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Wi, TG SRR 5 KA Z B IR ERE R, SR
TPE. PEESHAAR N &, LHERERSEHTRE
AN TR, ol B A AR AR =L (CTMD # AL
HEEZX[16-19].

by w5 23 % e T K B e B AR e e ik A (FTS)
OB TR KSR 7 VMR BR 2R AR B & 1 7 T H 16—
17,2023, A BRER S AWM (TCCON) AR 73 A2
EERIP (NDACC) $57F] H &1 43 ##38 FTS ML K =R 47
4K, TCCON HINDACC 437l B 57 - 2004 4 F1 1992 4=,
AT AR 30 22 P KA AL S B FT VMR B4, X HE4R
MZh F )2 N H T RGP [24-30]. K05 9 S5HiL[8,
10,13,31-34]. P2 O, [181WF 78, il £ B R T [35—
451, EADULINEGIEAN TR RO FIETT K [46-56], CTM VF
25157611, AR, jc%i&TCCON/NDACCi.E%M‘zﬁt
SEFNWCH 5t S A b DX P00 I 5 AT AR D
B, HERA SRR (117.2°F, 32.0°N, ﬁﬂimﬁ*‘mom
M5 (116.96°E, 39.75°N) A& #4 ] TCCON iz 47
vl A [8,15].

AR FLLER T A [ B — AN I 5 43 3 2% TCCON Ml
A HE SR 55 1) R GE A 7 R o G BE O s ST v
E R E M KAIT =/ (YRD), ZHb[X 2 E TR
B NOREENIX 2 —, GRMBHIEE 5. &
SCREE TS bzl s BUR  R R R, AL
FOEFAEANT—A . SRR SR RAE . HET
itk CTMRLES LA R R R A5 Ge i A% S 1R it 7 45
[FIEF, AR SCIESTA AEs B B 2= 80T S A AR SR L vt-Kl
BT T R

2. IR IBIRME KR LN A
2.1. ¥ IR

FTS M 37 F- v [ 2R 30 v B ol AR AN Vs B
HERE X ——Fb 22 5 [62-63]. A ALYE H 201457 A GG HEAT
TCCON MLill, 2018 4 iE iy TCCON FrifE sl (https://
tccondata.org/) . A B S HWERA B R S R W1 R .
Z kAR 9N NDACC MR, {H [ 2015 F2,
H % WL %545 NDACC #5#E A £9[8,17] & AEFTS WLl 35
& — AR &, E R R OGS R
HUAR B 78 BT (ATIOFM-CAS) 5w & Bl 22 5 R K 2%
(USTC) AAEFF Ao Z MMk 2 B 5K 8 KR I H K<
MM 5B (AEOS) FERMEM M — 34y, MIE£
e A 358 M DU AN 28 RO B, FH T2 2 KA R IR
UL 3l 2 ] B 2 DA R L A KRR K S O

X PP Aty o [ AR S X ) R, CTM AR, <R &
DA B2 N R AT B SR HE O™ AR 1) K A0T5 e K B 2 A i L
A HEF L[63].

(b)

B 1. FE A PR FTS M RS F B34y, (a) TFS125
HRYEREA; (b) [ THANABH BRI 2% [62-63]

ARk HA R A B, R AN R SR IR
YRR RSB S RS A AR R BRI . & e
K= XA M- A i B AR . EFR AR,
K2 RACR, AT XN D9 Y5 RV ) TS KL E
s W i RAP S Tl 2B U s b LK O =) S A NG W Al ]
YIELAIAL 2 I R () AR Wk [64) . S UL EIR, A AR AL
E S — AN E DR AN O 5 H# 3 (Beijing-
Tianjin-Hebei, BTH) Hb X [) B ¥ifi o i b A& 2= KU AT DR
BTH Hl1 [X %% £ Ak A7 ORERT A= ) 5 R e Y 18] DX 3 P10
i BIE NEM MG [13]. sUAh, ZEZERGEW, & AEU k5
AT A R TBCRR 5 PR R T I AR T R PR DX 7 i I ARy R
PRXH T AL B [15,64]0 3 63 X 1A 4 Joi SR e HF it 2=
&5 3G AL .



22 BIRRGENA

B JE LI s AL FE — & =i 4r MR FTS (IFS125HR, Bruk-
er, Germany). —/NMAPFHERERZSFI— R0 (B D.
WU BIEEN, KPHERERS S R0 BRI

B —ARIEBIM— &= A aBiz1T, DA
RAFIEMGR TR ANE I 1 % A 24 F[62-63]. IFS125HR )6
AR SRR R E M, & 2 R T TCCON/
NDACC M [22,65]. A AL 1) TFS125HR A 6 MR
MEE AN A, BIOEEZEN937.5 em, SR &K
YRR 0.001 em™ o BT BRI AR 4 2RSS I ) HL TAE
0V LB S A T ST AR S2. DIl i 1 Vi [ 7
#5420 cm™ 50 000 cm™ o KPHIRERAS 22 AE— AN HPINER
TR BT A « ST MR ORI IRER AR AZ N . &
AR ML S RAM . ST RS R BRIE 55
(I RS B =AM HRFEALAR o K PH BR R 25 8 1
PN S BORIRERIH, R PRSI SR FTS . K
IH PR B 2% 1 DK BH PR B34 B O8+0.1 mrad [1] (1 rad = 57.3°)
22 L TE 5 TOU BT ()R G B 46 S SR (£0.30 °C) .« AH
SHEREE (£3.0%). & (£0.1 hpa). JKi#E (£0.50 m-s™)
R (£5.00) . KFHEES (£5.0%) FIPFM &S . X
LSRR T HOf e ki . IFS125HR 1S A £
PRSI, FFEHIUETESRSES. BEE% s T
IE AR E T, BRRFRFERD T K ZE S BRI

