawaii. The annual increments of CO, concentrations at Tsukuba (1.77 ppm/yr, during
1990 to 2004) were also higher than those at Mauna Loa (1.62 ppm/yr, during 1989 to 2003). The results indicated

that Tsukuba area has been the source of CO, release.
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Tsukuba, Japan from 1989 to 2004

Fig. 1. BUAMOAIE (BZ1T - 7o ARMER A (FFPRD Of7#EId B 5& U C KICHBDOAMTRL, BBRU CRIEZ VR
Yo MERT— 22N UG (FHEMSRIHA BIHHE @ F Y FRK (Y b)), BRI ZRIALTOS, fitf:
EEONIHRN NV [ IRREA, st~ KE, M, ZAERER S, e 0wl - AdiEL FHE ok
Observation site. (The location of Forestry and Forest Products Research Institute (FFPRI) was shown in figures B and C by the
yellow circle. Figures B and C were modified the picture from Landsat data (Shashin Kagaku CO., LTD., Kyoto, Japan). Green:

planted forest on hills, and natural vegetation along rivers; light green and ocher: farmlands, such as paddy fields, truck gardens,
and lawns; purple: town areas, blue: water surface. )
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HAIVURT7WAEE : K7F05um, AT L VER
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MRZHTTE S, TOHFETERY THODE 2K
RT3, BB, RV TOEEICIZEIRE I L 72 VR
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Diagram of hand-made Monitoring system for CO, concentration in ambient air. (F: Disposable air
filter (0.45 micro-m), P: Diaphragm air pump (max: 5 litter/min), V: Air flow control valve, BPC: Back
pressure controller, SV: 3-way solenoid valve, T: Daily timer for calibration, M: Flow rate monitor,
IRGA: Infra red CO, gas analyzer, R: Pen recorder, HRB: Heat retention box)
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Tsukuba, Japan from 1989 to 2004

Table 1. FEAERGBAHOREL

List of main component parts.

ERERDAFT ft #& BEA—H— AU HEEN #E SEIAMFAEL (F)
Name of Parts Specifications Manufacturer PartsNo. 7% & Quan-tity  Actual life span
Supply (Years)

CO, Atfst FEDBARMER T BETBEX AT L ZFP-, 18w 1 12
Infrared CO,gas RIEEEE © 0-3000ppm R ZFP-9 AC100v
analyzer BIEM 0 £ 1%FS 50Hz

£ ar Y7k = 10% UK /6 7 B

VR
QR T AT 75 LHNEREZRTR Y BWEAIA V70K  GA- 33w 1 10
Air pump 7 > TRUEFR 380V-05  AC100v
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=A B BEERANY b BRI YDV-3 5w 2 10
3way solenoid valve A1) 7 X#Z : ¢ 3mm AC100v
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RAI— U EERAT— Fativ 2w 2 16
On/Off timer 1 P ERIDRERTRE AC100v

JL—ESAE 8 100v X 3A 50Hz
sCERGT BErFEmANLO—4 SRER TR T M EPR-10  #9 10w 1 12
Analog penrecorder AFIL>T @+ 5mv~ 1v (5 E& AC100v
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AR 1M Q
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T, YTV EROIESEIEIRIER CO,
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FEMET BT T, 10 ppm FEE O (JE IR
0 ~ 40°C ) MREF E N7z LLE AR AT A% 72 7R SHR CO, 73
et Tdh %,

KROFEHE S VTV IV AN TH EH. MHEERDTF 3
WIR—E— =R EMD TLELEHEMHNEN, E
2 ETHAEICEN TWS, OV olER(IE A L
OXR(XEZR) 2L O, IR EEMBE DD /A X
EREIGIZNEAEY TZ2IET L, EBREELM (25C)
TEEE B a OB H MR, £ 0.15 ppm/hr &
A= — R (£ 10 ppm B2 ) XL BB MITEH N
HEMENMEEN S,

REEZZ2— M) &, DHRIVICEDN DD H A
BT B 7DICR T Tz, IR DIz T —
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T—S—EICHR LTz,

5) s bint oA A
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%, TTTHWEGHEFIOF a v 38— aHr b & —{k
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JEZ2H 100 ppm FEEELINTHNIEX, B2 W0 IEE R E
D REIRF LN T b AU EL ppm F2ELLN O B EIEDE 5
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TWV3LE, ZHNDOCOREFLREUVIFET~3 N
ppm ITEL, HEMEDNERTEEWVIEEELT S,
e A A K2 3=T1&. st E O CO, I8 A it
ICEF LR WO HRE L THEMNTH > T,

