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Fig. S4. CO2 seasonal cycles for (A and D) CARVE, (B and E) ACG, and (C and F) PFA separated into 1-km vertical bins from the surface to 7 km (A–C) and
corresponding vertical gradients for various ML and FT average bins (D–F).

Fig. S5. CO2 seasonal cycles for CARVE separated into diurnal bins for (A and D) 8–12 local time, (B and E) 12–16 local time, and (C and F) 16–20 local time,
separated into 1-km vertical bins from the surface to 7 km (A–C) and corresponding vertical gradients for various ML and FT average bins (D–F).
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C. FUTURE-SHALLOW, 
     Climate

HIST: -0.015 Pg C (Ann), -2.7 Pg C (Sum), 1.8 Pg C (Win)

15YR: 0.27 Pg C (Ann), -2.5 Pg C (Sum), 1.9 Pg C (Win)

30YR: 0.43 Pg C (Ann), -2.4 Pg C (Sum), 1.9 Pg C (Win)

50YR: 0.39 Pg C (Ann), -2.5 Pg C (Sum), 2 Pg C (Win)

100YR: 0.85 Pg C (Ann), -2.4 Pg C (Sum), 2.2 Pg C (Win)

200YR: 0.73 Pg C (Ann), -2.3 Pg C (Sum), 2.1 Pg C (Win)
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A. FUTURE-DEEP, 
     Climate

HIST: 0.0022 Pg C (Ann), -2.7 Pg C (Sum), 1.8 Pg C (Win)

15YR: 0.32 Pg C (Ann), -2.5 Pg C (Sum), 1.9 Pg C (Win)

30YR: 0.48 Pg C (Ann), -2.4 Pg C (Sum), 2 Pg C (Win)

50YR: 0.49 Pg C (Ann), -2.5 Pg C (Sum), 2.1 Pg C (Win)

100YR: 1.3 Pg C (Ann), -2.3 Pg C (Sum), 2.5 Pg C (Win)

200YR: 1.3 Pg C (Ann), -2.2 Pg C (Sum), 2.3 Pg C (Win)
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B. FUTURE-DEEP, 
     Climate + CO2

HIST: -0.2 Pg C (Ann), -3 Pg C (Sum), 1.9 Pg C (Win)

15YR: -0.001 Pg C (Ann), -3 Pg C (Sum), 2.1 Pg C (Win)

30YR: 0.071 Pg C (Ann), -3 Pg C (Sum), 2.1 Pg C (Win)

50YR: -0.04 Pg C (Ann), -3.4 Pg C (Sum), 2.3 Pg C (Win)

100YR: 0.59 Pg C (Ann), -4 Pg C (Sum), 3.2 Pg C (Win)

200YR: 1.2 Pg C (Ann), -4.4 Pg C (Sum), 3.8 Pg C (Win)

Fig. S6. Seasonal CO2 flux changes under future warming scenarios over the next 200 y using climate runs with and without CO2 fertilization. Scenarios
include (A) deep soils (FUTURE-DEEP; Zτ = 10 m) without CO2 fertilization, (B) deep soils with CO2 fertilization, and (C) shallow soils (FUTURE-SHALLOW; Zτ = 0.5 m)
without CO2 fertilization. Results are shown for pan-Arctic–scale emissions (ARCTIC-ON). Future CO2 exchange is reported at annual, summer, and fall time-
scales below figures.
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Fig. S7. Alaskan CO2 observations time series for 2009–2013 for airborne and satellite observations. Airborne observations are averaged into altitude bins for
the ML (0–3 km asl; □) and FT (3–7 km asl; ○). Column observations are averaged over Alaska (cyan). Results are shown for (A) raw CO2 and (B) detrended CO2

for 2009–2013 based on Mauna Loa CO2 trend over the same period.
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C. Free Troposphere (3-7 km)
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D. Column (Alaska)
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Fig. S8. Observed and simulated CO2 seasonal cycles for airborne and satellite observations averaged from 2009 to 2013. Airborne data are monthly averages
across PFA, CARVE, and ACG for ML (0–3 km asl; □) and FT (3–7 km asl; ○) bins. GOSAT data are column averages for Alaska (♢), pan-Arctic (55° N to 72° N; ×),
and middle latitudes (30° N to 55° N; *). Shading is the monthly SD, representing interannual variability over 5 y. (A) Airborne and satellite observations. (B–D)
Observed and simulated seasonal cycles for (B) ML, (C) FT, and (D) column. Simulations are from TRANSPORT experiments, including CONTROL (solid lines),
ALASKA-OFF (dashed lines), and ARCTIC-OFF (dotted lines).
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Fig. S9. CO2 interannual variability and sensitivity to Alaska CO2 flux. (A) Variability from 2009 to 2013 of the CO2 vertical gradient (ML − FT) for combined
airborne observations (black) and CONTROL simulations (green). Regression of CONTROL CO2 against CLM4.5 CO2 flux during (B) summer (June to August) and
(C) fall/winter maximum (September to December). Pearson correlation coefficient and P value are also shown.
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