FER LI A, 208 B 5% A 2R S3 O A8 B Rk
ZL4h (NIR) FIHZAN (MIR) AKFHYGRE . NIR Y6 3E A1 MIR
J6 1 ) 6 1% 95 49 51 A 4000~11 000 cm™' A1 500~8500 cm ™,
IS 8] 70 9% 28 29 5l 150 s A1 288 s, DGl 70 #E R 7 il Ky
0.020 cm™ #10.005 cm ™'« AR RS &AAE, AU H
) NIR J 3 F MIR S 1% 30 & 47 T 11 2103 2 [0 . K H
InGaAs ¥R Il #% F1 CaF, 73 W #8347 NIR L i K %, KH
InSb B 867k (MCT) #RMI#S . KBr 73 &A1 7 M A

KL B THLIN R B 3 BT 7 X
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HHAT MIR R4 . NIR G H T %3 CO,» CH,. N,O.
HF. CO. H,0. HCIA1HDO 4 5[17,62]. MIR Jtif
HF & i# 0, CO,» NO,. N,» NO. HNO,. CO. HCI.
HF. N,0. CH,. CH,. HCN. CIONO,. H,0. HDO.
Clo. 0OCS. H,CO. CH,. CH,. CF,. SF.. CH,D.
COF,. CCLF. CCLF,. CHCIF,. C,H,. HCOOH.
CH,OH. PAN FlINH, ff] VMR J5 £& Fl H: 5 2 [18,66]. # 1
SEE TR SR AT A O A R S, R RS
UE RRARIR . B AR X G G

3. RIBBEEMRILE

3.1, T A S8 SR S SR AE

K H TCCON #5 #E 73 T #AF GGG ML 21 40 K BH G 1%
WS KA R B[ 17]. %%, GGG AbBEJF A T34
Bl R IEAAL R 22 MUK PSR BEARAL, R L4 it
WG, EMRRSEARESARR R, HARE.
TR g eI B 2 2 T 25 B E R B iR o0 (Na-
tional Centers for Environmental Prediction) Fl13& E TN
SHFFLH L (NCEP/NCAR) HIFi i 455, CO,. CO.
CH, 1N, O 55 56 BR 28 3 T MKIV ERE WG . DR K4k
5 ) A B AR O 3% 4 (ACE-FTS) %4 1 GLO-
BALVIEW %5 . HRK, GGG IEUIEA 6 BR L A AR 0,
Jeitk, HEGIE SRR SR, Rk, HER
KA A R B It — D i 3 b P 1) T B IR 4 L
(DMPF) . [ffs A J 3 S4 REFE 1 £ T NIR Y61l S s pr
SRS HORE .

K FHl Wunch 25 [22] (1 77 v R v 5 BT A SR 10 T R
%, 13 Xcoz‘ XCH4‘ XNZO‘ Xeon XHZO‘ Xipo A X )3
R ZE AN T 025% (Z91 ppm) . 0.50% (255 ppb) .
1.00% (£33 ppb). 4.00% (£110 ppb)+ 1.30%- 2.00% Al

Focus area Significance/effect

Key atmospheric constituents

Validation Satellite or CTM

C0,, CH,, N,0, HF, CO, H,0, HCI, HDO, O;, NO,, HNO,, HCI, NO, C,H,, HCN, CIO-

NO,, H,CO, C,H,, C,H,, SF,, CCLF, CCLF,, CHCIF,, HCOOH, CH,0H, and NH,

Global warming (radiative forcing) Climate/environmental change
Ozone chemistry Biological effects of ultraviolet-
visible (UV-vis) exposure
Regional pollution Human health

Photochemical smog

Acid rain

Oxidation efficiency of atmosphere

Source of aerosols and precursors

H,0, HDO, CO,, CH,, CH,D, N,0, SF,, O,, C,H,, CCLF, CCLF,, and CHCIF,
0,, ClO, HCI, CIONO,, COF,, NO, NO,, and HNO,

CO, C,H, HCN, H,CO, COF,, and O,

NO, HNO,, NO,, O,, C,H,, H,CO, C,H,, C,H,, PAN, and CO
SO,, NH;, NO, HNO,, and NO,

HCOOH, CH,0H, CO, H,CO, CH,, NO, NO,, and O,

SO,, HNO,, CF,, NH,, and OCS (for stratospheric aerosols)
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W[16,68]. PR A R S3 Frax, A M H MIR St i g
% [ 30 2 F KU A B A B BT VMR BR 4k, Hop
CH,. N,O. CO. HCN. C,H,. O,. CIONO,. HNO,.
HF A1 HC1 y NDACC 5 il Wil K3 . T NDACC X,
PRI S 358 2 H0 5 B A B 5 A TR 26 S5 [69-711FT s . BR HLO
PAAM R T SR IR S 30 B 26 K B 4 KRR (WAC-
CMD 1980 4F %2 2020 A &5 IR I Ge 1P 3 ME [8]. 17+
T5L 5 AT HLO 1) 56 56 J58 28 3 T NCEP/NCAR (1) 6 h F- 93 B &%
Fo RIESAEFIEAFE, Sk S 40k | T HITRAN 2008
B¢ HITRAN 2012 345 J2[8,10,67,71]. Jci6 W )7 ZHiFE S,
FRI0T #1241V B WACCM v6 FEAUUE F bR o 22, M s
7 ZEFE B S, [N F 2 AB B B 6 145 e L~ 7 1 31 5
S NS, EHEX A RAEHI RN E, S T A s 3L (ILS)
R H TSRl EAE[72-73]