7) sdkal

FUERTF v — N OENIEA 150 mm OV T 1 s
FxET (Fig. 2 D R) Z WV, F v — Mk D #E 2 20 mm/
hr TREfxEHiz, Fr¥—bh 6, Lok XSV HZ (0
FNEHIC—ME), BROCMREORK (BHME. HIC 24
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a b
Graduated < PVC
cylinder = Pipes
Water

Fig. 3. /KFEZFIH U722 iic AT TR D B WS R s
ORAK FdE 1 VY MVHDAZXD Y VX —TH %,
PRE hb %2 25 ~27cm IR 7z, THUT KD, CO, 7t
AHSE BN BT AT ADENERAES 15hPa FEEELLT
IKRDT LM TET,)
Scheme of a back pressure controller using water
pressure with simple structure and good precision. (Depth
of “hb” was kept in 25-27 cm. The additional pressure of
the analysis gas sent to the CO2 analyzer could be kept
constantly less than 15 hPa by this device.)

B O HTaHHE%Z 0.1 mv AL (Fv—F ET 0.3 mm
HAL) Tt s T EWAEETH - Tz,

33 CO, REDHEAREDIX

TROMVR CO, IRE D HTRT D HIIZIFERIE D T2, 1%
HEREMERZ N T CO, BEZ RO D T EDN—RIT
b3, M1—CO,IREMFRZERET 27HICY =Y
FAY—ZFHATEHT ENDHHM. THUIKIEHOW
BRSNS 2 (B ) ZA % 17 XD T HEt
MIEMICKRIEEN TS Z EDREZTH 5, B
FIHIC MR ITIC 2 e B NUXZ DEEFEALIET % 25
EHhH O, EHEOETE=2Y V7 2&ETTNITIHEIC
B RMETH %,

FIE L OMAR, BHEHORBREOEAREN X L
DR HWT, KBS AT LOFRYER CO, 70T ET
DIEHERZIEHIAR (9 ET DX 1 & XS D EREICKIE
ETNTWVAEEICHEA TR AR E R ) ZH A I kD
Teo TORF, Comz@mo, BRI (350 ~ 450
ppm) TOETEFEIONRVKIICED T,

CO,concentrarion (ppm) =

10.297 + X+0.304994 - X*-0.0078134 « X *+

0.0000730993 - X * -1

CO,concentrarion . 77K A AD CO, B (ppm)

X pHrEt T (mv)

UL ULED S, SWEEORIEZSHEE A (R IEN
FOBEIRERIEE ) TITo TWAERWEAETE., 5IHRICKDIE
W72 CO,IBERZRD D MRS, LITICZDFIH
EZHT. REH S AT LICEBT 5 CO, BEDFIE
72X %,

1) 1 ROBHERE R OwHI P 2 ) ZHW T,
FWWTe RSV A RREIC KIS T 5 i sHEdE N I BT
(Vstanderd * span : mv) XKD TH L,

Vstanderd « span(mv) = 70.456 -

(1- (-0.000153062 + PPMspan) — EXP(-0.00101455 -

PPMspan) ) -2

PPMspan : A% AD CO, IEJE (ppm)

XIS, EEKREENTOWEWSHEIT, ¥io
77 A (Vmes * zero: mv, Fig. 4 D A) & A )8 2 i R
(Vmes * span: mv, Fig. 4 ® B) Z2i% Lz O=HEED
S5EREOY T — AN VIEE (Fig. 4 © C) & 2 X TRD Tz
fEDkE (Vspan - ratio : #EfR250 %Rk 5,

