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Table S1. Detectors of the spectrometer at the Hefei station and their work ranges
	Detector
	Spectral range (cm-1)
	Operating temperature

	GaP diode
	50,000 ~ 18,000
	Room temperature cooled

	Vacuum diode
	43,000 ~ 24,000
	Room temperature cooled

	Si diode
	25,000 ~ 9,000
	Room temperature cooled

	Indium-Gallium-Arsenide (InGaAs)
	12,800 ~ 4,000
	Room temperature cooled

	Indium Antimonide (InSb)
	11,000 ~ 1,850
	Liquid-nitrogen cooled

	Mercury Cadmium Telluride (MCT) 
	12,000 ~ 420
	Liquid-nitrogen cooled


Table S2. Beam splitters of the spectrometer at the Hefei station and their work ranges
	Beam splitter
	Work range
	Suitable detectors
	Spectral range (cm-1)

	Kalium bromatum (KBr)
	Middle infrared (MIR)
	MCT, InSb
	4,800 - 450

	Calcium Fluoride (CaF2)
	Near infrared (NIR)
	InSb, InGaAs, Si
	14,000 - 1,850

	Quartz (II)
	Visiable
	Si
	25,000 - 9,500

	Quartz UV
	Ultraviolet-visible (UV)
	GaP, Vaccum diode
	43,000 - 28,000


Table S3. Details of spectral acquisition settings and typical gases retrieved in each spectrum for a standard observation run at the Hefei station 
	Acquisition
mode
	Filter
(cm-1)
	Spectra range
(cm-1)
	Resolution
(cm-1)
	Beam splitter
(-)
	Detector
(-)
	Acquisition time
(second)
	Gas retrieved

	TCCON
(NIR)
	no
	4 000-11 000
	0.02
	CaF2
	InGaAs
	150
	CO2, CH4, N2O, HF, CO, H2O, HCl, and HDO

	

NDACC
(MIR)
	*λc=1000
	500-1500
	0.005
	KBr
	MCT
	288
	HNO3, O3, CCl2F2, CCl3F, PAN, CH3OH, NH3, HCOOH, ClONO2, N2O, CF4, ClO, COF2, CHF2Cl, and SF6

	
	λc=1800
	1850-2175
	0.005
	KBr
	InSb
	288
	CO

	
	λc=2300
	1950-2600
	0.005
	KBr
	InSb
	288
	CO, N2, OCS, CO2, NO, COF2

	
	λc=2800
	2430-3050
	0.005
	KBr
	InSb
	288
	CH4, HCl, N2O, C2H6, H2O, N2, CO2, H2CO, NO2, HDO, and C3H8

	
	λc=3200
	2900-3550
	0.005
	KBr
	InSb
	288
	O3, HCN, C2H4, C2H2

	
	λc=4150
	3950-4300
	0.005
	KBr
	InSb
	288
	HF

	
	λc=5000
	4500-5100
	0.005
	KBr
	InSb
	288
	CO


*Central transmission wavenumber
Table S4. Retrieval setups for all gases in NIR spectra suite using GGG2014
	Target Gas
	Central Wavenumber (cm-1)
	Window width (cm-1)
	Interfering species

	CO2
	6220
6339
	80
85
	H2O, HDO, CH4
H2O, HDO

	CH4
	5938.00
6002.00
6076.00
	116.00
1.10
138.00
	CO2, H2O, N2O
CO2, H2O, HDO
CO2, H2O, HDO

	O2
	7885.00
	240.00
	O2, continuum, H2O, HF, CO2

	CO
	4233.00
4290.40
	48.60
56.80
	CH4, H2O, HDO
CH4, H2O, HDO

	N2O
	4395.20
4430.10
4719.50
	43.40
23.10
73.10
	CH4, H2O, HDO
CH4, H2O, HDO, CO2
CH4, H2O, CO2

	HDO
	4054.60
4116.10
4212.45
4232.50
6330.05
6377.40
	3.30
8.00
1.90
11.00
45.50
50.20
	H2O, CH4
H2O, CH4
H2O, CH4
H2O, CH4, CO
H2O, CH4, CO
H2O, CO2

	H2O
	4565.20
4571.75
4576.85
4611.05
4622.00
4699.55
6076.90
6099.35
6125.85
6177.30
6255.95
6301.35
6392.45
6401.15
6469.60
	2.50
2.50
1.90
2.20
2.30
4.00
3.85
0.95
1.45
0.83
3.60
7.90
3.10
1.15
3.50
	CO2, CH4
CO2, CH4
CH4
CH4
CO2
CO2, N2O
CH4, HDO, CO2
HDO, CO2
HDO, CO2, CH4
HDO, CO2, CH4
CO2, HDO
CO2, HDO
HDO
CO2, HDO
CO2, HDO


			Table S5. Summary of the retrieval parameters used for all NDACC gases. All micro windows (MW) are given in cm-1
	Gases
	O3
	HNO3
	HCl
	HF
	ClONO2
	CH4
	CO
	N2O
	C2H6
	HCN

	MW for retrieval
	1000-1004.5
	867.5-870
	2727.73-2727.83
2775.7-2775.8
2925.8-2926.0
	4109.4-4110.2
	779.85-780.45
782.55-782.87
	2613.7-2615.4
2835.5-2835.8
2921.0-2921.6
	2057.7-2058
2069.56-2069.76
2157.5-2159.15
	2441.8-2444.6
2481.2-2482.5
	2976-2978
2982.6-2984.5
	3268-3268.38
3287-3287.48

	Interfering gases
	H2O, CO2, C2H4,
O3668, O3686
	H2O, OCS, NH3
	CH4, NO2, O3, N2O, HDO
	H2O, HDO, CH4
	O3, HNO3,
H2O, CO2
	CO2, NO2,
H2O, HDO
	O3, N2O, CO2, OCS, H2O
	CO2, CH4
	H2O, CH4, O3
	H2O, O3, C2H2, CH4

	H2O treatment
	Profile retrieval
	Scaling retrieval 
	Profile retrieval
	Profile retrieval
	Scaling retrieval
	Profile retrieval
	Profile retrieval
	Profile retrieval
	Profile retrieval
	Profile retrieval

	SNR for de-weighting
	None
	None
	300
	None
	None
	None
	500
	None
	None
	None

	Sa
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std 
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std
	Diagonal: 
WACCM Std

	Error analysis
	Systematic error:
-Smoothing error
-Errors from parameters not retrieved by sfit4 *: Background curvature, Optical path difference, Field of view, Solar line strength, Background slope, Solar line shift, Phase, Solar zenith angle, Line temperature broadening, Line pressure broadening, Line intensity

	
	Random error:
-Interference errors: Retrieval parameters, Interfering species
-Measurement error 
- Errors from parameters not retrieved by sfit4 a: Temperature, Zero level 


*The input uncertainties of all these items are the same and are included into error analysis if they are not retrieved. Otherwise, the corresponding uncertainties wouldn’t be included.


