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Spatiotemporal evolution of runoff in the mainstream
of the Mekong River from 1960 to 2012

SUN Zhouliang"?3,LIU Yanli"?,LIU Ji*, TANG Xiongpeng'?,
SHU Zhangkang'?,GUAN Tiesheng'?

(1. Nanjing Hydraulic Research Institute, State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering,
Nanjing 210098, China;2. Research Center for Climate Change of Ministry of Water Resources,Nanjing 210029, China;
3. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
4. College of Hydraulic and Environment, China Three Gorges University, Yichang 443002 ,China)

Abstract: This study evaluates the hydrological characteristics such as annual runoff, runoff in flood and dry season, monthly
runoff and extreme runoff using daily measured runoff data of Chiang Saen,Luang Prabang, Mukdahan and Stung Treng hydro-
logical stations in the mainstream of Mekong River from 1960 to 2012. For this purpose, the Mann-Kendall trend test, the Pettitt
mutation test,and the coefficient of variance (Cy) were used to analyze the evolution characteristics. . The results showed that
the annual runoff of Chiang Saen, Luang Prabang,and Stung Treng stations exhibited downward trend, while the annual runoff
of Mukdahan stations showed upward trend. Among them, the annual runoff of Mukdahan station had a significant change in
1994. The runoff ratio showed a downward trend, while the difference in runoff distribution during the flood season and dry sea-
son tended to decrease. Furthermore, the Cy of each station showed decreasing trend. The declining trend of Chiang Saen and
Stung Treng stations was significant,and the runoff distribution of each station was distributed within the year. The flow fluc-
tuation range of three stations (Chiang Saen, Mukdahan,and Stung Treng) was gradually decreased, while the flow fluctuation
range of Luang Prabang station increased gradually. On the whole, the runoff change trend showed an increased and decreased
pattern at different river sections in the past 50 years which revealed that the spatial difference of water production capacity of
the Mekong River Basin is quite large.

Key words: runoff; spatial-temporal evolution; hydrological characteristics; Mekong River

Reasonable allocation of water resources is an
effective means for the harmonious development of
human-water systems, and most of the water re-
sources used come from river runoff. At the same
time, water allocation operation is also a high-fre-
quency issue for international rivers. The Mekong

River is an important international river that runs
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through Southeast Asia. The production and life of
residents along the coast are directly affected by
changes in the amount of water in the Mekong Riv-
er. Therefore, the study of the runoff evolution of
the Mekong River is of great significance for the
rational use of water resources'',

The upper reach of the Mekong River is Lan-
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cang River of China, which flows through Myan-
mar, Laos, Thailand, Cambodia, and Vietnam after
leaving China. Due to the large differences in geo-
graphic location, economic level, scientific and tech-
nological level, social culture, and other aspects
among the countries across the Mekong River,
there are also obvious differences in the use of wa-
ter resources and benefit needs in the Mekong Riv-
ert*). Most of the countries along the Mekong River
are mostly underdeveloped countries and their eco-
nomical and technological development levels are
relatively low, therefore, these countries are largely
depend on the Mekong River in terms of agricultur-
al irrigation, hydropower production, fisheries, and
ecology. In addition, the water resources problem is
a sensitive factor that can affectthe international re-
lations of countries in the basin'®’. Instead, the Me-
kong River is crossing multiple climatic zones and
is significantly affected by the monsoon. The rain-
fall distribution is extremely uneven,and there are
obvious characteristics of rainfall and drought dif-
ferentiation, with about 80% of the rainfall occurs
in the rainy season (June-November) "), There-
fore, the profound impact of changes in water re-
sources on development and utilization is obvi-
ous*,

At present, there are few analyses and studies
on the runoff evolution of the Mekong River at
home and abroad”. For example, HE systemati-
cally analyzed the natural geography, hydrology,
and water resources of the Lancang-Mekong River
Basin for the first time in China, which opened the
precedent to study the Lancang-Mekong River
problems™®. ZHOU et al®* successively analyzed
the characteristics of runoff changes in the Mekong
River basin,and the spatial and temporal distribu-
tion of drought, and quantitatively evaluated the
trends and change characteristics of annual runoff,
runoff in flood and dry seasons, and low discharge
at Chiang Saen"'"',Zhong et al''"'analyzed the spa-
tial changes of the Mekong mainstream runoff and
its impact on the hydrological characteristics of the
Tonle Sap Lake and of the Delta,and examined the
impact of the development of Lancang River hydro-

power on the regulation and distribution time of
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mainstream runoff (i. e. Equivalent to the Mekong
River inflow)"*, Lei et al “*/simulated and ana-
lyzed the impact of Lancang River hydropower de-
velopment on outbound runoff. Internationally,
there are relatively few studies. Hoang et al
U studied the changes in dry season and rainy sea-
sons runoff under the influence of future climate
change and human activities. Li et al'**) analyzed
the impact of dam construction on the characteris-
tics of downstream flow pulses. The above studies
mainly focused on the general distribution of runoff
and the characteristics of macroscopic changes in
total volume of Mekong River. There are few stud-
ies on the hydrological characteristics of extreme
runoff of the Mekong River, for example, the uni-
formity of annual runoff distribution,and the varia-
tion of spatial water production.