Vspan * ratio= (Vmes * span - Vimes * zero ) / Vstanderd * span

—3

3) 2T T, BEEREMIDN TV R OMEITOIEL
W IEFE (Vstanderd « air: mv) HEHETE %,

Vstanderd « air(mv)=( Vmes * air— Vimes * zero ) * Vspan © ratio

—4

Vmes * air : 2 ADF v — b EOEE (mv),

4) FIC, 4 N TRD Tz 1| XOFHERIEFRZIC
MTIEDH, THAAD CO, IREZRDZ T LINTE 5,

CO,concentrarion =

10.297 « Vstanderd - air + 0.304994 + Vstanderd * air® —

0.0078134 - Vstanderd - air’ + 0.0000730993 -

Vstanderd + ait* -5

DD %, DHEHUOBAIRIEIC X SR WIIES
FEE. L0 XS BRSND %,

D) HrEticiEotaB X T AN VHREBHORT >~
TaA—&lE, BRI FZERS T EICKDEREL.
Ol EARFUEN R LR RO DL (EDOY X7
ZE, MRMICKAEEZ S5 ) Thd, ETHIC,
T T THOWIBMAKETIIZRERT >3 A—2T
37 < ATEIA 270° REORZRFIERZRAVWTEDL, 1
ppm AEE THETT T LldhE 0L <, BIEPICHE
HANOREE REETLTLRWY, MERMICIERER
HENH RIS HZD, TOXI BARELEZIRRT S T
ENHKS,

2) (ORISR ( ABTHEEE > A7 LT EH 1 E
DOED Y TENMICET « ZSUKIEDAIBEIC IR 5,

4. Ji ik
41 BRIV T LOBRMOES
TER SR OZNRZHET BTz, EMiEEZEE N, /X
(HEBZEMmZ E ). CO,EE 300 ppm, 350 ppm, I
KU 450 ppm DFEHET Z (WFNE N, NT VA, FK
Il L) ZZ2NZFNFE 1.5 litter/min THY 30 KFfE
WU 7o J50ekat Taldk Uiz, [ARFIC, FEBR=ENIRE
BXURINR CO, 2 HTEE D2 HT R VIR 72 A of (5
AVAR YR, KEA ARG IS K> THE LT (32
AEARER 1),
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Recorded Value(A and B) and Calculated Value(C) (mv)

50

40 ST WWWH‘-E’G:"" e Ry

30 p Tos Ay e o . —.-.—‘mc._.,_ - v

20

10 T PP P P T Y T My Bt (PP S
A

0 I

0 730 1460 2190 2920 3650

4380 5110 5840 6570 7300

8030 8760

Hours from 1%t of January, 2000

Fig. 4. 2000 FEC BT 27 iAW D LA A (Oppm) il (A), FiAHLD A28 A (450ppm) il (B). HBXUE

11— 2781 (0-450ppm) fi (C)

Reading values of zero gas (A) and span gas (B), and calculated zero-span value (C) in year 2000.

FERZENIRER 25°C (K9 70%RH) IZBW T, H205 N,
A A (0%RH), TNEEARIBADORISKIKICL S 5ER
IniE N, A& (% 80%RH), XU T OEN, T A%
IRAIOBIEERES 7 2 LB LB RN, A
(#92%RH) @ 3 IO H A%, HEHTEES (HE)
EHWT ST LI A TOMEHCH Lz, F2Eak
B 1 E RIS EBRRIEE B X OO IVIRE RS LT
(EAEABR 2 )

42 BREE

2004 £ 2 A28 H & TR, MRIER CO, o HT &l
(ZFP-1 & ZFP-9, ELBEX Y AT LXMW ) Z 12
HEABFIC K ZBNEE S AT L, DR ERLY A
TLEFEY LOMEEZE T 2 X 5 FHEE DA L
TELURENY A7 L (B8 CO, IBEEZEE, NAT
M) RV, WINOBHIS XA T LB\ TEH, #
HIBEAR DR IE LT & KKIMA I DHBFTNEFACTH %, T
OZNZE 10 mm, E&X 50m D PVC F 2 —7 THE
LTze REGHUAFREE 2 ~ 2.5 litter/min T, A 5
DIHTEREAUIHI 2 73 (RWME ) TH S, FlErDFE D [
fRlE 1R C & T, MIEROBMETH %,

1) A9 CO, s bist o )yt

SIHTRT O W %2 U B AR R IC FHET - BE LTz, H1hd
—EM FZEE LS BB EER T, K16 £
MTEORENRH>T-DIF 10EIEETH>T, TDE
CIIEEARY T MCEKBZEDTH - Tz,

2) BRIEH A

TR EMETEN, A (HEBERZ L ) 2
Fnize ZRUHREN, HRAEDREGH AT, CO, i
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5 450 ppm B4 DB E (16 £ D EHE T 447 ~ 454
ppm) DFEHES X (F LR L) ZRRE L T
ALlze TNEFNORIRDEHANHRNT NS EED
TRER 0S5 kgm’(LF 2 L— R —DFREFHBH=—R
WSV T DOANARIOFT ). gz 2 ~ 2.5 litter/min I
FRETL 7z

