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Abstract: Observation of the total columns of H,O, CO,, CH,, and CO in Hefei is presented based on
ground-based Fourier transform infrared spectrometer (EM27/SUN). The results show that, the XH,O
and XCO,vary greatly during the measurement period while the XCH, and XCO vary slightly. The range
of H,O and CO, are 1 353.17~5 289.43 ppm and 409.22~415.05 ppm, at the same time, the standard
deviation of XCH, and XCO are in the order of 10 *. The average values of XH, O, XCO,, XCH, and
XCO are 2 109.10 ppm, 411.59 ppm, 1.87 ppm and 0.13 ppm respectively. The measured XCO, and
XCH, are compared with the WACCM model and GOSAT satellite data, respectively. The comparison
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results show that the XCO,and XCH, calculated by WACCM model are relatively stable, with only slight
changes near the average value. The GOSAT observations are slightly lower than those of EM27/SUN
observations, with the relative deviations of XCO, and XCH, are 0.45% and 0.34 %, respectively. The
time series of the total column of XCO, and XCH, from 2010 to 2018 are analyzed by the GOSAT
satellite data. It is found that the value of XCO, increases from 390.83 ppm to 410.30 ppm, with a
relative growth rate of 4.9% ; the value of XCH, increases from 1.802 ppm to 1.869 ppm, with a relative
growth rate of 3.7%. The results may provide the theoretical basis for tracking the sources and sinks of
greenhouse gases in Hefei and its surrounding areas.

Key words: Fourier transform infrared spectroscopy; EM27/SUN; Greenhouse gases; Total column;
WACCM; Satellite data
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JKE
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B XCO, XCH, ¥ BE By 43 At L P A 45 ) e 0 B340 B A2 406 354X (Bruker TFS125 HRO W T
A R0 H X = AR IR 25 R S EM27/SUN S i) XCO, 8T X E 43 4, P& Z (B i AH e PRk 8 T
0.99615177

AR SCA) FH A L AR 6 EM27/SUN LI T A A8 b X3 28 A0 A9 AR e R L I i T 12006 385 A X 4%
£ % bR %1 (Instrument Line Shape, ILS) , B K [AIBF 3815 H, O.CO, .CH, & CO YR 2 M4 1Y 3 154 1k BE
Sy T I 3 1R DU R R = SR B9 41E , 315 Whole Atmosphere Community Climate Model (WACCM) 4%
A e GOSAT T EBIE AT T X8, Al GOSAT TLEBHE M T 2010 ~2018 S EHE
CO, CH, Iy e Ji A5 fb b 34
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(b) Picture

M1 EM27/SUN et Z# b ENAAERNE RS EWAE
Fig.1 Location site and the picture of Fourier transform infrared spectrometer based EM27/SUN
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A3 90 O848 Mk B2 19 S0, DR AR SCR i Tikhonov-Phillips 75 . By T8 B 258 #0% % { EM27/SUN &
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D)
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Fig.2 Calibration lighting system

R1 HRITSH

Table 1 Parameter of halogen lamp

Parameters Rated voltage  Rated power Color temperature Rated illumination

Value 12.0 V 50.0 W 3050 K 1 000 Im
R2 HESHY

Table 2 Environmental parameters

Parameters Temperature Pressure

Distance/cm t,/C t,/C P, /kPa P, /kPa
401 26.5 26 100.985 100.963
519 26.2 25.8 101.050 101.031
605 25.8 26.1 101.029 100.993
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Fig.4 Variation of ILS with distance

Kl 4 & ILS By ME Fl PE B & 92246 N AT LA L 7E 401,519 K& 605 cm &b, TILS i i 4 il 258 S
AHAV 1 22 HUA e Bc 43, =l &2 19 ME AR 2240 0.004 37 (WL 3) .~ F-34{H  0.961 13 3),PE
¥IE N 0.005 93 (LR 3) 8 B A5 o 3% {1 EM27/SUN A 2% £k 78 bR %50 TS AR ffE{E 4 :0.985 5(ME) &
0.001 6(PE) , = Yl &t 1) F- 34 8 5 b 1 1 19 46 X8 s 22 43 590 24 2.45 %6 A1 0.433 V6. 156 B 7E 42 iy B S 9 aok #2 o
AR PERE R M AR AT 31X R 5 2 i e o v B A T R

