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Background
3

Vietnam is among the countries most heavily affected 
by the consequences of climate change
The detection of trends in hydro-climatic data is 
essential for the assessment of the impacts of climate 
variability and change on the water resources of a 
region.
In Vietnam, few studies of
streamflow trends have been 
published.



Objectives
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Determine temperature, rainfall and streamflows
trends in the Red River Basin:

Analyze annual trends of temperature, rainfall and 
streamflows;
Analyze seasonal trends of temperature, rainfall and 
streamflows.



Description of study area
5

F = 169,000 km2

(Vietnam: 51%);

Climate: moonson
tropical;

Average temperature: 
15oC – 26oC;

Annual rainfall: 1,500 
mm (Bac Quang: 4,800 
mm);

Mean dischagre: 3600 
m3/s (min: 370 m3/s; 
max: 38,000 m3/s);
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Linear regression
Y = aX + b

X=time (year); a=slope coefficients;
b=least-square estimates of the intercept.

Assumptions:
observations must be 
independent;
normally distributed 
populations;
constant variance.

Methodology
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Linear regression
statistical significant test:

where
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Mann-Kendall

where
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Mann-Kendall
S has a normal distribution with the mean value μs and 
variance σs

2:

statistical significant test:
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Serial correlation
positive serial correlation increases the probability 
that the MK test detects a trend when it doesn't 
exist;
prewhitening approach:

where
r1 = AR(1)

Methodology
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Temperature
Linear regression

Results

Temperature trend - Lai Chau
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Temperature trend - Yen Bai
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Temperature trend - Tuyen Quang

22.5

23

23.5

24

24.5

25

1961 1966 1971 1976 1981 1986 1991 1996 2001

0C

Temperature Trend line

Increase

Temperature
Linear regression

Results
13



14

Temperature
Mann-Kendall

Results

Temperature trend - Lai Chau
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Temperature trend - Yen Bai
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Temperature trend - Tuyen Quang
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Temperature
Seasonal Mann-Kendall

Results

Temperature trend in rainy season - Ham Yen
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Temperature trend in rainy season - Viet Tri
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Temperature trend in dry season - Viet Tri
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Temperature trend in dry season - Yen Bai
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Temperature

Results
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Temperature

Results
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Rainfall
Linear regression

Results

Rainfall trend - Viet Tri
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Rainfall trend - Yen Bai
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Rainfall
Mann-Kendall: similar results to LR
Seasonal Mann-Kendall

Results

Rainfall trend in dry season - Yen Bai
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Rainfall trend in dry season - Hoang Su Phi
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Rainfall
Mann-Kendall: similar results to LR
Seasonal Mann-Kendall

Results

Rainfall trend in rainy season - Yen Bai
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Rainfall trend in rainy season - Sa Pa
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Rainfall

Results
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Rainfall

Results
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Streamflows
Linear regression and Mann-Kendall test:

Results

Discharge trend - Yen Bai
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Discharge trend - Yen Bai
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Streamflows
Seasonal Mann-Kendall test:

Results

Discharge trend in dry season - Lai Chau
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Discharge trend in rainy season - Yen Bai
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Streamflow

Results
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Spatial distribution of annual temperature trends 
using MK
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Spatial distribution of monthly rainfall trends in 
rainy season using MK
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Spatial distribution of monthly streamflow trends 
in drought season using MK
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significant increase of temperature;
little change is observed in annual data, but 
significant changes are observed on a monthly 
basis;
increases in low flow and decreases in rainfall and 
mean annual flow;
changes in rainfall can only partly explain the 
observed trends in streamflow.

Conclusions
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serial correlation and cross correlation (trend-free 
pre-whitening, bootstrap, permutation…);
human interventation: land use change, water 
supply extraction, deforestation, reservoir 
regulation…;
extreme event: peak discharge, mininum discharge, 
timing of flood …;

Outlooks



THANK YOU


