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CO, over a Coastal Urban Location and its Forcing
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ABSTRACT

Recognizing the role of Carbon dioxide (CO;) in altering climate research and air pollution, direct measurements
carried out over a coastal urban station using Li-COR CO,/H;0O analyser. The objective of the present study is to
examine CO; variability during December-March. Day-to-day variability of CO; ranges from 380-550 ppm with a
mean (423.1) and standard deviation (29.2). Monthly mean diurnal variability of CO; is maximum during midnight
to early morning hours and minimum during afternoon. Overall diurnal variation is similar during the entire
months. The link between CO; concentrations with Wind Speed (WS), Atmospheric Temperature (T) is examined.
Wind speed varies inversely with CO;. Atmospheric temperature shows an exponentially decaying relation with CO;.

The diurnal CO,; variability is associated with the competing source/sink mechanisms. The CO, forcing is estimated

and varies from 0.75 to 3.5 Wm-2 with temperature change from 1.75 to 2.0°C.
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INTRODUCTION

Atmospheric Carbon dioxide (CO;) plays a critical role in
radiative perturbation of earth atmosphere system by acting as a
major greenhouse gas, control atmospheric temperature and
plays a vital role in surface air pollution. The global mean
Radiative Forcing (RF) of CO; is +1.66 (+ 0. 17) Wm-2 (IPCC,
2007). The present level of background CO; based on Mauna
Loa data crossed 400 ppm and is increasing at an average rate of
2.13 ppmv per year [1]. Source/sink mechanisms of CO; are
mainly fossil fuel combustion from urban and industrial areas
followed by land use changes, the ocean and animal respiration
and removal from atmosphere by photosynthesis and carbon
deposition. The surface CO, distribution is determined by
meteorological conditions of winds pattern, precipitation and
atmospheric temperature. The urban regions are very important
in the perspective of CO; production and the coastal regions play
a vital role in the distribution of CO; due to the presence of
mesoscale circulation prevailing over the region. Studies have
already detailed on the effect of atmospheric CO; [2,3] in

altering the rainfall pattern through warmer atmospheric
temperature and higher atmospheric water vapour content.
Local temperature and moisture conditions are also affecting the
diurnal cycle and seasonal variations in atmospheric CO; [4].

Measurements of CO; carried out using variety of instruments
such as in situ remote sensing techniques of Non-dispersive
infrared absorption for detecting CO, [5]. Cavity Ring-Down
Spectroscopy (CRDS) for the detection of CO; and CHy, [6],
Eddy Covariance Techniques (LICOR CO,/H;O analyser),
Satellite observations, Atmospheric Infrared Sounder (AIRS) and
Modeling approaches. A multisite initiative has been evolved
from Indian Space Research Organization (ISRO) International
Geosphere Biosphere Programme (IGBP) for quantifying
national carbon balance. A study has reported on the influence
of environmental factors and biospheric processes on the
temporal variations of atmospheric CO; in Dehradun [4]. In
order to examine the COj; variability, the present study, we make
use of the data from Eddy covariance system with micro-
meteorological sensors installed at Thumba, Thiruvananthapuram,
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and a coastal sensors installed at Thumba, Thiruvananthapuram,
and a coastal urban location. The objective of this paper is to
examine and quantify the variability of CO, over the coastal
in the Southwest Peninsular India
during December-March  and

urban station situated
link with meteorological
parameters, quantify the CO, radiative forcing.

MATERIALS AND METHODS

Experimental setup data collection and processing

The experimental site is a coastal urban station Thumba (8.5 °N,
76.9 °E) located in the southwest coast of Indian subcontinent
7500 m inland of the sea coast with the coastline roughly aligned
to 145° to 325° (Figure 1). The terrain is nearly homogeneous
and flat with scattered small bushes and trees. The instrument is
facing in the north-west direction.
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Figure 1: Location of the measurement site marked as (*) in
the left panel of the India map. The right panel shows a city-
scale map showing location of measurement site (Thumba,
blue star).The lower panel shows the eddy covariance system
with micro-meteorological sensors used for the present study.

Eddy (EC)

measurements was installed on a 4 m tripod above the ground.