ST HEIU 38 (1) MR T 5 8 1R 0 S AR R~ 350 4%
BREE (AK) R H A& 4 ffios . HCNL H,CO. SF,.
CO. C,H, M= REGEEL TXHRZE, HF. NO,» HCIHI &
REFIEEN T PRE, O, M CH, )7 2 8570 Fl [F] i A 457
W E ST Z[74]. CH,w NO,. CO. HCN. C,Hi. O,
H,CO. SF,. HF MTHCI#J# 2 s 5 i (DOFS) 7373l
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K HI Rodgers [68] 77 72l 55 JE 3k 2 FK MR D 3 s
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Authors  Key findings Period Theme Waveband Domain Topic
Wang et Xco, at the Hefei station showed an obvious seasonal cycle but X, dis- 2014.06- €O, CO R Troposphere  Overall character-
al. [62]  played no clear seasonality. Xco, at the Hefei station are in good agree- 2016.04 and strato- istics and satellite
ment with both the Greenhouse gases observing satellite (GOSAT) and sphere evaluation
Orbiting Carbon Observatory-2 (OCO-2) observations
Tianet  piyrnal Xew, exhibits an increasing change rate in summer, and a de- 2014.06- CH, IR Troposphere  Retrieval harmo-
al.[63]  creasing change rate or remains constant in other seasons. Xy, shows a 2017.07 and strato-  nization, satellite
seasonal maximum in summer and a minimum in winter. XCH4 from sphere evaluation, and
2014 to 2017 showed an increasing change rate of (0.56% % 0.15%) a™ model evaluation
Sun et Attenuators cause negligible ILS drifts and can be used to adapt there- 2015 ILS IR & MIR  Troposphere ILS characteriza-
al. [75]  ceived intensity of the detector. The usage of different sizes of field stop and strato- tion
may cause dramatically ILS drifts due to inconsistent mechanical errors sphere
among the selected field stops
Sun et Tropospheric gases are less sensitive to ILS drift than the stratospheric gas-  2015.08— CH,, N,O, MIR Troposphere ILS characteriza-
al. [73]  es, and, for the same level of drift, the negative ILS influence is smaller 2016.08 CO, HCN, C, and strato- tion and retrieval
than the positive ILS. To limit the difference in total column of CIONO, H, O,, CIO- sphere harmonization
within 10% and other gases within 1%, the upper limits of ILS for CH,, NO,, HNO,,
N,0, CO, HCN, C,H,, O,, CIONO,, HNO,, HF, and HCI are suggested HF, HCI
Sun et The effect of ILS drift on partial column is gas and altitude dependent. ~ 2015.08— CH,, N,0, MIR Troposphere ILS characteriza-
al. [66]  To suppress the influence on partial column within 2%, the upper limits ~ 2016.08  O,, CO and strato- tion and retrieval
of ILS for CH,, N,0, O,, and CO are suggested sphere harmonization
Sun et The level and variability of tropospheric O, in spring and summer 2014.09- O, MIR Troposphere  Overall character-
al. [8] (March-April-May/June-July-August; MAM/JJA) are higher than those =~ 2017.09 istics and source

in autumn and winter (September-October-November/December-Janu-
ary-February; SON/DJF). Reductions in VOC and NO, could effectively
mitigate O, pollution in SON/DJF and MAM/JJA seasons, respectively

attribution




Authors  Key findings Period Theme Waveband Domain Topic
Shanet  CO emissions over the megacity Hefei are calculated by utilizing the en- ~ 2015.09- CO IR Troposphere  Emission esti-
al. [76]  hancement ACO/ACO, ratios derived from the NIR measurements at the ~ 2017.08 mates
Hefei station. The discrepancy between the CO emissions inferred from
emission inventories and those from the measurements is also investigated
Yin et Stratospheric NO, column at the Hefei station shows a seasonal maxi- 2015.07- NO, MIR Stratosphere  Overall character-
al. [71]  mum in June and a minimum in January. GEOS-Chem model can simu- 2019.01 istics, satellite
late the burden, seasonal cycle, and interannual trend of stratospheric evaluation, and
NO, over the polluted eastern China model evaluation
Hedelius FTS measurements at the Hefei station can be used as one of the refer- ~ 2015.09- CO NIR Troposphere  Satellite evalua-
et al. ence datasets for evaluation of measurements of pollution in the tropo- ~ 2016.12 and strato- tion
[77] sphere (MOPITT) X, version 7 retrievals sphere
Yin et HCI total column at the Hefei station shows a seasonal maximum in Jan- 2015.07- HCI MIR Troposphere  Overall character-
al. [78]  uary and a minimum in September. GEOS-Chem model can simulate 2019.04 and strato- istics and model
the burden, seasonal cycle, and interannual trend of stratospheric HCI sphere evaluation
over the polluted eastern China
Oshio et FTS measurements at the Hefei station can be used as one of the refer- ~ 2015.09—- CO,, CH,, NIR Troposphere ~ Satellite evalua-
al. [79]  ence datasets for bias correction of the CH,/CO, total column ratio re- 2016.12 and strato- tion
trieved from GOSAT observations sphere
Sun et Tropospheric columns of HCN at the Hefei station show pronounce sea- 2015— HCN, CO MIR Troposphere  Overall character-
al.[10]  sonal variations with three seasonal peaks in May, September, and De- 2018 istics, model eval-
cember, respectively. Elevated BB emissions in Oceania dominated the uation, and
HCN enhancements in the second half of 2015. Elevated BB emissions source attribution
in SEAS dominated the HCN enhancements in the first half of 2016
Shanet ~ GEOS-Chem model can simulate the burden, seasonal cycle, and inter- ~ 2015.07-  CO, NIR Troposphere  Overall character-
al. [80]  annual trend of CO, over the polluted eastern China 2019.12 istics and model
evaluation
Sun et H,CO photolysis plays a significant role in OH generation over eastern 2015- H,CO MIR Troposphere  Overall character-
al. [13]  China. The NMVOCs related summertime H,CO enhancements were 2019 and Strato-  istics, model eval-
largely caused by the NMVOCs emissions within eastern China. Due to sphere uation, and
the increase in photochemical H,CO resulting from the increases in both source attribution
NMVOCs and CH,, H,CO from 2015 to 2019 showed an increasing trend
Sun et The observed C,H, variability at the Hefei station was mainly driven by the 2015- C,Hy MIR Troposphere  Overall character-
al. [15]  variation of C,H, emissions within China. Decrease in C,H, from 2015 to 2020 istics, model eval-
2020 points to an improvement of air quality in China, which is due to the uation, and
reduction in transported and local C,H, emissions in recent years source attribution
Yin et The X,;; time series at the Hefei station reached a seasonal maximum in ~ 2015- HF MIR Stratosphere ~ Overall character-
al. [67]  March and a minimum in September. HF columns showed a decreasing 2020 istics and retriev-
change rates of (—0.38% = 0.22%) a™'between 2015 and 2020 al harmonization
Shan et  The stratospheric HNO, column at the Hefei station reached a seasonal ~ 2017— HNO, MIR Stratosphere ~ Overall character-
al. [81]  maximum in March and a minimum in September, and showed a de- 2029 istics and satellite