%3 ME.PEFEREESEHTHK
Table 3 ME and PE change with distance

Distance/cm ME PE
401 0.957 2 0.005 69
519 0.965 8 0.006 13
605 0.960 2 0.005 98
Mean 0.961 1 0.005 93
Standard deviation 0.004 37 2.236 81 x10°"

3 HRpSITR

CO,.COCH, O, LI J H, O f¥e i Sz i i Brin 2 4 B, By £ 19 S i Be 40 7 7 840 (PROFFIT
J2 00 B0 2R P 46 O 5P W G 4 4 5 1 B T 40 20 1 B2 D) L SR I ] 2 2018 4F 3 A 27 H 28 H,4 A 2 H .3
H.8 H.9 H .10 H .20 H .8 KA RCK . 550 1] 18] = B — K AR R 7 I i) R <A RE

%4 CO,.CH,.COH,OF O, [ FHRERE
Table 4 Spectral windows for retrieval of column of CO,, CH,, CO, H,O and O,

Gases Spectral windows/cm ™! Interference molecule
H,O 8 353.4~8 463.1 CH,
CO, 6 173.0~6 390.0 H, O, HDO, CH,
CH, 5 897.0~6 145.0 H,O
CO 4 208.7~4 318.8 CH,, H,O, HDO
O, 7 765.0~8 005.0 H,O, HF, CO,
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£ 4000 &
g £ 414
E g A
G G -
8 10 12 14 16 8 10 12 14 16
Time/h Time/h
(a) XH,0 (b) XCO,
1.94 _ _ 0.22
LS00 <800 M 1R0AT, e180i0 t130i0s <130as S 1804% 11804
£ | g e
& ! i VP £ ou8f ,ﬂ..’,..fl‘ N
E 1.90 w E W
E ] = |
S S
| i = 014F B )
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B 5 XH,0.XCO,.XCH,fr XCO 4t % £ 7 B % 1
Fig.5 Daily variation of total column of XH, O, XCO,, XCH, and XCO

WL 45 R 5 % L 7 I YT XH, O XCO, XCH, }2 XCO #28fb k. n 4 H 8 H .9 H PR A KW B 1L
BAR.4 A 2 B .3 HPR AR BEBE B8, JoH R KR IR o 3, &l 5Ca) .4 A 2 HZKIRA R EEF
B LF] 5 289.43 ppm.jEt 4 H 8 H(1 353.17 ppm) MY 5 /%53 H 28 H5 4 A 2 H XCO, . XCO.XCH, iy H
AR AL AR F AR AL BT fE = A SRR AR W 3 A 28 H AR A TE R 12.30 247 iR B e KAE L 7E 14.00 3K
B 2% Bl Je 2R B0 T bR T 22 O R Ia] S i R O ) 5 SR 2 A2 T DX SR B A R ) E A7 U R B T
NAHE w3 H 27 H.4 H 3 H. 4 H 20 H B BEAEERAEA . a0 3 A 27 H 12:30 ] 13:30, i ] X L&
BB R AT E . TR KRB A E = S BOGR AR R B K H O AR B I — KRB K, CO, .CH, K&
CO HEMR B/ H AR FL AR X $ /0N 28 5 J& DU A A4 20 3 19 8] 1) H 28 b o

%5 XH,0.XCO, XCH, XCORIBZEHLE
Table S Daily variation of XH,0, XCO,, XCH, and XCO

Date AXH,O/ ppm AXCO,/ppm  AXCH,/ppm AXCO/ppm
180327 423.19 1.770 0.017 8 0.010 7
180328 922.21 2.206 0.018 4 0.016 3
180402 716.88 4.443 0.032 9 0.029 9
180403 289.75 2.797 0.010 0 0.015 3
180408 455.78 4.590 0.019 3 0.010 1
180409 846.09 1.857 0.006 8 0.012 3
180410 1 182.58 1.469 0.025 9 0.016 9
180420 1 080.12 2.254 0.011 9 0.021 7

