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Due to global warming, the general circulation, underlying surfaces characteristics, and geophysical and mete-

orological elements all show evident secular trends. This paper points out that when calculating the correlation of

two variables containing their own obvious secular trends, the interannual correlation characteristics between the two

variables may be distorted (overestimated or underestimated). Numerical experiments in this paper show that if two

variables have opposite secular trends, the correlation coefficient between the two variables is reduced (the positive cor-

relation is underestimated, or the negative correlation is overestimated); and if the two variables have the same sign of

secular trends, the correlation coefficient between the two variables is increased (the positive correlation is overestimated,

or the negative correlation is underestimated). Numerical experiments also suggest that the effect of secular trends on

the interannual correlation of the two variables is interchangeable, that is to say, as long as the values of the two trends

are not changed, the two variables interchange their positions, and the effect of the secular trends on the interannual

correlation coefficient of the two variables remains the same. If the two variables have the same-(opposite-) sign trends,

the effect of secular trends on the interannual correlation coefficient is more (less) distinctive. A meteorological example

is given.
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1. Introduction

Correlation analysis is frequently used in physics

research[1−2] and prediction, and the correlation co-

efficient is always used to describe the closeness of

variable correlation.[3−7] As the correlation coefficient

must be calculated from finite data, it is also a stochas-

tic variable.[8] If the correlation coefficient between

two variables is large for a reduced sample, are they

still correlated with each other in the infinite popu-

lation? This falls into the category of the statistical

test problem of correlation coefficients. For a long

period of time, the Student’s t test has been predom-

inantly used as the statistical test for the correlation

coefficients. However, the t test not only requires that

variables should obey the joint normal distribution,

but also that n observations should be mutually inde-

pendent. Furthermore, the t test is not suitable for

a large quantity of repeated experiments. As is well

known, the time series of geophysical variables has a

multiple-time scale character,[9] i.e. it may have the

secular trend, interdecadal and interannual variations.

The major purpose of correlation analysis is to under-

stand the relation between the interannual changes of

different variables. If a variable used to calculate the

correlation coefficient contains an evident trend, i.e.

it possesses a large persistency, obviously it does not

satisfy the requirement that observational samples are

mutually independent, and therefore the Student’s t

test is theoretically not applicable. If the t test is still

used in this case, then the threshold of the t statis-

tics obtained is so obviously underestimated that the

two independent variables might pass the statistical

test and be erroneously considered as being correlated

with each other. Besides, filtering is frequently used

to remove the interannual variation from time series
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of variables, yielding the interdecadally slow-varying

oscillations.[10] It has been found from computational

experiments that the correlation coefficient between

the filtered slow-varying series of two variables is much

higher than that between the original time series of the

two variables.

So far as we know, paying attention to whether

or not variables in correlation analysis contain trends

is of practical significance. As is well known, global

warming has become evident after the 1980s, and has

manifested at first in the evident positive trends of the

annual/seasonal mean temperatures over large-scale

areas on the globe, such as northwest China, north

China and northeast China, as well as in the evident

trends of the characteristic quantities of the general

circulation such as the intensity index of teleconnec-

tion patterns, oscillation indices, geopotential heights,

the intensity of active centres, global rainfall,[11] inten-

sity of monsoon index[12] etc. Therefore, it is possible

that two variables in interannual correlation analysis

both possess evident trends, thus greatly affecting the

correlation analysis. The third section of the present

paper performs numerical experiments to examine the

effect of the trends of variables on the interannual cor-

relation coefficient.

2. Methods-quantitative index

for secular trends

In order to obtain the secular trend of a geophys-

ical element y, we adopt the expression of linear re-

gression in the form

y = a1 + b1t, t = 1, 2, . . . n (year), (1)

where a1 denotes a constant and b1 a regression co-

efficient. Obviously, Eq.(1) means that the element

y has a trend of linear increase (decrease) when b1

is positive (negative) in sample’s size (n years). The

coefficient b1is referred to as the climatic tendency in

Ref.[13] and expressed in the element’s unit per year

or 10 times the unit per decade. Since b1 has its own

unit, its magnitude cannot be compared with different

factors or variables, and so even for the same element

in different regions. We utilize the so-called unitless

climatic trend coefficient rxt,
[14] which is related to

the regression coefficient b1 through

b1 = rxt(σx/σt), (2)

where rxt is defined as the correlation coefficient be-

tween an element’s series and the sequence of natural

numbers of 1, 2, 3, . . . n, and can be tested by means

of the Student’s t test method or the Monte Carlo

technique; σx and σt denote the standard deviations

of the element y and natural number sequences, re-

spectively. Since rxt is a unitless quantity, its mag-

nitudes can be compared and utilized to estimate the

intensity of secular trends for different geophysical el-

ements, and therefore it is applicable, in particular,

to the investigation on the spatial features of a large-

scale geophysical field.

3. Numerical experiments: influ-

ence of trends on the interan-

nual correlation analysis

In the following, Monte Carlo numerical experi-

ments are employed to calculate the influence of vari-

able trends on the interannual correlation analysis of

two variables. Our experimental scheme is as follows.

First, assume that xt and yt are two stochastic series:

i.e. their trend coefficients are 0.0, and in experiments

the sample’s sizes are 53 and 30 for (a) and (b), respec-

tively. The sample correlation coefficient between xt

and yt is certainly very close to 0.0 (theoretical value).

Then, the two trend series of sample sizes n are gen-

erated, and then superposed onto stochastic series xt

and yt, yielding series x̃t and ỹt, respectively. Results

show that because affected by their trends, the sam-

ple correlation coefficients of x̃t and ỹt are no longer

close to 0.0. A large number of numerical experiments,

more than 1000 times, wherein one or two trend co-

efficients of the two time series take a value between

–1.0 and 1.0, have been performed, and the numeri-

cally calculated function relation between sample cor-

relation coefficients and trend coefficients is plotted in

Fig.1.
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Fig.1. Influence of trends on the sample correlation coefficient of two variables. Both the trend and

correlation coefficients of original variables xt and yt are zero, with n =53 in Fig.1(a) and n=30 in Fig.1(b).