creasing change rate of (-9.45% = 1.20%) a”' between 2017 and 2019

evaluation

4.1. X R R BERAT J R A — 4L

TCCON/NDACC M Il 4 F) oK 22 %5 FTS W I ity 3 48 H
ANTRL RS 19 ' B B ok 2 SR VA R 2% (R B SO . X
17T fie 2 OO 5 90 HE R FTS IO A% bR 55, 388 K T8 i
Z o Sun5F[751EH R EAL T r HEEE FTS FEAN R gk 4% T

A 25 bR BB o Sun S [TS1E TS AFIAL BB T
S5AIENAS, IFREAT VXA R A, AR ILIX 5 A I g A
T8 I HAX A B B RS AT LA AT, AT TR R AR 4%

NN ol

AR PR BUEAS

SR, A AN TR RS B G BRI AT e 2™ A ™



Sun £5[66, 7313 — AU AR S A (A s oR BT
¥, B4k T EAIR T NDACC AR S 540 . Sun %5
[66,73) K B, 44X %5 bR BB FE N 10% B, CH,~ N,O.
CO. HCN. CH,. O,. CIONO,. HNO,. HF 1 HCI {fJ#:
SET AR T 0.04%. 0.20% 2.10%- 0.75%- 1.10%-
1.90%+ 23.00%- 0.70%. 3.00% 1 4.00% [73]. N T ff
CIONO, ¥ & 8l 22 45 B 7E 10% LAPY,  HoAth S 4 i 22 35 1
1% LAK, O,v CIONO,. HNO,. HF. HCl. CO. HCN
A1 C,Hg A S B BOE A EBR S 308 6% 5% 15%-
5% 5%~ 5% 13%F19%; O, HF FIHCI {1145 iR % 1
B EBR BN 6% 12% Fl112%; %t CH, AIN,0, X
4 BRI HUE R ) R A] DL ANTH[73]

Sun Z£[66]HF 745 H AN 2 B BUEE R ot SR fl A 11 52 1)
B AT AN G B . AR R HOE R 5T CH, AN, O [ 52
i) /I F-6F O5 F1 CO HISEIA , Ay T 4 Al A 14D 52 10 00 ok E 2%
PAPY, RS CO AT O I A5 RS Bt (14 A 45 R B0 A A
CH, 7F 0~7 km 7 & A1 16~37 km 5 B X 2% R 30 1E 1) 22 %
PR 45 M 13.0% A1 1.5%. TE#REHK 7~16 km F1 16~37 km
YA EEI Y, RS o B B R BER 2 D 12.0% 1 4.5%.
A3 7% B B G ) R RS X6 0~7 km Ak CHL, ik FA) 5 1) AR I ) 22
F&XF 7~16 km &b CH, i A 1 52 W v LU ZLB& A 11 [66]; N,O
#£0~5.0 km. 5.0~11.5 km. 11.5~20.0 km F120.0~35.0 km
o JE Y L A PO ASCS BR BUE 1RV RS B PR 5108 6.0% 4.0%
1.5% A1 1.5%. #£ 11.5~20.0 km F120.0~35.0 km 7 J& 75 [
P, A R AR R 23 R 2.0% F1.5%. AT
A% BR B )RS X6 0~5.0 km F115.0~1.5 km N,O {1152
i i DL 2 BEASTH[66] -

A B0 355 S 45 ) NIR FI MIR i 3% 35 F A 7] 1 gt
s RS FIER I A, BT RIS T AN R 1 S i
BB, e ZRANER T, XTS5 BUR T R
ZEo N T2 NIR 1 MIR O i 5 i5 1) HF £ 48 2 75 77 LA
EIN—ATTEBEIRE, Yin S [67]10 X W HdE 44T
T, R INIR FIMIR X, 088 HA — S =751, (|
NIR X, H 8 35 8 % T MIR $d%, 734 2 {8 9(6.90 +
1.07) pptv FEARFITE, Jider2z—) [67]. L, Yin%E
[67ITESS GixX IR AR AT W FL 2 A, 0 NIR Z#m 42 1
J076.90 pptv 7 [l € e 22 -