SCERL21 e g CHLFE R P MR BE AR 2050 1.8 ppm, IR G 350 AR X Sk B 22 45/, B B AL i/
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F 0.02 ppm. AN 5 AT LUE L CH, 9 H AR fb & e KAl LIS F) 0.032 9 ppm (4 A 2 H) L HXT AL FE N 1.7%
CRHXT 4 H P35 4 A8 Ak 0 D PR AT g2 AR R I AR R 80 HL O 19 H AR AR R B AT LA #1000 ppm L
.4 A 10 HHALIE(ELE] 1 182.58 ppm,CO, H AL IE(E 7] LA F] 4.59 ppm(4 A 8 H) JAIXF A fL R
H1.12%,CO M H AL E B R R 0.021 7 ppm , MXT AR A6 2 53k 18 %0 2k 1 WEEE MU Fh A4 43— Wk J32 70 D) 2
0T ) 1% 78 A S R R B AT 2L A R LR 6 S 3R 6 TR,

MALIIA [E] H, O, CO, \CH, & CO MU ARG F4E M 1Y HEEE 0T LUE e AT A8 1k S5 A0 1,
H,O 4 F R ELE 4 2 HEAR, &KW N5 289.43 ppm(WL3% 5), H XH, O (9 H A8 fb 5 K hi il 24 5 K
ik#) 237.8 ppm(4 H 9 H)LBIBRKIRFHEIE 4 H 2 H.3 H) L BANKFEHME R 2 109.1 ppm; CO, A
W H AR AR IE 22 A O 10 (R T 4 H 2 HD AU H AR AE X /N HOF 3894 Mk 3 A R (E L e /MEL
435128 415.05 ppm(409.22 ppm (W3 6) ., /N KB F¥{EH N 411.59 ppm; CH, Al CO PR S A4 53+ B #E Uk B
H AR (L Y35/ s HobrofE 22 3597 10 B0 4 b, S50 I Ay /\ K P9 SF- 3548 43591 R 1.874 ppm .0.131 ppm. A&l 6
K% 6 v LA H L XH, 0. XCO, XCH, K XCO¥E 4 A 2 H .4 H 3 HAECE AR X4k, H R Al g J& 45 4h ok
PRI A I Ch HE S5 &R

6000 416
c —=— XH,0 . - XCO,
1= n ; 1= T
£ I \ £ 4u
\ L
E E
S 4000 - S
g £ 412t
h \ ) =
& 2000 / S 410 /
3] = 3] .
é l’. E .
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(a) XH,0 (b) XCO,
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(c) XCH, (d) XCO
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Fig.6  Averages of total column of XH, O, XCO,, XCH, and XCO
£ 6 XH,0.XCO, XCH, %K XCO FH{E K IrkE
Table 6 Averages and standard deviation of XH,0, XCO,, XCH, and XCO
Molecule XH, O XCO, XCH, XCO
Time Mean SD Mean SD Mean SD Mean SD
18-03-27 2 844.25 98.5 411.34 0.40 1.87 0.005 03 0.139 0.002 83
18-03-28 1772.82 141.6 411.15 0.49 1.87 0.003 66 0.131 0.002 89
18-04-02 5 289.43 149.2 415.05 1.15 1.91 0.007 78 0.178 0.006 67
18-04-03 4 647.44 56.1 414.79 0.46 1.90 0.001 88 0.168 0.002 96
18-04-08 1 353.17 119.4 409.47 0.26 1.85 0.001 81 0.098 0.001 35
18-04-09 1 535.74 237.8 409.22 0.44 1.85 0.001 44 0.099 0.003 04
18-04-10 2 613.78 337.1 410.38 0.34 1.87 0.007 55 0.114 0.004 72
18-04-20 2 534.87 321.7 411.36 0.46 1.87 0.002 23 0.120 0.004 47
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T WACCM .GOSAT L& RARHE T CO, .CH, PR 4> F (10 A ik B A5 8, B e LA Xof ok 6 o 1 A ik
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2. GOSAT B & 46 i B e £ 1.5 W H .
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AT AL YR I(E 410.58 ppm BF I, P 5 22 (8] 46 X) i 25 fie KA 25 4.47 ppm (A0 4 H 2 H) I £ 1 ]
(RS- P ME A 22 1,01 ppm. 5 i A F, 0K 38 W0 XCH, 2555 WACCM B3 HAE 0T 7% e, &l 8 i
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