The contour value denotes the sample correlation coefficient between variables x̃t and ỹt, with the negative

contour dashed. The ordinate and abscissa represent the trend coefficients of x̃t and ỹt, respectively.

Shown in Fig.1 are the following.

(i) The top (bottom) left and bottom (top) right

corners in Figs.1(a) and 1(b) are the negative (posi-

tive) value areas, indicating that superimposing two

opposite sign trends onto two variables reduces the

correlation coefficient between the two variables, i.e.

the positive correlation is under-estimated, while the

negative correlation is over-estimated. When two

same-sign trends, whether positive or negative, are

superimposed onto two variables, the correlation co-

efficient of the two variables increases (the positive

correlation is over-estimated, while the negative cor-

relation is under-estimated).

(ii) The contours in the top (bottom) left corners

and bottom (top) right corners in Figs.1(a) and 1(b)

are symmetric with respect to the diagonal line, and

the symmetry does not depend on the size of sam-

ples, indicating that when two same- or opposite-sign

trends are superimposed onto two variables, as long

as the values of the two trend coefficients are not

changed, if the two variables interchange their trends,

then the influence of the trends on the correlation co-

efficient between the two variables remains the same.

However, the contours in the top and bottom parts in

Figs.1(a) and 1(b) are not symmetric with respect to

the median line, i.e. the absolute value of the influence

of two same-sign trends on the correlation coefficient

between the two variables is greater than that of two

opposite-sign trends, indicating that the correlation

coefficients between the two variables containing two

same-sign trends is distorted more seriously than that

between the two variables containing two opposite-

sign trends.

(iii) It can be seen by comparing Fig.1(a) with

Fig.1(b) that the influence of two opposite -sign trends

(the negative correlation becomes strong or the posi-

tive correlation becomes weak) on the correlation coef-

ficient between the two variables, when the sample size

is smaller (n=30; Fig.1(b)), is larger than that when

the sample size is larger (n=53; Fig.1(a)); whereas, the

influence of two same-sign trends (the negative corre-

lation becomes weak or the positive correlation be-

comes strong), when the sample size is smaller (n=30;

Fig.1(b)), is smaller than that when the sample size is

larger (n=53; Fig.1(a)).

4. A meteorological example: in-

fluence of trends on interan-

nual correlation analysis

As is well known, the Siberian high is an impor-

tant weather system in winter, which affects domi-

nantly winter weather in China. However, in the past

50 years, the Siberian high in winter was abnormally

weak, and its intensity showed an evident negative

trend. According to Shi et al,[15] the trend coeffi-

cient of Siberian high in 1951/52–1999/2000 winter

obtained is –0.68 (a distinctive weakening). Such a

strong negative trend of the intensity index will cer-

tainly impact and distort its interannual correlation
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with the other elements or factors. Correlations be-

tween the Siberian high intensity and winter tempera-

ture containing their own trends and with their trends

removed in China are calculated. Figure 2 gives their

differences of the correlation coefficients, which reflect

the influence of their own trends on the interannual

correlation between Siberian high intensity and winter

temperature in China. There exists a small patch of

positive difference values in Southwest China in Fig.2

and most parts of China are in the area of negative dif-

ference values, which agrees not only with the feature

of an overall winter warming in China, and a weaker

cooling in Southwest China, and also with the result

inferred from numerical experiments in the third sec-

tion of this paper.

Fig.2. The influence of trends on interannual cor-

relation analysis between Siberian high intensity and

winter temperature in China. Negative contours are

dashed.

5. Conclusions

This paper has demonstrated that when two vari-

ables contain obvious trends, the correlation charac-

teristics of interannual changes of the two variables

might be distorted, which has been investigated fur-

ther using numerical experiments. The major results

are as follows.

(i) When two variables contain their own obvious

secular trends, the interannual correlation between the

two variables might be distorted. Numerical experi-

ments suggest that when two variables have opposite-

sign trends, the correlation coefficients between the

two variables may be erroneously underestimated (the

positive correlation becomes weak, or the negative cor-

relation becomes strong). When the two variables

have same-sign trends, the correlation coefficient be-

tween the two variables may be erroneously overes-

timated (the positive correlation becomes strong, or

the negative correlation becomes weak). This prop-

erty does not depend on the size of the samples.

(ii) Results of numerical experiments show that

the influence of secular trends on the interannual cor-

relation of two variables is interchangeable. That is

to say, as long as the values of the two trends are not

changed, if the two variables interchange their posi-

tions, then the influence of trends on the correlation

coefficient of the two variables is the same. This prop-

erty also does not depend on the size of the samples.

(iii) Numerical experiments suggest that the influ-

ence of two same-sign trends of same absolute values

on the interannual correlation of the two variables is

slightly greater than that of two opposite-sign trends,

indicating that the correlation coefficient between two

variables containing two same-sign trends is distorted

more seriously than that of two variables containing

two opposite sign trends. This property also does not

depend on the size of the samples.

(iv) Numerical experiments also indicate that the

influence of two opposite-sign trends (the negative cor-

relation becomes strong, or the positive correlation be-

comes weak) on the interannual correlation between

the two variables, when the sample size is smaller,

is slightly greater than that when the sample size is

larger, whereas the influence of two same-sign trends

(the negative correlation becomes weak, or the posi-

tive correlation becomes strong), when the sample size

is smaller, is smaller than that when the sample size

is larger.
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