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Abstract

The present paper reports on the use of a multi-regression model adapted at Reunion University for temperature and
ozone trend estimates. Depending on the location of the observing site, the studied geophysical signal is broken down in
form of a sum of forcings that explain most of its variability. The trend values are then derived from the residual terms
as a linear function. The paper discusses different case-studies by using different parameterisation, and reports on
retrievals of temperature and ozone trend estimates over different sites in the southern hemisphere: South Africa
(Durban and Upington), Reunion Island and Argentina (Buenos-Aires).

The Trend-Run model

Contrary to the Northern Hemisphere, trend estimates
in the Southern Hemisphere (SH) are under-reported.
The present paper is based on results from a research
project carried out at Reunion University (LACy, a
CNRS research unit for atmospheric sciences). The
study was initially developed in the frame of a PhD
project (Portafaix, 2001) from an adaptation of
AMOUNT (Adaptive MOdel UNambiguous Trend
Survey) and AMOUNTS-O; models developed for
ozone and temperature trend  assessments
(Hauchecorne et al., 1991; Keckhut et al., 1995; Guirlet
et al., 2000). The adapted version is named Trend-Run.
The Trend-Run model is hence a regression model
based on the principle of breaking down the variations
of a time series Y(?) at a specific height, z, into the sum
of different forcings that explain the variations of Y():
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Y(z,t)=) ay(z)x X, (t)+r (Eq.1)
i=1
where:
- X describes the temporal evolution of the forcing k:
X represents the matrix of forcing;
- a; is a coefficient computed by the model for the
forcing k;
- ris the residual term, assumed containing trend and
noise.

The Trend-Run model is based on the principal of a
linear multi-regression between Y and X. It consists in
finding the linear function X.a + r which describes
best the variations of Y depending on X, i.e., following

the Eq.1 in its matrix presentation: ¥ = X.a + r . The
least-square method used for the regression calculates
the coefficients ¢ by minimizing the sum of the
residual squares, so that:

r* =Y - X.af (Eq.2)

Once the coefficients a are retrieved, the associated
parameters X are removed from the studied geophysical
signal Y.

In its initial version, as used by Bencherif et al. (2006),
the Trend-Run model considers the main forcings, i.e.,
annual and semi-annual oscillations (AO, SAO), quasi-
biennale oscillation (QBO), El-Nino Southern
Oscillation (ENSO), and the 11-years solar cycle. AO
and SAO are taken as being the mean seasonal cycles.
Moreover, the monthly mean zonal wind speed at
Singapore at 40-hPa level and the South Oscillation
Index are used to parameterize the QBO (Li et al.,
2008) and the ENSO cycles respectively, while the 11-
year solar cycle is defined as a linear function
correlated with the solar flux at 10.7cm.

A statistical parameter that is used to quantify how well
the regression fitting model describes the geophysical
signal is the coefficient of determination R’ It is
defined as the ratio of regression sum of squares to the
total sum of squares. R’ measures the proportion of the
total variation in the studied signal Y explained by the
regression model. When the regression model explains
the total variation in the geophysical signal Y, the value
of R? is close to unit; while, on the contrary, when the
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model does not picture all the contributing forcings, R’
tends to zero.

Regarding the trend, it is derived from the residual
term 7, and it is parameterised as a linear function:

Trend(t) = ay + a;.t (Eq.3)

where ¢ denotes the time range, a, is a constant, @; is
the slope of Trend(t) line that estimates the trend over
the time scale.

Figure 1 shows an example (see figure caption) and
depicts the studied geophysical signal (blue line)
together with the simulated signal by Trend-Run
regression model (red line). Note that the coefficient of
determination R? obtained for that case study is ~0.80.
It suggests that the model reproduces most of the
variability of the studied signal.

02 ! T T T

g

8

Temperature (K)
E B

Figure 1:

Time evolution of monthly temperature values as
observed over Reunion Island at CPT (Cold Point
Tropopause) by weekly radiosonde observations from
January 1993 to December 2008 (blue line), the
superimposed red star line represents CPT values as
simulated by Trend-Run regression model, while the
black straight line illustrates a decreasing temperature
trend at the local tropopause. The corresponding
coefficient of determination R’ is showed, R’ = 0.80.

One should note that Eq.1 and Eq.2 above depict the

theoretical parameterisation of the geophysical signal .

Y. Actually, that parameterisation depends on the
forcings that contribute significantly to the signal,
indeed on the location of the observing site.

In the present study, we report on temperature and
ozone trend estimates as derived from the Trend-Run
regression model over different sites in the SH: South
Africa (Durban and Upington), Reunion Island and
Argentina (Buenos-Aires).
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