YoahAzmH 1220205 5750, ANV H A%
13:02 05 7 7ML, Sttt hz7 FuJi
FRETOF v — F RICE RS ¥z, WM ER S D
., Fr— O HEEDRDTH S, Ll OBEETK
ERFo MR, 7m’ REI N AR RO HIT
KPEEC e THho T, £y B AlC—RIfEE ORI
TV, BRBEIIECTLF 2 L—2N)V 7 75 & O
i1 Tz,

3) #hEzBi il

—fRIIC, ZEREY TR — FIVAOH I TS B
FEELRT UV, CO, HRWRKICET, TOBEIFEE
MEICHBEEINS 2O, FENER ORI BN EIC %
5, LHL. HOWZBRIS AT LTIERY TINAR
AR I 12 CiEMEZIT>Th5D T, ADEH
CIDFESADNNE L BHRITEIC K BB TE4 Lic <
Vo DTz, BIEEEORENORERIZIZE A EFE
Lizino ey, EFORENGRERIC, RN (96
TEL)DBMRBELDKT TR eNHD., BELLT
WECEEBAIIC RO R 73RO PVCREET—T 2K D,
100 w DHET > THRET LT, HEICE U THRE Z 1B
H2T & THBEZHVE,

4) M HADIET] - P
BIEFREIRICBIT 2KFEZHK 26 cm ICTARE L, KK
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J£ (1,013 hPa) & D # 26 hPa mW LR - Too 5L
g DTSR EO T B X UAHEIEmOREE =X —
ZHENICE=ZZ2—L%&MN5, & 1.5 litter/min T/
M 22572 iraticiE > Teo BRIEMEMN S 0.1 litter/min O
AUNEUTe 6 iR ToTes BN Z L
REDFKITII T IR 2T 7o, HIBOREND
S TeDIFFICHEIEETH > Tz,
5) idERDHiH L b LETHE

LT v — L OERED 150 mm DX T Fa i
Fratz AV, F v — M XD HEZ 20 mm/hr TR & ¥
oo FX¥—Frh 56, B ANRVHA(WITNEHIC—
[\), BROCEROKRK (BEHEME, HIZ 24 ) OoHE
H17% 0.1 mv A, (Fv— bk ET03 mm) TiHHA Lo
72o

5. MiRBLUEL
51 BHYXTLOBRMEO®RE
1) BIEfi O %2 1k

BAFE L7z CO, IR > X 7 L&, 24 BERiZZ Bl &
L TRIEZTTS 7o, RKEPRIE S AT LEAREIC
KIFST HMEREZ VR T BT ZRB Lz, HFRR
BWFFAT T BRIC BN T, CrHARZINV A A
iR LI O DZEE 7, 2000 F59 % —f & L T Fig.
41T, EaHARZANN Y HADMEIX, CO, EEICH
H LU THI 10 ppm/week OD/NLI 72 28 B0 RHI 5 K &
BEENZRT T ENDHoTh, Yo — AR VIR ZEL
TWiz, TOTENE, BaHRICXBRIEEHEEICTT
BoTBFREANRUVKERZ L BIc—ETERERDEIT
TnEEZ LN,

ERITB U 75RO —F7Z Fig. 51CnRd, AKIZ3
. B Xi& 30 AfOAS CO, JEELTZ/RL TV 5,
CO,BEE—HDOHTERELLHL TSI LHH
ENTH B, BB, T TIRBXRZL ST, KIEIF 12 B
WE (LEKIE) & 13BE (RARUKIE) IKZNEFNT
WV, ZORIEMEZEH O KD S 23 RrDHEMICHEH L
TWb, L7izh>T, BHORTRELELTWSZ &
IC72 %M, Fig. 5O AICHL ML ST, BFEDOKED
BEIE I ZEBRHCA HRRENIMEDO X LIRS 5Nk
oz,

BIHERZORAETERIT, P ZEKECADOAE, B
LEOBMIFLES., PO aY2Ix—ray, F
¥ —FFHAHD I ERL B LNV TEZENDD, HE
FNCRREMNFEE LT WERIE, SRR CO, st o
HEMEEFvy— Ml TH 2, 2T, UFTERERN
T OHIME (RE) ZMETT %,

