134

Journal of Geomatics Vol. 13, No. 1, April 2019

Interannual variation of atmospheric carbon dioxide concentration derived from Orbiting
Carbon Observatory-2 (OCO-2) data compared with its local and large-scale variations
obtained from NASA Giovanni database

Barun Raychaudhuri* and Tithi Sen Chaudhuri
Department of Physics, Presidency University, Kolkata, India
*Email: barun.physics@presiuniv.ac.in

(Received: Dec 20, 2018; in final form: Jun 01, 2019)

Abstract: The temporal change of global atmospheric carbon dioxide (CO2) exhibits a positive trend superimposed by
an annual cycle, which is ascribed to the combined effect of ecosystem productivity and anthropogenic activities. This
work intends to present an analytical treatment of the phenomena in terms of periodicity, local data and their averaging.
The time variation of CO; concentration derived from NASA-JPL Orbiting Carbon Observatory-2 (OCO-2) database was
analyzed with Panoply open source software for two consecutive years 2016 and 2017. The temporal change of the
monthly average zonal mean CO- flux was obtained from NASA Giovanni earth science database for contrast areas, such
as dense forest, desert and crowded city for the period of 2010-16. The results yielded wide differences in the nature of
change of both the increasing trend and the seasonal alteration. The Fourier transform indicated the existence of two
periodicities superimposed including one sub-annual variation. Possible explanations were given for such general trends
in the global change of CO,. The work was more concentrated on the Indian subcontinent. Prominent difference was
found in the positive trend of temporal change at the east coast and the west coast regions over last ten years. The local
disparity of CO, flux over and around small regions of Northern India exhibited irregular periodic increase and decrease,

which when averaged, led to more regular periodicity.
Keywords: Carbon dioxide, OCO-2, NASA Giovanni
1. Introduction

Since the beginning of the industrial age, the concentration
of atmospheric carbon dioxide (CO,) has been increasing
at alarming rate. Especially during the last two decades,
anthropogenic activities like fossil fuel burning and
deforestation have enhanced the CO, concentration more
rapidly (Etheridge et al., 1996; Leung et al., 2014). Global
satellite-borne monitoring systems, such as Scanning
Imaging Absorption Spectrometer for Atmospheric
Cartography (SCIAMACHY) (Bovensmann et al., 1999),
Greenhouse gases Observing Satellite (GOSAT)
(Hamazaki et al., 2004) and Orbiting Carbon
Observatory-2 (OCO-2) (Crisp et al., 2017) and site-
specific ground-based systems, such as Total Carbon
Column Observing Network (TCCON) (Wunch et al.,
2011) have been developed for spatial and temporal
sampling of atmospheric CO; concentration as part of the
worldwide mitigation mission for CO, emission.
Comparative findings of the above sensing systems are
reported recently (Wunch et al., 2017; Liang et al., 2017).

The general finding in the temporal change of global
atmospheric CO; is a positive trend superimposed by an
annual cycle, which is ascribed to the combined effect of
ecosystem productivity and anthropogenic activities.
(Keeling et al.,1976; Basu et al., 2014; Jiang et al., 2016).
However, there are wide fluctuations and uncertainties in
the rate of CO; increase due to various climatic effects,
such as natural sink variability (Fu et al., 2017), non-
uniform warming (Li et al., 2018), anthropogenic
contributions (Xueref-Remy et al., 2018) and wind
direction (Roman-Cascon et al., 2019). Accurate
monitoring of the above features is necessary for the
prediction of future atmospheric CO; condition. This work
intends to present an analytical treatment of the temporal
change in CO; in terms of periodicity, local data and their

averaging. In particular, the local variations of CO; flux
over and around small regions of Northern India are
studied.

2. Materials and methods

This work utilizes sample data on the spatial and temporal
changes of atmospheric CO. concentration downloaded
from the following two resources. The daily information
on CO; concentration (ppm) for the years 2016 and 2017
over an area of 22.5°-23.0° N and 86.0°-89.0° E were
obtained by using the data produced by the OCO-2 project
at the Jet Propulsion Laboratory, California Institute of
Technology and obtained from the OCO-2 data archive
maintained at the NASA Goddard Earth Science Data and
Information Services Center. The monthly averages of
CO; concentration (ppm) for the period of 2010-16 were
procured from NASA Giovanni v4.28 online
environments for geophysical parameters.

The Giovanni data were procured for contrast geographic
features, such as dense forest, barren desert and crowded
urban regions, as mentioned in table 1. More attention was
laid on selective places of India, especially those of West
Bengal containing Kolkata and around, where ground
spectroscopy and airborne imaging were carried out. The
OCO-2 data were downloaded with python program and
were analyzed with Panoply (v4.9.2) open-source Java
application. OCO-2 estimates the column-averaged
concentration of atmospheric CO, from absorption
spectroscopy of reflected solar radiation detected around
0.765 pum (molecular oxygen A band) and two carbon
dioxide bands centered around 1.61um and 2.06 um. The
CO; concentration values derived from the 1.61 pm band
are used here for analysis. Sorting from the OCO-2 daily
database, the concentration values over an area of 22.5°—
23.0° N and 86.0°-89.0° E for the Julian days of years 2016
and 2017 were noted for tracking the annual variation. The
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spatial variation of CO; concentration was derived from
AVIRIS-NG image in March 2016 procured for Howrah
and Kolkata, regions within and adjacent to the above. The
methodology of estimating CO, from AVIRIS-NG image
is given below in brief.

