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Climate Trend Detection and Its Sensitivity to
Measurement Precision

. -1,2
Zou Xiaolei”

(1 Department of Earth, Ocean and Atmospheric Sciences, Florida State University, USA

2 Center of Data Assimilation for Research and Application, Nanjing University of Information and Science &
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Global warming is a well-known fact. However,
large uncertainties exist in the quantitative estimate of
global climate trend of the atmosphere. Here, we briefly
describe a simple statistical method -- the linear regression
method -- for climate trend detection using observations
and point out a few factors controlling the precision of
such an estimate.

Given a time series of data: {x"~ = x""(¢),i=1,2,L, N },
where x represents a measured variable (such as annual
global mean near-surface atmospheric temperature), t;
represents the i measurement in time, and N is the total
number of measurements in the time series. Assume the

mean value of the variable x for the N measurements has

been removed from the data, 1. €., xiobs =0.
Firstly, we can express the observed time series

true frue

as follows: X = x" + &, where x"“represent the
truth and & is the observation error whose variance is

denoted as ngs. Secondly, the variable x is modeled

by a linear function of time:x™"* = a(t — I_), where
a is the regression coefficient (e.g., the climate trend
to be determined) and ¢ represents the average year.
Thirdly, the true value of the variable x is expressed

mod e/

as x™ =x +e, where e is the nonlinear term

representing the natural variability whose variance is

denoted as O'jv. We may write the above expressions into
the following matrix form

xX"=Aa+e (1D
true —
e
1 1 l‘1 -t
xl‘l‘ue e ¢ 7
5 _
thle = 2 L — s A4 = 2
M M M
true t -1
N Y N

The linear regression coefficient a is obtained by a
least-square fit, which minimizes the differences between

observations and linear regression model:
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o*(a) = (x" — Aa) (x™ - Aa) 2)
Assuming that there is no temporal error correlation for
both observations and regression model, and observation
and model errors are independent, one may obtain
the minimum solution of @ = muino-z(a) by setting the
first derivative to zero: do’(a)/da=0, which gives the
following expression for trend detection:
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Equation(3) is used for estimating the trend from data.

3

It is pointed out that in the derivation of (3) we used the
following equality for equating the denominators in (3)
(notice 7 =(N+1)/2):
S -7 =3 +72—2t,7):zv:ti2+N(N;1) —2N(1\;”) N2+1
_N(V+DEN+D) _( N(N+1) ’ _N'-N
6 2 12
By substituting (3) for (2) one may obtain the

precision for the trend detection using (3) is equal to
12(0';5 +J:v)

N'-N
where Gibs is the observation error variance and ij
represents natural variability. Based on (4) it is seen that

2
trend

(4

=o'(a)=

the precision of the trend deduced from data depends on
observation error (0.,,), the length of data (N) and the
natural variability (02,) of the variable whose trend is
under investigation. The larger the observation error and
natural variability, the longer the required data record for

Trend (K/decadal)
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Fig. 1 Climate trend calculated from different lengths of
time series with three different observation error variances:
0.1K (blue line), 0.3K (green line) and 1K (red line)
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an accurate estimate of climate trend.

An example is provided in Figs. 1-2 to show the
sensitivity of climate trend calculated from data to
measurement precision. Firstly, three monthly mean
temperature time series are generated over a 300 hundred
years period by adding three different random noises
(with O0,;,=0.1, 0.3 and 1K) to the same climate trend
of 0.2 K/decade (i.e., the truth). The natural variability is
assumed O ,;,=0.1 K. The trends calculated by (2) from these
three time series with varying lengths of data are presented
in Fig. 1. It is seen that the true trend of 0.2 K/decade could
be deduced from a shorter time series when observation
error is smaller (O ,;,=0.1-0.3K). When observation error is
increased to 1K, a much longer time series of data is required
to deduce the decadal trend. The precision for the trend
estimate (i.e., O g in (4)) is shown in Fig. 2. It is indicated
that the measurement precision has a significant impact on
climate trend detection. As a consequence, the required data
length increases from 82 years when O,;,=0.1 K to 140
years when O ,,~=0.3 K, and 300 years when O,;~1 K, for
detecting a climate trend on the order of 0.2 K/decade with
the same precision of about O ,,,=1.5 X 10°K.

It is thus concluded that providing measurement
precision along with data is extremely important for
climate trend detection. In terms of obtaining and applying
data for climate study, it is also important to obtain from
data providers the measurement bias and precision so
that the data length required for reliable climate trend
detection can be estimated.

Precision of Trend Detection (K)

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Time (year)
Fig. 2 Variations of O, with respect to data length for
the trends shown in Fig. 1
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