In order to fully grasp the characteristics of
the runoff change in the Mekong River, this paper
analyzed the annual runoff, monthly runoff, runoff
in flood season and dry season, and daily-scale ex-
treme runoff based on the long-term daily runoff
observation data of the Mekong mainstream river,
so as to provide support to reasonable use of water

resources in the region.

1 Data and methods

1.1 Data
The Lancing River of Lancang-Mekong River

basin crossed from China and after crossing the ge-
ographical boundary of China it named as the Me-
kong River. Since Yunjinghong Chereinafter Jing-
hong) is the last controlled hydrological station in
China at the Lancang River and is close to the exit
point. The flow at Jinghong is generally taken as
China’s outbound flow. In this study, the selected
Mekong River basin is the part below the Jing-
hong. Since, the flow of Stung Treng can reach
90% of the whole basin"'", this article mainly con-
sidered the part between Jinghong and Stung
Treng, representing the Mekong River basin. In
this study, a comprehensive consideration of fac-
tors such as spatial representation, data series
length, four hydrological stations such as Chiang
Saen, LLuang Prabang, Mukdahan, and Stung Treng
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were selected. The daily flow observation data for
each station from 1960 to 2012 were obtained from
Mekong River Commission. The data have high re-
liability.

1.2 Methods

This paper mainly used the Mann-Kendall
trend test method, Pettit mutation test method and
the coefficient of variance Cy.

The Mann-Kendall trend test method (herein-
after M-K) is a non-parametric test method widely
used in the field of hydrometeorology. It calculate
the statistical magnitude Z-value for testing the bi-
lateral significance of the trend change in a series.
A certain critical value at the significance level «
can be regarded as a statistically significant trend
in the analyzed sequence. Among them, the abso-
lute value of Zwvalue reflect the size of the chan-
ging trend, and the positive and negative signs of
the Z-value indicate the upward and downward
trends, respectively-'!.

The Pettit mutation test method Chereinafter
Pettit) is also a non-parametric test. The signifi-
cance of the most likely mutation point of a se-
quence was tested by calculating the maximum of
the statistic U and its probability P-value. When
P-value was less than a given significance level o, it
could be considered that the point with a maximum
of absolute U was a statistically significant muta-
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tion point, and the time when the value appeared
was the time when the mutation occurs'”. This
paper defined the significance level ¢ = 0. 05, and
the corresponding critical value range between
—1.96~1. 96.

The Cy (variation coefficient, or the uneven
distribution coefficient) is a commonly used index
to quantify the unevenness of sequence fluctua-
tions. A larger Gy value indicate the sequence of

greater unevenness and greater volatility''s',

2 Evolution of different runoff indicators

2.1 Variation in annual runoff

The interannual variation in the annual runoff
at each station is shown in Fig. 1. From the change
within a year and trend line, the annual runoff at
Chiang Saen, Luang Prabang, and Stung Treng
showed a downward trend,and the annual runoff at
Mukdahan was displayed an upward trend. In Fig. 1,
the estimated linear tendency of the trend lines at
—5.2,—10.9,14. 8,and
—6.3, were greatly different, showed that the o-

each station,for example,

verall change range was the largest at Mukdahan,
followed by Luang Prabang, and Chiang Saen and
Stung Treng were similar.

The M-K and Pettitt were used to test the an-
nual runoff trend and mutation point at each sta-

tion. The test results are shown in Tab. 1. The test
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Fig. 1 Temporal variations in annual runoff at each station
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Tab. 1 Mann-Kendall and Pettit test values of annual runoff
and Cy at each station
Annual runoff Cv
Stations
4 P 4 r

Chiang Saen —1.23  0.15(1972) —2.11 0.02(1972)
Luang Prabang —1.85 0.10(1986) —0.22 0.51(1995)
Mukdahan 0.91 0.049(1994) —1.62 0.26(1976)
Stung Treng —0.48 0.96(1994) —2.28 0.08(1998)

Note: the year in which the mutation occurred is in parentheses,
and the underline indicates the mutation is significant
results of each station showed that Zwvalues such
as —1.23,—1.85,0.91, —0. 48, were within the
critical value interval, which mean that the annual
runoff change trend of each station was not signifi-
cant.

