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Introduction to Earth System

Working with data

Trend analysis
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Natural Catastrophes Worldwide, 1980-2010
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Trend analysis

Purpose:

 To determine if a series of observations of a random variable is 
generally increasing or decreasing with time (or to find a 
mathematic expression of a series in function of time)

 

3
Be careful with data with seasonal pattern
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Recall: Covariance
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cov(X,Y) > 0       X and Y are positively correlated

cov(X,Y) < 0       X and Y are inversely correlated

cov(X,Y) = 0       X and Y are independent

Interpreting Covariance

I. Linear Trend

4
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Correlation coefficient
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Pearson’s Correlation Coefficient is standardized covariance:

ü Measures the relative strength of the linear relationship 
between two variables

ü Unit-less
ü between –1 and 1
ü The closer to –1, the stronger the negative linear relationship
ü The closer to 1, the stronger the positive linear relationship
ü The closer to 0, the weaker any positive linear relationship
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Linear Regression Analysis…

• Regression analysis is used to predict the value of one 
variable (the dependent variable) on the basis of other 
variables (the independent variables).

• Dependent variable: Y
• Independent variables: X1, X2, …, Xk

17.7

Simple linear regression
 

y= b0+b1x+ε
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Linear Regression Analysis

• Parameters:
•  b0 = Y-Intercept
•  b1 = Slope 

§ > 0 [positive slope]
§ < 0 [negative slope]          
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Theoretical Linear Model

Assumptions: The errors ε are 
uncorrelated (i.e. Independent) in 
successive observations. The 
errors ε are Normally distributed 
with mean 0 and variance σ2. That 
is:   ε~ N(0, σ2)

y= b0+b1x+ε

8
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The coefficient of determination,  R2, is a descriptive measure of the 
strength of the regression relationship, a measure how well the regression 
line fits the data.

.
{

Y 

Y 

 Y

 X

{}Total Deviation

Explained Deviation

Unexplained Deviation

How Good is the Regression?
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some equations ...
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The sum of squares for error is:

Standard error of estimate

10
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Significant Testing for the Slope

To test if there is a linear relationship, i.e. we want to see if β1≠ 0 
à our research hypothesis becomes:
•  H1: β1≠ 0
à the null hypothesis becomes:
•  H0: β1 = 0

11

If no linear relationship exists between the two variables à 
expect to have the regression line to be horizontal à a slope of 
zero.
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Testing the Slope…
• We can implement this test statistic to try our hypotheses:
• H0: β1 = 0

• Where sb1 is the standard deviation of b1, defined as:

12

§ If the error variable is normally distributed, the test statistic has a 
Student t-distribution with n–2 degrees of freedom. 

12
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t-table

13
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Mann-Kendall test for a monotonic trend

14

§ a non-parametric test for identifying trends in time 
series data.

§ compare the relative magnitudes of sample data rather 
than the data values themselves

§ One benefit of this test is that the data need not 
conform to any particular distribution

14
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Mann-Kendall test

16

Let x1 , x2 , … xn represent n data points where xj represents the 
data point at time j à the Mann-Kendall statistic (S) is given by

§ positive value of S à indicator of an increasing trend
§ negative value of S à indicator of a decreasing trend 

16
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Quick exercise #1

17

2m- daily temperature for the 6 consecutive days: {30, 31, 
34, 31,  44, 31}

à Estimate the Mann-Kendall statistic? 

17
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For the current data set:

Now, is S =  – 43  enough negatively large to show evidence for a trend? 

Need to statistically quantify the significance of the trend 18

18
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Sen slope

19

𝑆𝑙𝑜𝑝𝑒 = 𝑚𝑒𝑑𝑖𝑎𝑛
!!"!"
#"$

∀ 𝑗 > 𝑘

2m- daily temperature for the 4 consecutive days: {30, 31, 
34, 31}

à Estimate the Mann-Kendall statistic?
à Estimate the Sen slope? 

Quick exercise #2:

19
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Hypothesis testing

 à Calculation of probability associated with the Mann-Kendall 
statistic S

H0: No trend 

HA : Negative/Positive monotonic trend

20

20
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Variance of S: 

Where 
-   n is the number of data points,
- g is the number of tied groups (a tied group is a set of sample data 

having the same value); 
- tp is the number of data points in the pth group

Quick exercise #3:
2m- daily temperature for the 5 consecutive days: 
{30, 31, 34, 44, 31}

à? n, g, t1, …, tg
à? S, var(S) 21
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Compute a normalized test statistic Z :

à Z ∈ N(0,1)

à Decide on a probability level of significance (95% typically)

22

22



6/12/25

12

B2-SA-NDT-Earth System
23

Z-table

This table gives a 
probability that a 
statistic is greater 
than Z.

§ The label for rows contains the 
integer part and the first decimal 
place of Z.

§ The label for columns contains the 
second decimal place of Z.

§ The values within the table are 
the probabilities corresponding to 
the table type.

23
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Quick exercise #4:
2m- daily temperature for the 5 consecutive days: 
{30, 31, 34, 44, 31}

à? Z
àIs the trend statistically significance?

24



6/12/25

13

B2-SA-NDT-Earth System

102E 104E 106E 108E 110E 112E
8N

10N

12N

14N

16N

18N

20N

22N

24N

−0.55

−0.45

−0.35

−0.25

−0.15

−0.05

0.05

0.15

0.25

0.35

0.45

0.55

deg.C/10yr

T2m trend

102E 104E 106E 108E 110E 112E
8N

10N

12N

14N

16N

18N

20N

22N

24N

−0.55

−0.45

−0.35

−0.25

−0.15

−0.05

0.05

0.15

0.25

0.35

0.45

0.55

deg.C/10yr

Tmin trend

102E 104E 106E 108E 110E 112E
8N

10N

12N

14N

16N

18N

20N

22N

24N

−0.55

−0.45

−0.35

−0.25

−0.15

−0.05

0.05

0.15

0.25

0.35

0.45

0.55

deg.C/10yr

Tmax trend

1961-2007 Temperature trend

25

Paracel is.

Spratly is.

EA
ST

 S
EA

Paracel is.

Spratly is.

EA
ST

 S
EA

Paracel is.

Spratly is.

EA
ST

 S
EA

25

B2-SA-NDT-Earth System
102E 104E 106E 108E 110E 112E

8N

10N

12N

14N

16N

18N

20N

22N

24N

−1.1

−0.9

−0.7

−0.5

−0.3

−0.1

0.1

0.3

0.5

0.7

0.9

1.1

%/year

Pre trend

1961-2007 Rainfall trend

26

Paracel is.

Spratly is.

EA
ST

 S
EA

26



6/12/25

14

B2-SA-NDT-Earth System
27

27

B2-SA-NDT-Earth System

Practice Python #11
Working with the daily 2m-temperature data at ThaiBinh (or VietTri) 
station : 
http://remosat.usth.edu.vn/~thanhnd/Download/dat_THAIBINH/
1. Plot annual mean of T2m
2. Plot the linear trend of the annual mean of T2m
3. Plot the Kendall trend of the annual mean of T2m
4. Plot a similar figure but for T2m in January 
5. Plot a similar figure but for T2m in July
6. Plot a similar figure for Rainfall

28

28

http://remosat.usth.edu.vn/~thanhnd/Download/dat_THAIBINH

