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Supplementary Figure 1. The IAV amplitude map, with different resolution from (a) 2.5° longitude
by 2.5 ° latitude, to (b) 5 ° longitude by 5 ° latitude, to (c) 10 ° longitude by 10 ° latitude, to (d) 5°
longitude by 10 ° latitude and (e) 5 ° longitude by 15 ° latitude.
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Supplementary Figure 2. The IAV amplitude difference for different resolution. (a) between 5°
longitude by 5 ° latitude and 2.5 ° longitude by 2.5 ° latitude, (b) between 10° longitude by 10 °
latitude and 5 ° longitude by 5 ° latitude,(c) between 10° longitude by 5 ° latitude and 5 ° longitude
by 5 ° latitude,(d) between 15° longitude by 5 ° latitude and 10 ° longitude by 5 ° latitude.



(a) (b)

soundings >25 soundings >20

90°N 200 x 90°N 2,00
0 - : '
60°N [ : E= 1l ; 175 O oo [l , a - — 175
. S . . 150 § = 3 ] CAanES®® = 150
30°N bl = el . A 2 30n = il
" 1 125 o 125
s P ou § g
0 Zh a ¥ w05 0° ﬁ‘ 1.00
3035 ) o2 - d s . 075 & 306 J .. {7 s . 0.75
=~ \( Q e V
& ] - 2 930 9 & § 3" modf 7 0.50
00" [ e ey St ————i |03 60°S 1S | o R ——= |fo2s
3
90° 00 2. 90° ?
oo 0w 60w o° 60° 120 180° %0 oo T0W 60W 0° 60°t 120 1s0c >0
C d '
(©) soundings > 15 (d) soundings > 10
90°N : 200 x 90°N 2,00
o 0 B
60N ol : IS 5| : == 0175 C soon Pl 3 S C - 175
. . SN . 150 § " ;. X 150
i ; > ‘
30°N : e = ==l < 30°N 5 e
: 125/ 5 125
e 3 Al
0° = di o —~ M1003 o . —— Moo
S " .o s ] 075 & S - ’!")Sﬂ Is s 0.75
L= > o ¥ | L
& " [ & 0.50 ® & s N Pd 0.50
60°S :% e e T 60°S s - ; ——
s 8 [ e W e 0.25 -g o | |j025
90° ‘ I 2. 90°
T80°120°W  60°W 0° 60t 1206 180 0% T0° 120°W  60°W 0° 60°t  120°6  180c %
(e) soundings > 5 (f) soundings > 0
90°N 200 x 90°N 2.00
) B 0 r nd -
60°N - - 175 9 go°N i :
il . Y 150 § -, e 1.50
30°N [ Ll bl e R - Z 300N ) 2 & . ki
< _ 125 o . g m 125
0° R — 100 3 0° - & : 1.00
.~ 075 & o Sl 0.75
30°s ¢ S 30°s
N X |loso & , < 2 |loso
es | ol = 60°S A
60°S = 0253 : 0.25
8 | 3 gp° L
90 fgo- 120°W 60°W 0° 60°E 120°E 180° 0.00 = ]?80’ 120°wW 60°W 0° 60°E 120°E 180°

Supplementary Figure 3. The IAV amplitude map, use different sounding numbers as the
benchmark to filter and get the aggregated OCO-2 detected XCO,.
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Supplementary Figure 4. The IAV amplitude difference between OCO-2 detected XCO, AV based on

different sounding numbers.
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Supplementary Figure 5. The Log of Mean sounding numbers for 12 months for each 5 by 5 °
gridcell all over the world. The colorbar range is set to log -1 to 10 which is equivalent absolute
soundings of 0 to 20000.
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Supplementary Figure 6. The number of valid records (X out of 6 for JAN~JULY, 5 for AUG or 7 for
SEP~DEC) for each month (JAN, FEB, etc...) for each 5 by 5 degree gridcell.
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Supplementary Figure 7. The number of months out of 12 months in the year of 2014~2020
(JAN,FEB,MAR...) are available for each grid cell. It shows the OCO-2 XCO>’s capability of detecting,
which is related to the validity of our calculated IAV.
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Supplementary Figure 8. Monthly Mean of OCO-2 XCO; observation.
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Supplementary Figure 9. Monthly STD of OCO-2 XCO: observation.
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Supplementary Figure 10. Bootsrapping Linear Regression fit between TCCON and OCO-2 monthly
averaged XCOz IAV over 26 TCCON sites which have records between 2014.09 to 2018.12.

Light-blue regression lines in each plot are based on 1000 times ‘resampling’ of the original 0CO-2 vs. TCCON
IAV data points. The Steelblue line in each plot is just a simple polynomial fit between y and x.

The 95% significant level for regression slope is calculated based on the distribution of the possible 1000
slopes during the bootstrapping. The last figure, which is the histogram of the 1000 slopes for Lauder, gives
an example of how I obtain the range of k-slope.
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Supplementary Figure 11. Timeseries comparison between the OCO-2 XCO2 and TCCON IAV, blue shading
shows the uncertainty range of TCCON, green for OCO-2.
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Supplementary Figure 12. Timeseries comparison between surface COz MBL IAV and the co-located OCO-2
XCOz and. Orange lines based on OCO-2 observations while blue lines based on MBL sites.
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Supplementary Figure 13. Timeseries comparison between the zonal mean OCO-2 XCO: and zonal mean
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Temperate Northern Southern Temperate
Northern hemisphere hemisphere Southern
Hemisphere tropical (0 - 20°S) | tropical (0 - 20°S) | Hemisphere
(20-60°N) (20-60°S)

Averaged R inazonal | 0.280 0.173 0.501 0.423

band

R of the averaged zonal | 0.546 0.335 0.711 0.509

mean IAV timeseries

Supplementary Table 1. Comparison between the averaged R value for all TCCON sites IAV timeseries in a
latitude band and the R value of the averaged TCCON IAV timeseries within the zonal band.