2) g - JEN D RIMER CO, iTiHc B RIE T3

RO CO, 7rMTatid, . ) (KHE). BXUTF
W ADFERZ TS, TT TR, KEotah s —f%
M7as B et d 5, —fRICGAEDIRAEIZ LU DB %R0
THRIND,

PV=n-r- T

n = (P-V)/ G-D -6

TREU. P SHRDET (KE) Vi Sk DRSS
(litter), n @ KADEIVE, r KAKEE. T: SADHE
FHEE (K)

IR CO, mratid, BEEFENTHREZEZEC
LiZ W BEBEO S ILNICE T S CO, 77 FEIC T
BILiz 5l ZHINT2KBETHZ, “HEHMHE"Z
CO, BEICEMT B T-DIHEEHFAZHNTWVWDS, C
TTC. M EIVAOHAICEHL T 1 K2&FEEWA 5 L
TRED KSR B,

nea = (Pear * Vear ) /(r- Tear) -7

ZlEUs nocat THEIVNOKADEIVE. P e
DR IVHNOZIKDIES, V cq @ T RIVOEE (IR
AER CO, PHTRTDOBE S EDER). T ca - THTRIV
N O &R D i

T T (nea = ncoy + Mogncor) EBFE. IVAD
CO, % (CO,concey, ppm) 1.

CO,concey = neoy /ey * 107 ° -8

7272 U, neoy - AT EIVND CO, DEIVEL nyoncon -
IHTRIVND CO, IS DKRDEIVELL

LEFB, 8T 7XKZEMRALT,

COxconceg = neoa / { Pear * Vea) /i (- Tea)} 10°°

COxconcey = feoy * 1 * Teal (Pow * VCell) 10 % -9

9 XD AR T TRER.

CO concee ©€ neos * Tear ! Pean --10

L%, 10 5. /IR CO, DAHEIDEILND
CO,BEIX. ZIVND CO, DTV & MRS EERI L,
JEJNCKIEHBIT B T &b,

EULREETNI2HE TR, FIZE T2V NOR
A 45°CORE, +1CDORIVNESDIREZ{LIX, CO,
EEOFHEZR +0.32% (EAED 350 ppm DFEH +1.1
ppm IS AHY) DREEEEL, — . UL L TR,
+1 hPa 0 Z b & £ -0.1%( 2L f& 350 ppm D 1 & -0.35
ppm) DFREEL IR B,

3) TR DR R

I Hr2 )V D EIC £ 2°C /day D2 EHVE U7z 55
Ay FROMEHE RN 5RE T2 &, CO, REDFH
PEIE £ 2.2 ppm/day 720 IREZ(LDEEIIRKE W,
T D, KIEA 22—V D)V OIREZ LA
KELGESIRNEIICTZ20ENH D, TT T, FHika
B 1 OFERIZ, EiRiE 21 ~28°C /day OFiFH TELE L
72, ATV DIREZ X 44.8 = 0.4 °C /day TH o
7o T DHRFD CO, B D 24 i OBFIIM X, Ny, H A
(0 ppm). 300 ppm. 350 ppm. I &K U 450 ppm D 12 #E
HADWTNE S+ 0.3ppm/day TH - Foo AT A
T LICBT B CO, el o EEHRIE, EH EMED
BTOIIRMEENT B EFAL D,

4) /AT
AREHEE S AF LTlE3N— R L7 FOKERIER

BB IS 555 %2 5, 2006]



Observation of ambient air CO, concentration at the campus of FFPRI, 191
Tsukuba, Japan from 1989 to 2004

CO, Concentration of Ambient Air (ppm)
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Hours from 1%t of January, 2000

Fig. 5. 200041 A 1 HA5 3 HIE (A). BXT 30 HE (B) D
K5 CO, T DR A
Observation results of ambient air CO, concentration at
Forestry and Forest Products Research Institute, Japan
(FFPRI) in 3 days (A) and 30 days (B) from New Years
day of year 2000.