Covariance system with micro-meteorological
The system comprises of a three-dimensional sonic anemometer

and open path CO,/H;O analyzer which together provides the
three-dimensional component of wind and concentration of
H,O and CO;. The EC system has both fast and slow response
meteorological data. Fast response (20 Hz) data from sonic
anemometer and CO,/H;0O analyzer were logged in the
L1-7550 analyzer
meteorological data are obtainable at a time resolution of 1 min
through Sutron data logger. All the data files are transferred
through RS-232 which permits daily data collection and real-
time monitoring of the instrument. These data were further

interface unit. Slow response micro-

processed with Eddypro 5.1 software following normal measures,
including de-spiking of raw data, correction of the angle of
attack. Fast response flux measurements were processed and
stored in the time resolution of 30 min used for present analysis.
Quality assurance carried out for instrument failure, low signal
strength (for L1-7500 output during the time of rain) which
adversely affects the reading, and the data sets falls beyond
physically reasonable thresholds.
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RESULTS AND DISCUSSIONS
Day-to-day and monthly variability of CO,

Figure 2 shows the time series plot of CO; mixing ratio during
December-March. The data used here is half an hour interval
values of CO; processed through Eddypro software. The raw
data of three-dimensional component of winds from sonic
anemometer (u, v, w) and mixing ratio from Lambda
Instruments Corporation (LI COR) CO,/H;O analyser of 20 Hz
frequency. The magnitude of CO; varies from 388 ppm to 549
ppm with a mean value of (423 ppm) and 1o variability drops of
(29 ppm).The difference between the high and low value of CO,
is 161 ppm. The variability is due to the contrasting air mass and
coastal boundary layer evolution Figure 2.
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Figure 2: Time series plot of CO, mixing ratio (sampling rate:
30 minutes) from 1st December 2014-31st March 2015.

Monthly mean diurnal variability of CO; is shown in Figure 3.
A consistent increase is seen from evening (~18.00 pm) to early
morning (~07.00 pm) hours with maximum during midnight.

Monthly mean values of CO; peak at 435 + 25, 418 + 22, 418 +
21,420 + 20 ppm during December to April and the diurnal
amplitude range is ~60 ppm. Durnal cycles of atmospheric
CO; are affected by source/sink mechanisms with more CO,
intake during plant photosynthesis and release during the time
of soil/plant respiration, regional transport and ABL dynamics
[7]. Mixing ratio shows a sharp decrease after sunrise due to the
evolution of Atmospheric Boundary Layer (ABL) and drops to a
minimum most value in the afternoon when net ecosystem
uptake and maximum boundary layer height. During night,
mixing ratios increases due to the absence of photosynthetic
activity, and stable atmospheric boundary layer. These diurnal
cycles are also observed in other stations like Dehradun
especially during pre-monsoon and monsoon seasons due to
more moisture content in the soil, whereas such increase is not
significant in Gadanki [4]. This coupling was already mentioned
in the modeling studies [8-11] and the vertical concentration

gradient to be correlated with the ABL dynamics.CO, link with
the controlling meteorological parameters like Wind speed and
Atmospheric temperature examined detailed in Figures 4, 5.
High CO; mixing ratio in lower wind regimes and lower for
high wind speeds reveal the emission from various sources. CO,
conveys exponential decay with temperature.
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Figure 3: Monthly mean diurnal variation of CO; mixing

ratio during December 2014- March 2015. Note: (—e—) Dec,
(—e—) Jan, (—=—) Feb, (- =) Mar.
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Figure 6: Day to day variability of atmospheric CO, forcing
during December-March. Note: ( ) Dec, ( ) Jan, ( )
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Figure 4: Wind speed dependence of CO, from December
2014-March 2015.
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Figure 5: Scatter plot of Atmospheric temperature versus
CO; mixing ratio.
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CO, FORCING

CO2 forcing and associated temperature change is estimated

using the formulae from Myhre, et al (1998) F=5.35 In(C/Co)(1)
dT=A*dF (2)

Where 'dF' is the radiative forcing in Watts per square meter, 'C'
is the concentration of atmospheric CO;, and 'Co' is the
reference CO; concentration. Normally the value of Co is
chosen at the pre-industrial concentration of 280 ppmv. Figure
(6) shows the CO, radiative forcing during December-March
months estimated using equation (1). It can be seen that CO,
forcing ranges from 1.75-3.5 Wm-2 over Trivandrum with clear
diurnal cycle and the temperature change due to CO, is

0.75-2.00C [12-14].

CONCLUSION

The objective of the study is to examine variability of
atmospheric CO; over a coastal urban station Thumba

During December-March period and it’s forcing. The study
summarizes following points:

¢ Monthly mean diurnal variation of CO, shows peak in
midnight to early morning hours and minimum during
afternoon.

* CO; link with meteorological parameters is examined and
found an inverse relation with wind and atmospheric
temperature.

e CO; forcing estimated and varies from 1.75 Wm-2 to 3.5
Wm-2 with a temperature change of 0.75°C to 2°C.

DATA AVAILABILITY STATEMENT

The datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
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