TEA IR0 P B R B, NIR Y 7 AR
DRIFIERM S o[RS, X 28 BRI NIR J6 i th ik = AP AR
Kt IF HoH T D0 BUAS 56 BT 52 B TH I R 22 R S
BT 1% LWL R fa# G nT Re =tk RGimZzE . N TR —E
)Xoy, KIIBE TR 51, - Tian SF[631REAT | — RIVEIE LA

PRIXEEER RS ZE, BAMBIE T 201547 HZ A Xy,
1 11.0 ppb R ik % [63]-

4.2, REERARA A RHE

A HE A3 1) 3% S W0 5 8 R Tt 7 v R R i
X 32 #E RS I AR AR RFAE . Wang 55 [62] 25 T/ 45
[ NIR Wl & 45 5T T CO, A1 CO I ZET5 A 4b }idd:, I
Koo, AW M ZEH5 I, 100 Xoo Bo A WI A4 4
Wang 456213 — 2B 3T 1 Xoo M Xoo ZIAIHISR SR, RILIX
PP SRS UL B 18] B B AR DG, FLBE AT K5k
FFIMAZ A [62]. Tian 55 [63]5: T & LG 2014 %2 2017 4 1)
NIR WL HEHE T T Xy FIAF AR (0.56 £ 0.15%) 2™’
Ko TERFRARCRI RS, M 17 H AR s
5T BRI AR AL o Xy 10T B 2 5 SO H 3
EEE, BAMEBIELTE. 1AM Xy FTIIELL
8 H {31 30~55 ppb.

Sun %5[8,10,13, 151 FH & T3 AS [] B 18] X /) MIR S
TEHRRF 5T T o E R X O« HCN. H,CO 1 C,H, {12
TR . MZE O, (0~12km) HA6 H#&
K 12 H/NAZETTHRRE . 6 H XTI )Z Oy FEW B LT
12 H 5 50%, HFEZF=HXNRE Oy H AL — R TR A&
ZET . X5 Vigouroux ZE[821 M M ANF], S5 NN XY
T X IR O, 18 75 221k B2 M KA

A B HCON X it 2 A B A B 2 i 2= 715 2R AL R ALE
SHL 912 A3 I =T IEE[10]. SRS
B NE 3 HON [R50 L2 A 1 T NDACC H At 5 1) WL
WA . 20154F 9 H %2016 47 H HCN X it 2 A 5 b 3
fib Oy FIIME K 5%~46% . ErHESE X, oo M AT BUAE T H K
FIFATRAM, /£ ARBFWEME, 1 ARIX, o
be 7 A8 42.9% 2015 %2019 4F & HLEE X, oo I [7] 5 51
£(2.37% £ 0.70%) a [ IEAR L 3

Sun Z5[15] K B C,H, X it & 41 7 35 2 UBE IR 73 3
(troDMF) f£ 12 H ik 2| Z=747 ¢ KAH, 7 H ik B & /MA
20152020 4F ALK, BHEN(-2.6% = 1.33%) '
BT 5 ZE0i )= OH AL e 77 T4 Z8[15], C,H, troDMF
B & TR KNEME ZFE 5/ MERZE T HERHE . HESR AR
PR 250 5K 2271 (4 C,H,, troDMF B A fa [l 5, W &2
5] C,H, troDMF JFLA7 I [ 540

Yin S [710F AR, A AR E NO, 78 B 2
I, R RS, 6 H I AR K,
1 HHIE R ME. 6 A IINO, i 2R EE 1 H
#3314 75 39.20% + 8.95%.  Yin 25[67—-78]#1 Shan 25 [81]53



— WA HFIRUZ HCL. HE FITHNO, 248 L a3 5
XoF Uit JE T v B ) 2= I Bl A % . PR JE HCL. HF #
HNO, HEWR AR 1 3 I Itk e KA, 729 At 2=
A/ ME[67,78,81]. “Fii/Z NO,« HCl. HF F1HNO, f:i&
JEE A5 AL 3R 3 5l N (-0.34% + 0.05%) a (2015—2018 4E) .
(-1.83% £ 0.13%) a”' (2015—20194F). (-0.38% + 0.22%) a”'
(2015—20204F) H1(=9.45% + 1.2%) a™ (2017—20194F).

4.3. HEHOEAL

Xf T CO F CO, A 3 [F) SRV X 38, ] BLad i #F 7t
CO F1 CO, A IR HEWT CO A HE i . Shan Z5[ 7617
A A NIR Y i S 8 1) ACO/ACO, FL A 5 7 # K i &
JE COHE . Shan Z[76]1 IR N 78 T MHEE B4 7
(1) CO HEHE 5 M & 45 SEAHEWT ) CO HF R 2 18] 1 22 7
ik, ShanZ8[76]HLHE T A RS 201549 H 2201748 H
L FTS. TA. B &MHEGE 3551 ACO/ACO,
FefE . £ Shan ZF[76] I 58 H {8 1 43R KU e HR K
i PE (EDGAR) AL K% (PKU) HIFHEBUE#. i 5
R, LT PIRRHEERGE L ACO/ACO, Hh izt ize K F 3L T
HFEFTS A7 A A T2 M EHEE 1 ACO/ACO, A -