Table 1: Regions of CO2 assessment from NASA-
Giovanni database
Location

27.3°N - 28.83°N
72.7°E-74.3 °E
26.2°N —27.69 °N
70.4°E-725°E
26.01°N —27.5°N
76.9°E — 78.8 °E
26.26°N —27.4 °N
80.9°E - 82.7 °E
23.5°N - 24.52 °N
92.17°E - 93.27 °E
25.4°N - 26.4 °N
92.6°E - 945 °E
27.38°N —28.52 °N
93.4°E - 95.38 °E

Geographic Feature
Barren Desert

Barren Desert

Crowded Urban area

Crowded Urban area

Dense Forest

Dense Forest

Dense Forest

The reflectance values of different features varied widely
but the wavelength dependence for a certain feature did not
change much over the CO; absorption bands. So the image
pixels of differing reflectance for each narrow band were
separated by unsupervised classification and the relative
differences of the surface reflectance for the pixels of
different classes were reduced by multiplying individual
pixel values with suitable constants. The pixel values were
normalized for path radiance by subtracting the radiance
value of pure waterbody pixels having negligible
reflectance at these wavelengths. The above algorithm was
repeated for each non-absorbing and absorbing AVIRIS-
NG band corresponding to CO; and O determined from
the radiance spectra and the CO, concentration was
assessed by the usual differential optical absorption
spectroscopic (DOAS) technique. Assuming oxygen as
one-fifth of the air with a standard molecular density, the
CO; columnar density was estimated.

3. Results and discussion

Figure 1 displays the variation of atmospheric CO;
concentration for the period of January, 2016 to December,
2017 retrieved by OCO-2 using the 1.61 pum band for
random points, as available, within the region of 22.5°—
23.0° N and 86.0°-89.0° E. The data points fitted with
Gaussian formula indicate a clear annual cyclic variation
in the concentration with the maximum in local summer
season. These are the average concentration values over
the whole atmospheric column. The results may be
compared with the spatial variation of CO, concentration
shown in figure 2 derived from AVIRIS-NG image (March
2016). The ground level concentration, however, varied
over a much wider range, e.g. 386-504 ppm
(Raychaudhuri and Chaurasia 2017).
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Figure 1: Variation of atmospheric CO:2 concentration
within the region of 22.5°-23.0° N and 86.0°-89.0° E for
the Julian days of years 2016 and 2017, as retrieved
from 1.61 um band of OCO-2.
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Flgure 2 A sample of Spatial variation of CO2 (ppm)
(right panel) for different surface features in RGB
image (left panel) derived from AVIRIS-NG image.

The above feature of annual cyclic variation of CO;
concentration is more illustrated with the long-time
variation obtained from Giovanni data. Figure 3 shows the
variation of CO, concentration during 2010-2016 for
individual area of desert (26.27°-27.63°N, 70.34°-
72.34°E), urban area (26.01°-27.49°N, 76.95°-78.88°E)
and forest (27.38°-28.53°N, 93.45°-95.38°E). Figure 4
presents the variation of CO; concentration during 2010-
2016 for the east coast (8.68°-8.94°N, 77.76°-78.05°E)
and the west coast (8.98°-9.82°N, 76.53°-77.32°E)
regions of India.

Discussion on the above results makes it apparent that the
CO; concentration has a general trend of steady increase
with time superimposed by an annual cycle irrespective of
geographic features. The annual periodicity becomes more
prominent (Figure 3d), when the data are averaged over
seven diversified regions of table 1. This explains why the
global CO, change depicts a well-defined periodicity
(Keeling et al., 1976). All the regions related to figure 1
and figure 3 are of tropical climate and exhibit maximum
CO flux in summer season. Also there is difference in the
temporal steady increase. Figure 4 deals with the CO;
concentration over the two coastal regions of the same
Indian peninsula. Both the regions undergo steady CO;
increase superimposed by its annual seasonal fluctuation.
However, because of difference in geographic and climatic
conditions, the data fitted with straight line result in
prominent difference in the slopes indicating different
rates of CO- increase for these two regions.
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Figure 3: Annual variation of atmospheric CO2 concentration during 2010-2016 for individual area of (a) desert,
(b) urban area, (c) forest and (d) average of seven such regions given in table 1.
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Figure 4: CO2 concentration during 2010-2016 for the
east and west coast regions of India

For the sake of subtler investigation, the linear increment
part of the average CO- in figure 3d was eliminated and
Fourier transform was carried out for the seasonal
alteration, as shown in figure 5. It is noted that in addition
to the prominent yearly periodicity caused by the regular
annual climatic change, there exists a secondary semi-
annual peak and also other weaker peaks. Thus the
resultant temporal change in CO; flux is the combined
effect of several factors, such as local climatic change, CO»
uptake by vegetation and man- made changes.
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Figure 5: Fourier transform of the CO: seasonal
periodic component obtained from figure 3d

4. Conclusions

The variation of atmospheric CO2 concentration (ppm)
during 2016-17 at around Kolkata was tracked using OCO-
2 data archive and the extent of concentration was
compared with that obtained from AVIRIS-NG image. An
annual cyclic change in the CO. concentration was noted.
In order to find the trend of such change during the last one
decade, the monthly average values from Giovanni data
archive were extracted for several places of contrast
geographic features in India. A steady increase in CO;
concentration was noted for all the places but the
periodicity was not well defined. Local variation in the rate
of increase was also noted. However, it is found that on
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averaging the local values over several such places, the
annual periodicity became more prominent as obtained in
the global trend. Several periodicities were found to be
present in the annual change of CO, flux from Fourier
transform of the temporal change.
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