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1. SUMMARY

2. PROCEDURE

This paper analysed the evolution of CO2 in terms of trends and
seasonality by employing harmonic and kernel functions. CO2 dry
mixing ratios were continuously obtained at CIBA station by using a
Picarro analyser (G1301). Semi-hourly measurements from 15 October
2010 to 29 February 2016 were considered and divided into diurnal
and nocturnal records.
As regards the harmonic function, the polynomial term provides
information about the trend whereas the harmonic component
supplies the seasonality. An increasing trend reaching 2.32 ppm year-1
for diurnal data and 2.15 ppm year-1 for nocturnal data was reported.
In a second part of the study six kernel functions were applied. The
interval calculation for the Gaussian kernel was shortened to (-3,3)
and (-1,1) intervals to decrease the computational effort. Contour
plots were used to graphically determine the optimal bandwidth. A
positive mean trend below 1.50 ppm year-1 for diurnal measurements
and below 1.60 ppm year-1 for nocturnal measurements was found.

2.1. Harmonic function:

𝒚 = σ𝟑𝒊=𝟎 𝒂𝒊 𝒕𝒊 + σ𝟒𝒋=𝟏 σ𝟏𝒌=𝟎 𝒃𝒋𝒌 𝒕𝒌 𝒄𝒐𝒔 𝒋𝟐𝝅𝒕 + 𝒄𝒋𝒌 𝒕𝒌 𝒔𝒊𝒏 𝒋𝟐𝝅𝒕

(Eq. 1)

where y represents the CO2 mixing ratio in ppm, t is the time expressed in years. The
unknown coefficients were linearly estimated running MATLAB© software. j represents the
number of harmonics employed and k considers the amplitude as a fixed (k=0) and as a
variable term (k=1) over time.
2.2. Kernel function:
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ഥ express the average CO2 mixing ratio in ppm, t is the time expressed in years, h is
where 𝒚
the bandwidth expressed in days, N is the number of observations and K is the kernel
function. The following kernel functions were employed in the current study:
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3. MEASURING SITE LOCATION

m

Gaussian (-1,1)

The CIBA station is included in the
CCGG (flasks) network led by NOAA

4.2. HARMONIC FUNCTION RESULTS

4.1. CONTOUR PLOT RESULTS
DAYTIME

NIGHT-TIME

4.2.1. TREND

4.2.2. SEASONALITY

The lines show R values between measured and calculated mixing ratios.
h1 and h2 were chosen indicating a trend change and a stable R value.

5. CONCLUSIONS

4.3. KERNEL RESULTS

❖Differences between day and night were observed. During the

4.3.2. SEASONALITY

4.3.1. TREND
DAYTIME
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day only one maximum was detected (December: 403.17 ppm),
whereas at night two maximums were found; the first in April
(411.72 ppm) and the second in November (405.74 ppm).

❖Seasonal variations due to ecosystem activity and atmospheric
behaviour were greater in autumn reaching 6.13 ppm for daytime
and 9.97 ppm for night-time measurements.

❖The best fit for the trend was obtained by the biweight kernel

(above 0.38) and the worst by the Gaussian kernel (below 0.31)
because its calculation comprises the whole real line.

❖For seasonal evolution, the triangular (0.47) at night-time and

NIGHT-TIME

NIGHT-TIME

the Gaussian kernel (0.45) during daytime assumed the role as
best predictors. The worst fits were obtained with the rectangular
(around 0.39) which could be attributed to a border effect.

❖When the Gaussian interval calculation was limited to (-1,1), R

values increased substantially and time calculation was cut by half
making the calculation computationally feasible.
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