To TV, KRFEZEFOMEZEEZ T 5, DL
TICZ DBz HRE %,

KLEEZH % S 1259 BRI E OB & BRI S
TH%, B FFEEIZ 1989 4~ 2004 4D T 4E
M0~ 10( F93.5) TH Y (KHRIT. 2005b), TDH B,
AEPHICKZRKTER T2z 5 LieERIZIEEALE
Bihholze UL, 30 \PalBEDOKELLEE 25T
RIFROEIEIE EFNICH B, ABWOBEOBIM S AT
LT RGKEBRIZIT> TR AH, 980 hPa ~ 1,025
hPa FREEDMRE TRKUFOZEHIR I D 52 LEA BN
%, TOHAE, KIEZ 1,013 hPa (1 KT D& X
o TV, #-3.3% (RKUERD) ~8 +1.2%( &
JEWE) DRKIEZAEMNE L, CO, B D EAEA RIS 350
ppm &9 % &, B HILO6(MREULERF ) ~ -4.2( mAUERE)
ppm & WS KERAERAENEC B,

UL, AEPEEEY 27 LT, REEEHENS
AAEREEEEY Ly b TES XS ICHBINKIER HIC
—EE1T A DT, 24 WS 28 2 T B2 13 5
LIV, Fi, EHOKRET 24 BN OKRELT)
X+ 3hPa LIN & REEE BN, T OFAEOEROHEH
Pk £ 1 ppm/day f2E & AfEE 5N 5,

5) T H A5
—Mic. CO, H A DFRIRD WU AT I BT 225
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D H,0 R KGR ATH % NOx 75 & & —fi&#HIx > T
Wa Tz, mERET Al & RS MR CO, 2 HTEFTiE. Dt
T N R—TxERAV. NS T ADEED D
IRVIROWIRIMEE Z (S TRZ2LTWws, LrL. HO
IKDOWTIRZDFHBZIBR LIS Wizs, 98T ADBR
BRI ETH 5,

—J5. T T THWOHTEE (ZFP-1. ZFP-9) &, i
T ARIR CO, 3 AT EHIC BE TR TR W ARV 8 7%
T2 CTHHADHEREVIELTEHTREZLT
W5, TOHRTIETHADEER TSI PERRHIK
TVA, FHH EMEN RN E UTRETEN TN S,

—J5. 2E 423 Ao BEiEYHN A ARERICBIT B
NO, D EFHIJE X, 1992 4~ 2001 4 T 0.030 ~
0.033 ppm DOHIF ( KXUEHEBIZEE. 2003) TH DO,
COREOEETIE CO, BENEICRETREE R NIF
TV EEDbNS,

C T, HO DB OVWTHETT 572D 7o T3
AERAER 2 DASHRIZ, W2M N, 7R (0%RH), e N, A A
(% 80%RH), XU HIZEN, A (#2%RH) O 3 &
FHODEWIE 24 B2 U T CO, B T+ 0.3 ppm
IFTHolze > T, H,O DI EM LIEMN &
WEEZE9,

6) F v — Ml b L O

F ¥ — FHHED RFC 1 BARREOFELD 324 C
IV, T TOFHAID HALE 0.1 mv(F+v—FET
0.3 mm) D7z &, CO, R EH#HE T 1.0(CO, iE £ 0 ppm
DEE) ~ 1.5 ppm(CO, #EfE 450 ppm OFE ) ICHM T %,
L7zh> T, F v — M0 IC X 5872138+ 1.5 ppm
LREE NS,

7 ABEN S A7 LOMRED KRS

FEERER 1 BRU 2 DR ZHG LIiREZ(L, 5T
Zib, FHAAZE, BXUFv— FHiArIROEAEICK
% CO, IEERAOMPEMEORME DX, ZNZTN 03
ppm/day, £ 1 ppm/day. £ 0.3 ppm/day. 35X+ 1.5
pp/ FEHL. TdH o iz, HAICHEE I NIXEN S X7
LOFEMIE £ 3.1 ppm/day &5 %, iz, HHEOE
{biE 24 BERILIN O + 3 hPa IREDXIEZA L, BXU S
VAL B E DN B F ¥ — b DFH D AR DR
MREVEFAL D, A AT LIE, e LTE3
ppm BBEL FOFBAEOENRATFNLZ EDD, E
WO ZZEEMNFIEE N, AKX SN TIERTE %
TEMRELEAL D,

