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1. CONTRAIL Data Overview (the Asia-Pacific Region)
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• In the summertime upper troposphere, CO2 depletion is observed across the AsiaPacific, whose origins are biospheric uptakes in boreal latitudes and South Asia
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Highlight Features
• We present 10-year climatological CO2 variations over the Asia-Pacific region

• Low-CO2 air due to South Asian biospheric uptake is transported through the
Asian summer monsoon anticyclone, which is a key factor determining
distribution of atmospheric CO2 over the Asia-Pacific
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• In the springtime upper troposphere, highly elevated CO2 is observed with
enhanced variability, plausibly associated with periodic passage of midlatitude
cyclones

SIN
CGK

(A) Flight Tracks of the CONTRAIL aircraft over the Asia-Pacific region and (B) numbers of
vertical profiles taken over the Asian cities for November 2015–December 2016.

• Seasonal meteorology (activity of midlatitude cyclone and development/decay of
Asian summer monsoon anticyclone) changes flux contributions to the North
Pacific e.g. from East Asia (spring) to South Asia (late summer)

2. Seasonal Cycle, Vertical Gradient and Variability of CO2 over Asian Cities
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(C) Seasonal variations of vertical profiles of ΔCO2 (=CO2−long-term trend at
MLO) over Asian cities. Vertical and horizontal bins are 500-m and 14-day
intervals, respectively.
(D) Maps of amplitude of seasonal cycle at different altitude bins over the Asian
cities. Circle color and size legends are shown in top panels.
(E) Months of seasonal (left) maximum and (middle) minimum occurrences and
(right) amplitude of seasonal variation over each airport.
(F) Monthly vertical gradients (defined by monthly average ΔCO2 at 1–2 km
minus that at 8–10 km) over the individual airports.
(G) Same as (C) but for standard deviations of ΔCO2 in each bin. The standard
deviation is calculated only when the bin has > 5 data points.
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3. Upper Tropospheric Seasonal Cycle and Variability
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(H) (Left panels) Monthly ΔCO2 distributions in the UT (> 8 km with the stratospheric data i.e. PV > 2 PVU
excluded) over the Asia-Pacific region. Overlayed are monthly averaged wind vectors at 250 hPa. (Right)
Histograms of ΔCO2 in each 5° latitude bands. Every histogram is normalized by maximum frequency.

4. Comparison with NICAM-TM Model
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(I) Distributions of (left) ΔCO2 in the UT observed by CME, (second left)
CO2, (second right) FF CO2, and (right) BIO CO2 at 250 hPa simulated by
NICAM-TM for 2011.
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