Shan 25 [76]33F — 25 FI F FTS ML {# 4 5 ) ACO/ACO,
Eeffi, LA& M EDGAR Fil PKU i #H 75 Hi i) CO, HE ik
HeWT COHEE . 3£ T EDGARIE HLI CO, HEMAIIE T FTS
M ¥ ACO/ACO, EEAE T 5/ CO HE%, 2015—2016 4
214 (11.27 £ 091) Tg-a™', 2016—2017 4F £ K (12.35 +
0.74) Tg-a "o F&T PKUJE HL[H CO, HEMURIEE T FTS MLl i)
ACO/ACO, LEAE Al 5 1 1R 31 CO HE SR 73 311 249 24(10.96 +
0.88) Tg-a ' AI(11.95 £ 0.71) Tg-a™'. H T PKU 1 EDGAR
TH B AT DUAR 4 b 7 B SE BRI CO, HEI &, 2T FTS ACO/
ACO, LUAE 5Pt iE Fut 5 CO HE W) & 4T .

4.4, PEHIERK

A RE Sk () FTS 3 S W 45 5 T2 2 Jk b BE 56 iE $2 1t
T—RIEMEREIEE. 7 R P A FTS 10
BER, BETENEEESPERMEK L LZER,
o, LAFTS S656 50 2k ) a5 L (A] bt T 40 33047 3508 I
WAL, Pl P e B 2R R A O 22 S [56]. AR Rl I R A
BB KT % R o6 FTS B AT g b3, /ML
WESPRIMRER . BJa, FR PR A
P P RO B 347 % B

Wang 5:[62] & I & AR a1 #h 2 FTS Xco, i 1] 7 %) 5
HAE =S AWM 22 (GOSAT) 135 [H i W B2
(OCO-2) WLz Hwy & 8t [62]. 5 T FTS WM # 4

9

L, GOSAT R OCO-2 X W 17 A1 i3 H 3491 6 22 7331
N (-0.52 + 1.63) ppm A1 (0.81 + 1.73) ppm. GOSAT Al
OCO-2 WL AT LA FE I FTS X A7 511 H R A2, AR
KRB D 43 H180.79 F10.83. Yuan Z5[63] Kk FL& L uh
GOSAT 5 FTS X, Hudi ()7 5% (GOSAT 55 FTS MLIIMH 2
7)) BHEMAEER R R EA, HE5FWK, P
I (1.60 + 13.0) ppb  (0.09% + 0.70%) [50,83]. GOS-
AT RIFTS BLIU RV Xoyy (9255 RS & UF, AR R EL
(r) H0.77.

Yin %5 [71] & B 5L S A (OMD 22 00 il 1 1)
2015—2018 4F- 2 [A] [P |2 NO, I ] 72 51) 5 5 sl [F] A
HIEFTS B AEW) &80T, MHRFRE ) H0.841 [71]. OMI
5 FTS FIF- T ZH (OMIK 2 FTS) N(1.48 + 5.33) x
10" molecules - cm™ (4.82% =+ 17.37%) [71], £ A%
A B E FE VO Bl . OMI 5 b 3k FTS W0l £ 2015—
2018 AP /2 NO, B A —EU iK%, 29°8(-0.91% +
0.09%) a™. LAk, Oshio ZE[7974F A AL, ) FTS il & Kb 1
NEEHAREZ —, K GOSAT MM CH,/CO, Sk LA T
TIMZERIE, Hedelius 5[ 7714 FTS I & £ 4 FH T PF-Aloa i
JEIG YA (MOPITT) X, v7 FIIESE H o

Shan 5 [8114F & AL st WL Il 1) ~F- 9 2 HNO, Al HCTAE A&
H5MLS TEEHNT T X, RIMMLS TEHES
FTS £ HA M AR RERRR R, A RS
()T 2 HNO, I HCLAR IR BE A OG R4 G 439908 0.87
F10.88. AWM °F- 37 2 HNO, kE F1 HCLAE: 5 L5
20483 (FTIR)  H 4 (1) 1 35 4l 22 79 0l 9 —8.58% =+
12.22% F14.58% + 13.09%.

Wang 45 [62]+ Tian 45 [63]+ Yin £:[71]. Hedelius %%
[77]. OshioZ5[79]. Shan Z5:[81]/ 45 HIGE T & BB I 3k
RERGERIT I 2 AR S KSR H . 2. R
b, FRIRAIE T TR M R

4.5. KA ZEREIEAS

A Bk R 28 FTS ML s 4 T 975 K CTM
e E R X A, BT CTM R B RS
M EEFTSAEEZE R, VPN Z R, X CTM BRZkidtAT 1 7
1BIE[84]. Bk, G EF MBI FTS EH =S E. 28
J&i, T ULFTS 5656 B 28 R AK X 5 357 0 B 4 0 BR 28 2647
P [68,84]. e, KR EHT RS AL AT S 1 CTM 4L
5 L FTS #a kA7 L.