52 BAKR

1989 F 6 H 1 Hin5 2004 4 12 A 31 HO R O #HI
fiti SR % Table 2 IZ739 7, 2002 4F LR (3 @I 25 E D E
EDTDRANZ & oTzs RISBWT, HFIEIZE
DB > LI OHEMTETH %o £ DEAED BT
LADETORLEED, S THMEIG A T LRI B0
B > TR D HFTI T H % o ] O H HAE (median 5 ).
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Observation of ambient air CO, concentration at the campus of FFPRI, 193
Tsukuba, Japan from 1989 to 2004

FRREME, FHRaHE. BXCEMZ#HRZ ZNZTN
U7

Fig. 6 1C 16 FEH OEIFE D CO, IREDEE 2RI,
—HDSBTE 10 ppm LI LOZEHHNEMENZHE H
D, £/z, FRFETH A0 400 ppm L Fickb T &%
Yixllahotz, MICHL M a& 51, FEHOZH)E
141 ~ 181 ppm & K& H - 7z (Table 2),

L L. CO, BEEREL &2 L XITEEMT—EDR
HIMEIFRED bm 0, K< A2 & EEH 5 —EMLL T
KE53, HBEIR=ZATAUHFIHINTVEXIICH
ZBo TON—ATAVIFELGE>TWVEXIICR
Z. 1997 4% Tld 350 ppm LRI/ % T & & &5 - 72,
1998 FELUET T NLLTFICIE > TRV,

Fig. 712 1996 ‘& fHlic & b, I D CO, EEx S
ppm << b, HHRHEZR LU, BEOAREIE.
JERFRD “t" BITH > Tz 1996 DI EIZ 383 ppm
T. R E (median) & 4T & DK S5 ppm (KL 378
ppm THH, WINEHHENTHOE— 7 (RHBME) KD
EEBITH > Tz BIRAIT, TOEDFELEHIE 345 ~
495 ppm( ZFiE 150 ppm) TH - 7=H, KEIB X CHME
DRMBEEZZTNETN 1% &9 9 & 351 ~ 448 ppm( [F]
97 ppm). %72 3% DX 99 & 356 ~ 430 ppm( [{] 74
ppm) TH -7z,

Fig. 8 ICAEBTANC BT % A5 1E (@) F 1M (O).
BIXOARKME (O AT D 1 BEBEDO R ) 2R
Lico Flz, Rura7icBir s A (tan =1
£ ; Keeling, 2004) Z &8 TR Uiz, i & DO
ZROIRLUIEMNSEL CO, IBEMN L5 5 Keeling
## (University of California, San Diego, 2002) & [Al £k 7%
RS ABENTEEONZ, YT 7 LOENE. F
SEEEDMBEER 20 ppm EHWT &L BECHFEEICE
FZEMEZFEIBBEZ2~45 K2V L TH
%, Keeling 3 K&D/NY 75572 KD CO, Bz
WS 272D KO RRICNEL, EDIFEAL K
UNTABORTFa7 IZBR—ATWS, —77. A
HIDJEFICIE N, BIAREE, B, £ EEK. B
KXULENWAIELTWS (Fig. 10), HHIFIHDFED
FHHEEZ 5N %,

XUFn7 CTREMREMEZIAE LI 10 A,
FRkEEE 5 HZFRilc 4 H~6 AlcidtEh T\,

—77. AR TIEFERORMEIEBA 7 A0 8 Al
M 11 A~ 1 AICEIENTWS, FRIEXET
Bxovrua7&o2rA, FREETENS AR
WZ EILED, TOEWVE, YUY TIRCE Y
MEBEICHAT 5 KEDHE S HEN TV 7o KKTE
BRICENDET, JLFEROE ZRITOEA RDEFE 75 hAE T
i SR CO, IBE D2 EN TEIE T 5 DI
L. AEWTIRAEBDY VT -« V—AFOH 22T -
ELDEBICEHET S/ EZ LN,

Fiz, ABEINCBNT CO, IEMIVA (T AN 8 A)

|Bulletin of FFPRI, Vol.5, No.2, 2006

DfEE. 77 Ol EH ppm DEWVICK TR T %

TEDNEDNSFAND, EHIC, KU HREME (
MO ) EMREFEDOLSICTHE 8 AZHULIC 6 A
~9 AOMIicy a7 THAIEN TV KDy 7
o9V RCOBEIDREMETEZIENHLD
TH5, ORI HFEIIEMMRN R & A ia LT
W5, BRI, RERANORIAREICET LTV 2R
VS EILTERS T ld 6 AR~ TAIC, TR MR AEE
BTid 6 AN~ 7 H NI YFEAEED VA K HE D
BV (RARIE D, 1999), 5 HDERBE TR, AF. 74
SV, AVHETRIEFETH ABREDNARMTHONT
WA, 1FE AL ORTE T YELEDREHEIICH -
iz, HEWRICEK B KE% CO, RN E > Tk
welEbnzs,

