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Analysis of Carbon Dioxide Growth Rate Observed at
Anmyeon-do, Korea, and Globally over the Last Decade
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Abstract Variability in the annual growth rate of carbon dioxide (CO,) on both global and regional scales is associated
with changes in terrestrial carbon sinks. This study presents a comparative analysis of the year-to-year variability in CO,
growth rates over the last decade from 2013 to 2023 in the Anmyeon-do (AMY: 36.53°N, 126.32°E, South Korea) regional
background station and globally recent decade. We fist investigated the influence of the El Nifio-Southern Oscillation (ENSO)
on CO, growth rates. During the strong El Nifio event of 2015/2016, both the AMY and global CO, growth rates increased by
over 10% compared to the last decade average. Conversely, the subsequent La Nifia event of 2021/2022 led to a decline of
more than 10% in both AMY and global CO, growth rates, indicating a similar response of CO, growth rates at AMY to ENSO
impact as observed globally. The study also focused on the years 2017 and 2019, which exhibited significant year-to-year
variability in CO, growth rates at AMY relative to the global. In 2017, the global annual CO, growth rate aligned with the last
decade average, whereas the AMY experienced a 40% reduction, representing a notably larger decrease. Conversely, in 2019,
while the global CO, growth rate remained consistent with last decade average, AMY recorded a 22% increase. To explore this
pronounced year to year variability, we analyzed the optimized terrestrial Net Ecosystem Exchange (NEE) of CO, from the
NOAA CarbonTracker model. In 2017, the biosphere CO, uptake around the Korean Peninsula was 0.27 PgC, the highest in the
last decade, while in 2019, it dropped to 0.14 PgC, approximately half of the 2017 level. These findings suggest that the CO,
growth rates observed in AMY are highly sensitive to terrestrial changes due to temperature and drought conditions around
the Korean Peninsula, highlighting the imperative for long-term monitoring to understand the impact of regional climatic
characteristics on the carbon cycle amid ongoing climate change.
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Fig. 1. Three-days backward trajectories footprint for July
2020, calculated using the Korean Integrated Model (KIM)-
Stochastic Time-Inverted Lagrangian Transport (STILT)
model, arriving at Anmyeon-do station (marked with an X at
36.53°N, 126.32°E).
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Fig. 2. Global Fossil Fuel emissions (blue dots) and the airborne fraction of CO, (gray dotted lines and with 1-sigma error)
remaining in the atmosphere each year. The uncertainties of airborne fraction were propagated from 1-sigma error of anthro-
pogenic emission and sinks from ocean and land. The blue lines indicate the long-term increasing trends during the periods
2001~2013 and 2014~2021, respectively, with marked linear regression slope in the increasing trend of fossil fuel emission
between two periods. The airborne fraction was calculated using anthropogenic emissions, sinks from biosphere and ocean,
as reported by the Global Carbon Project (GCP) (https://globalcarbonproject.org).
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et al., 2017; Fang et al., 2017). 2015/2016'3- tHE4]
Q1 73t dyizo] ot Ax7]97t S-S Al7]=
AZX71F0)| A g4 2he] W54de Aok thEs]
Ql A2 =] Qlth (Betts et al., 2018). ©] A]7]
E2 7] mhE B/ A 250] S7kstal A
o= A 2o oliteletA: FETF A S
ool AbEofl ofet HiEe] &
7L o] u]=35-9-5= (National Aeronautics
and Space Administration, NASA) OCO-3 942tz
N FSISHA TSE QI (Chatterjee et al., 2017).
NOAA®A 201618 HIgH A 29 Z7h&-22.83+
0.08 ppm, FHEL O] AP F7He-2 2.76+0.12 ppm
O = o} HIR o g A 109 Bt S7H(oF
2.40 ppm/year) ]| H|5l 10% ©1d F71eF <Eolvh (7L
& 5). A A9 F7REE Sl AT R
o & o A9 A0 = A T 3le

ENSOY] 3= 52 ArheolH S21808 et

il

sk

¢

Bu/

hske) 3

U= e & &= AT (Rayner ef al., 2015) 2 5
RS Bl PR AUk o] JFS Wl 9l

22 XA} (Seo et al., 2021).
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