Observation of near-surface CO, using synergy of TIR and SWIR spectra
measured by GOSAT sensor
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1. Introduction

In order to identify the sources and sinks of greenhouse gases and reduce the emissions, Greenhouse
Gases Observing Satellite (GOSAT) was launched on 23 January 2009, which is dedicated to greenhouse
gases monitoring globally. The sensor on GOSAT detects shortwave infrared radiation (SWIR) and thermal
infrared radiation (TIR) at the same time with a high resolution. Column-averaged dry-air mole fraction of
CO; (XCOy) is retrieved from SWIR as a standard product. Although XCO, data has been used to estimate
CO; sources and sinks recently, actual variations of CO, in the atmosphere are mainly driven by local
surface fluxes. So, it is significant to observe lower tropospheric (LT) CO, concentrations. TIR observations
provide more accurate retrieval results of CO, concentrations in middle- and upper-troposphere, whereas
SWIR observations are sensitive to gas abundances in almost all the heights. The combination of TIR and
SWIR observations shows a possibility in estimating LT CO, fluxes. Christi (2004) did a preliminary study
in retrieving CO, concentration profile in the synergy of TIR and SWIR, but lacked accuracy in LT CO,
concentration. Various properties in the planetary boundary layer (PBL) turn to be mixed uniformly, the
determination method of which was studied by a limited number of previous studies (e.g., Han et al., 2013).
Based on the characteristic of PBL, this study provides a new method aiming at estimating CO;

concentration in PBL by a synergetic usage of GOSAT TIR and SWIR.

2. Methodology

In our method, I try to estimate the LT CO, concentration by subtracting the upper-air CO,
concentration above the PBL from XCO, data retrieved from GOSAT SWIR, which represents the averaged
column concentration. I first retrieved the temperature profile over Kanto area from 2010 to 2016 with
GOSAT observation and then determine the PBL height (PBLH) from retrieved temperature profile choosing
the altitudes of maximum vertical gradient of potential temperature. The upper-air CO, concentration has
two possible sources: output from numerical simulation and GOSAT TIR L2 product. Because of the low
setting of growth rate of CO, in the simulation, two approaches are applied to modify the output CO, profile
for the former source: (1) modify the CO, profile above PBLH according to the time difference since launch
of GOSAT; (2) modify the CO; profile above PBLH by making the column concentration of CO, profile
equal to the value of SWIR XCO,. After estimating the LT CO, concentration, ground-based observation

data of CO; from meteorological tower and in situ measurement are used to verify the accuracy.

3. Results and discussion



The accuracy of retrieved temperature profiles is verified with radiosonde measurements obtained in
Tsukuba. The mean difference between retrieved temperature profiles and radiosonde observation is less
than 2K and the standard deviation (STD) of the difference is £2K. The maximum value exists in the lower
troposphere, which partially attributes to the 4 hours difference between GOSAT and radiosonde observation.
The variation of retrieved surface skin temperature shows an obvious variation during a year i.e. high in
summer and low in winter and also an apparent difference could be observed between the urban and rural
area. After processing temperature profile, the PBLH is estimated from the retrieved temperature profile. The
result shows a reasonable correlation with PBLH estimated from radiosonde measurements.

By synergetic usage of SWIR XCO, and upper-air CO, profile, LT CO, concentration in PBL is
estimated. The CO, profile outputted from the numerical simulation is used firstly. Compared to SWIR
XCO,, the estimated LT CO, concentration from those two methods both show better agreement with the
ground-based observation, even when PBLH is assumed to be a fixed value, 850hPa (shown in Figure 1).
The mean value of difference between estimated LT CO, and ground-based observation is lower than 2
ppmv for both methods, and the LT CO, concentration from the second method has a lower STD compared
to that from the first method. Then the two approaches are applied to the realistic condition that PBLH is
determined from retrieved temperature profiles. The estimated LT CO, concentration from the second
method still shows a lower mean value of difference. Also, when applied to the realistic condition, the STD
of the estimated LT CO, of the second method are smaller, changing from 3.964 to 2.902 (ppmv), which
illustrates a good practicability and a superiority of the second method presented here. As the final approach,
the CO, profile from GOSAT TIR L2 standard product is used instead of simulated values for estimating LT
CO; concentration. The comparison result with ground-based observations is quite scattered compared with
the approaches using simulated upper-air concentration of COs.

As a consequent of this study, it can be said that LT CO, concentration estimated by use of PBLH
retrieved from temperature profile and modification of CO, concentration profile above PBL agree well with
ground-based observation, which contributes to providing more accurate information on surface fluxes for
the determination of carbon sources and sinks.
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