FIF A B3R5 CH,~ NO,. H,CO. C,H,. CO,%%
Z PSR FTS 1 18] F7 41 6 GEOS-Chem 452 284 3F 47 58 11F .
GEOS-Chem 5 2 S0A4 b m DL R B 3 FTS A0l 21 () 1 £
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R ET R IIRERR S o X T Xy, « NO,FUZEHE
Xy cor C;H roDMF il CO, troDMF, GEOS-Chem '5 FTS
A< R GD 4798 0.860. 0.858. 0.780. 0.880 Al
0.890 [13,15,63,71,80]. #A1fi, GEOS-Chem #5318 E F 2
FTS WLl 2 ik S H A2 [13]. #ln, E 2 GEOS-
Chem Il FTS 2 | B@XCH4§E bt 425K 35~55 ppb [63]. X
FNO, Vit 2+, #Z= GEOS-Chem 1 FTS 2 [a] ) £ 57 B
BN T HARZE A [71]. 4T C,H, troDMF, GEOS-Chem
BEA[1514E 7 H @il FTS H-FB0ME 35.6%, 1£ 12 H 1K
5 FTS H MM 17.4%. %862 53 5 L K] GEOS-
Chem 5 UFEFH 7% 18] 73 28 T R0 K 3 BT & A1 7K-F A6 Ha
i RAFE— B AR M, ML S B A R AH T RE, B
5 HEIGE BRI AL AN € 1A K

GEOS-Chem 5 FTS ) Xy » NO, il JZHE Xy con
C,H, troDMF #1 CO, troDMF 2 5 43 5] A (- 8.09 + 17.83)
ppb (0.45% £ 0.95%) . (2.36 £ 2.33) x 10" molecules - cm™
(7.66% + 7.49%) . (=0.05 + 0.20) ppbv (=2.60% + 10.40%).
(-0.02 + 0.05) ppbv (~1.60% + 4.20%) HI(-1.68 + 1.23) ppbv
(-0.42% + 0.31%), ITER BRI FTS S iz 226 Fl A
25 LI UF T GEOS-Chem RE % B 40 b [ 4R 30 ¥5 4y b [X (1
CH,. NO,. H,CO. CH,f1CO,KE . Z=ViffH A4 frAz
fkita34013,15,63,71,80].

4.6. K159 KI5 1540

Sun [ 8] F A AT sl WL I 7 %6F 37t )% O+ HL,CO 1 CO
FEIREE, OMIFRMEAINTRE NO, FIR B, 45 &< B,
ST T 4 BB X 1) O, ek 2 A4 L8] Sun 25 [8]7FH ,
S RRES | RN 1 I (¢ P W - R R 0]
[N | S = i (v A S P R e 5 R e 3 €D
JE I X ) O, 42 B A 52 [8]. RN E =45 1S HBE 2k
HimE TR AN DL X, HFEFENHXRE O,
FEE RS TAKAZEY . Sun Z[8]iF— 4 LLH,CO/NO, X}
MEFELE AR T, R 10, (PO, WG
UM . Sun ZE[81KILAF H Z=1 PO, EEZ NO, %4, K
A E 2 VOC 1215 VOC-NO, iR & #1 .

GEOS-Chem # A #2 8] 7 & L ¥ CO. H,CO. C,H,
A BE AR AL, PR Sun 85K 3 7 3 8 04 1) IR AT 7
[10,13,15]. Sun ZF[10] K& I % it &2 HCN (AHCN) F1CO
(ACO) )34 5 F AT AR 5 I AH K1, R WX iR 2 CO Ml
HCN [ 3 5 B A AH [F R 5 [10]. A X — %%, SunE
[10]F] F§ GEOS-Chem Fric ff] CO FE3UHf & T HCN 1R,
3 tH HCN7E 5 7 1 2875 fe K AR 32 A PR T 25 2 AR /e I
(SEAS) (41.0% + 13.1%)+ FEM (AF) (22.0% + 4.7%)

K BRMATIEE (EUBA) (21.0% +9.2%) KA BR B HE
. HCNTE9 H HZE77 i KAE 2ok | EUBA  (38.0% +
11.3%)+ SEAS (14.0% +3.3%). AF (26.0% + 6.7%) Al
JE3£ (NA) (13.7% £ 8.3%) HIAEY R . HCNTE
12 A 24 & KME B2 AF (36.0% + 7.0%) « NA
(18.7% £ 5.2%) FIEUBA (21.0% +5.2%) 5.

Sun %[ 1314 H] GEOS-Chem A5 B &4k, 1 S [A] b FE[X 15,
FHEBCE T 0 & ARk 5 22 H,CO # 5 i DT mk[13]. &5 K
By, JEH R EE S (NMVOC) 1 CH, S At
& NETT & ZE H,CO 3 5% 1Y) 51 Bk 73 31l 9 56.73% 1 43.27%;
55 2 H,CO 4 9% A 5 [ NMVOC 3= 22L& iy 3 R 3
NMVOC HE 5/ BT NMVOC #1 CH, f3# I S 806
b2 H,CO 36, A 2015—2019 4E H,CO B T
#[13]o F T Sun 55 [13] 5 B3 AH AL I R BB BF 90 7 32
Sun ZF[ 15145 H AR [ AR 5B HLIX O CEDRREHA A RED
HEs o CH IR 1 49.2%, HIR CEVIT IR+ PO
HER A7 37.0%. A RSt 0L 21 1) C,H 28 A4 3= 22 )[R o
By CH HEBAR A (74.0%), HoArdEdb, AR 7R R AE i
X STk K (57.6%) « 2015—2020 4 C,H, & T FFi& %,
R E S SR EA s, X2 T I AR ANE L
A HHE L 1) CH, 2 AT/ [15].