ThonTehs, B0 CO, BEE LHTIRREIEY
— AR TH B« T « KED S OHLP AR Z G
AV OFEIC K D Tz, MKW CO, MBI RIAR
EMEEDNERICK D EEZ BN, T LT, AREHI
HMTIEZDOMANHEEL TWVATHIC CO, BEDZEH)
BHRELZSOTWVBEEZDN S,

Fig. 9 IC KRBT X % CO, IBEDOE M (@) %=,
<XvFa7 0T —% (@ ; Keeling, 2004) & & & 1R
L7zo FH COIREEFFALA LALTWAE T ENAL
MTH B, FHCOBENFTFE X DALT UIFEMN,
1994 £, 1999 £, BL T 2003 FED 3 AA SN, 4~ 5
FRHATREL TV, —F. XUFTa7 OHT—2
MHE IV = —= 3 I CO, BE L FHMARE W (Komhyr
et al, 1985) T & MR SN TV S, REJHAR T,
191 4 H~"9247H, 9343 H~IF 8 H., 97
4H~9846 A, 200244 A~'03F2 Hlcz)b=—
ZaMRELTED (K87, 2005a), ABHIFERTE
Fig. 9lc/R Lz & S Ic )b =—= 3 Icxfs L T CO,
BENE L E3ENNRENS,

SBIT (20052) DIEFHYRfRITIC K AU ABIHIHIA
IS B RHAD KRG L., HO VAR A AMME
<« BKEMNPEAE A Z WV, OSIEDEEL D
<« BE7KE G AR A MENME R ASEHE . 2 DX I
SEAENG A E O+ R R TR I 2O E A A
MTHZLEDILTHB, I4bb, Th=—ZaRE
REOARBIHHIE, 7 - BE, H - ZDEZHEWVWI AT
D KRIGEERT D, TOT LiX, ASRIHE O
PREIEVI OV G BEEEE (WIORE ). B EY) O iR
M, TERTGEE, BXRT. @Y - HiliOmIERIC X
SILOMERHECREICE BN D D . ThTNOEN
MAEETNTCOBED LAZANWLEZLNS,

INE « IO TIEmERHOA RN E = DMK
T92EEbN5, AEYOIT RS T IEUGH
—AIREIC BT 2 DT, IH « BEADEDRKKHD
CO,EEIX, BIFXDBHIEIRIIELS BB LN
EZBNBH, ZFILIED T2 DT DE DK E
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Fluctuations of CO, concentration at FFPRI, Japan from 1989 to 2004. (1-hour value, The x-axis is the hours from the New
Year's Day. Since the vertical auxiliary lines are shown in every 30.5 days (732 hours), it is not the change of month, strictly. )
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Fig. 6. BRIFEATHILMC IS 2 1989 4ED 5 2004 £ X TD CO, IREDMRBIHIRR (DD &) (1 KftfE, HEEid B 5 D4l

TH 2, HOMBIFRIZ 30.5 H (732 ] ) TLITREN TV B D ThERIZH DA D D HTIZEW,)

Fluctuations of CO, concentration at FFPRI, Japan from 1989 to 2004. (Coutinued) (1-hour value, The x-axis is the hours from
the New Year's Day. Since the vertical auxiliary lines are shown in every 30.5 days (732 hours), it is not the change of month,

strictly. )
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Monthly average, annual average, and the monthly minimum values of CO, concentration in Forestry and Forest Products
Research Institute from 1989 to 2004. (The monthly average of CO, concentration at Mauna Loa (from Keeling, 2004) from
1989 to 2003 was shown as well in same figure. - @ -: Monthly average value, O : Annual average value, - < - : Monthly
minimum value, A : Monthly average value at Mauna Loa, Hawaii, ber: Period of El Nino)
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Annual average of CO, concentration at Forestry and Forest Products Research Institute from 1989 to 2004 and at Mauna Loa from

1989 to 2003 (from Keeling, 2004).
ber: Period of El Nino)
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