5. EIRAKRRE

AT TS T A E 75 A TCCON M & 43 78 R FTS M
Tk ——A BEALI 5, 2014 45 DUSR B ) 3 BT 78 2R -
XL AR B T o RO SO AR AE . SRR
Heetivh . BEMRSAMERAISIE K75 Gk
FESTJT T BIR . ST B RE RN AL L1 1 3 R I 2
BN B CTM H . it >k, SIRIER CTM ¥4 it —
NS KA AE R R FE IR . AR A IR BT AR
{3 B U R RS AR AR, AR A BESS TR DR
J7 TRFEEA T o

(1) 7 FH b A 5 B 2 S 45 SR T AN [ RUBE )
KEAWF, FHERFERNT 6 2 AR AAR 4, 5
FTS il (R 5 AR AL (WMO) REAHE )
IOGUERE . H AT AKE A BEMLI Sk () L FTS $is gk 47 2%
TRV 14 ST 0 2 D0 5 R () BRAIE o X PP AR 36 A 1 v
HiJE FTS W0 (405 BE K P o AR BIF T AT A b A A
TCCON uli s A R M & H T & B, FFM 4
Wunch &5 [17] B I i 22 2K 7€ F5 A< SC NIR N5 28 . A
b, ARSR IR FE AR A F AL 2B el & ket — PR A e
St 1 FTS WU P 7 i 2



(2) N7 BRI 5 AN A EAEH
TSR Z KA AT KR . R, & et 4k
e Fesd W E A RARY . AR Z MR
7L, WIPAN. OCS. NH,. #&#HE (CFO), FiEx
THEARFHO IS SR R R, X Ly P $ ok il 2 1 1) (1)
HER M ASKIH N . 5 TCCON/NDACC WL W] (it Al s 1%
A, & BB ) IFS125HR 6 i (X 7 o 7 &4 e itk v
B, EE S FOI A SRR AR . THRIFEARSK
SRR, WG HE— 2D 3w Ao B
A St e Dy v [ BURT ) SR (2GR BUR . SEBL P RURD
(AW E) HARRERESEE .

(3 AERRAIAEE M SRS R BE i 1) —¥B 7, =
R FTS B 8R40l 32 F T e R SR B 0L 5 A5 UL AE
RN H AR A B8 . R IFS125HR O B A A0 K 72 Al A 5 1tk
S HARIUH o, (EAT RBR . IFS125HR & —F 5 it
MR H G, & MIEAT TR E R BN EA . 2%
PO B B BB IR THAEN R R, A
T Rix e, EHER AR TN B BER G
B9 6, 4 EM27/SUN Al VERTEX-80/SUN. 7 i
Ft & ] EM27/SUN fll VERTEX-80/SUN X%} T H: 465 & (#1
CO,» COMIH,CO) EA 5 IFS125HR A LA [ R I 4 14
{H B A AT (R 31 [70,85].  #E 4% Fl EM27/SUN il VER-
TEX-80/SUN {3 5 1 535 11 55 T ol 152 it 1) HE s 2 2 11
W F R 1 3 W3R FTS B HHE S %0 gk AT IR AIE . 2 5010 1Y)
EM27/SUN il VERTEX-80/SUN M il 545 mf LA#R 76 A [ 21
B PREFTS MR 4R . b4t A B s FTS 21
PR ICN FH TS0 AR I Hh [ A5 T

(4 A AEBEAR R T AT 7 9 1 o B KSR W
P o X LR 5 H A & B CTM B EE — &2 fE A,
H¥a gk SR AR L2 B N AMRHIT A, DUBE fHb 7 b [ R 4
BRI, AT R AR R ARAEY RN
FAgE FERI R o

(5) & RE sl AT T 70 B RAT T Bl S5 A A 9T ]
A5 TCCON/NDACC Ml WX (1 25 ) & 7E o« 4 RE S A K
¥ 2 4% 5 [E fr TCCON/NDACC ML AR 2235 5, A
DRI FU ARG Bl A (8 B 08 B AN S ABAR AN H DTk

(6) I FH G R sl P v i 70 % 28 A0 wRhs B b B FTS 20
PR TR PG R E . R RE I IR AT TN B B T2
T RS S3 1) Js A P AR B o A SCHE 7 1 B S5 03
R AR EAE, ek RSO 6 1 iR

e, A NEEE R SRR AR B, B — W AT A
TE DX IR A RV Y B AT S84, 28 S5 e fifg
LN A 3759 NE S ST =1 S R D W (A e f )

11

AL BAE BRI, Rl AE HAA A BRI 1Ak
M R SN ATSIE P A 75 2 XA Bt o A 78 7 (K0
EANEu  A E VISR, NTA BESE 4 i 1 K=
TR MBI AR AR

8|

AT 5Z R B T A BT IR 2 22 (2019434) 4
[ B A 1E 55 28 0 H (M-0036) ¥ 1 . 8¢ i NDACC/TC-
CON WL [ $5& (it 1 5 2 1F 10) BT A, IR ATLAR BT R 22 1)
David Griffith (4% 1 Nicholas Jones (4% . 3 ¥ |5 5 K< #ff
FH 0 (NCARD f#) James Hannigan #(#%7 . £ /R 1 & )L # T
225 (KIT) i) Thomas Blumenstock #(4% A1l Frank Hase #{1% «
EE I 2 5K 7% (8] i 22 B 95 B (BIRA-IASB) [#) Corinne
Vigouroux #{#% - Liége K % [] Emmanuel Mahieu (5 LA 2
NDACC/TCCON R ¥ {14 ¥ 2 FAth [7) 575 &5 I 00 00 ot
NN IBAT AR R A T B
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Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.eng.2021.11.022.

Data availability

Dataset retrieved from the NIR spectra suite is
archived in the TCCON database https://tccondata. org/.
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Dataset retrieved from the MIR spectra suite can be avail-
able from https://doi. org/10. 5281/zenodo. 5205257. Data
format and usage of the NIR and MIR datasets at the Hefei
station follow the TCCON and NDACC conventions,

respectively.
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