From the P-value, the test results of Chiang
Saen, LLuang Prabang, and Stung Treng were all
greater than the critical value a. it revealed that
there was no significant mutation occurred. The
test result of Mukdahan station was 0. 049 (less
than ) , which showed a significant that at Mukda-
han station mutation was occurred. During analysis
it was also observed that the runoff mutation were
occurred during the year of 1972, 1986, 1994 ‘and
1994, respectively. Based on 5-year moving average
line, it was also observed that each station showed
similar characteristics of a change in the trend be-
tween two periods. The mutation point of Chiang

Saen station was occurred during 1970, and in 1985

at Luang Prabang,in 1995 at Mukdahan and Stung
Treng, which was close to the change time tested
by the M-K.

2.2 Variation in flood season runoff and dry

season runoff

There were obvious differences between dry
season runoff and flood season runoff of the Me-
kong River basin. Based on previous study, Ref.
[5], this study divided the dry season and flood
season ( December-May and June-November), to
quantitatively describe the division of time. To ana-
lyze the flood season runoff, dry season runoff and
the ratio, the dry season in 1961 was taken from
December 1960 to May 1961 and the flood season
from June to November. The runoff trends and mu-
tation test results of the dry season and flood sea-
son at each station are shown in Tab. 2.

From the perspective of dry season runoff,
Mukdahan,

showed an increasing trend, while Mukdahan

Chiang Saen, and Stung Treng
showed a significant increase trend and displayed a
significant mutation point occurred at this station.
It can be seen that is was the mutation to in-
crease. From the perspective of flood season run-
off, Chiang Saen Sttion, Luang Prabang, and
Stung Treng showed a non-significant decreasing
trend, while the Mukdahan showed a non-signifi-

cant increasing trend.

Tab. 2 Mann-Kendall and Pettit test values for annual flood season and dry season at each station

Dry season runoff Flood season runoff RatioZ
Stations
4 P 4 P 4 P
Chiang Saen 1.13 0. 81(1965) —1.92 0.07(1971) —2.30 0.03(1971)
Luang Prabang —1.62 0.12(1986) —1.67 0.16(1985) —0.51 0. 94(2008)
Mukdahan 3.35 3. 71X1074(1999) 0. 37 0.21(1993) —1.95 0. 27(1981)
Stung Treng 1.71 0.003(1996) —1.00 1. 12(1966) —2.49 0. 05(1995)

Note: the year in which the mutation occurred is in parentheses,and the underline indicates the mutation is significant

For the ratio, all stations showed a decline
trend, while the trend of Chiang Saen and Stung
Treng was significant. Among them, significant
changes were occurred at two stations (Chiang
Saen and Stung Treng) , indicating that the differ-
ence of runoff allocation between flood and dry
season at each station tended to decrease. The

difference between Chiang Saen, Mukdahan, and
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Stung Treng showed a significant or close to sig-
nificant decrease trend.
2.3 Variation in monthly runoff

The annual distribution of runoff is one of the
basic characteristics of runoff. To understand the
uneven distribution of runoff, the annual average of
the Cy series of each station was calculated, and

then the M-K and Pettit were used to test the trend



SUN Zhouliang, et al

Spatiotemporal evolution of runoff in the mainstream of the Mekong River from 1960 to 2012

in Cy series at each station. The test results are
shown in Tab. 1. For Zwvalue, the Cy of each sta-
tion has a downward trend, and the downward
trend of Chiang Saen and Stung Treng reached at
significant level, indicating that the annual runoff
at each station had become uniform. For the
P-value,a significant mutation point occurred dur-
ing 1972 at Chiang Saen, which was consistent with
the annual runoff mutation time,

To analyze the differences in changes in
monthly runoff, the M-K was used to test the var-
iation trends of monthly runoff. To compare the
effects of annual runoff changes on the test

results, monthly runoff was conductedusing abso-

lute runoff and relative runoff. In contrast, abso-
lute runoff refer to the actual average flow of each
month, which reflect the change of runoff in each
month, and relative runoff refer to the proportion
of each month’s runoff to the total runoff of the
year and reflect the change in the annual distribu-
tion ratio of runoff in each month, Tab. 3 showed
the test results of the runoff changes. It was
worth noting that when the absolute runoff and
relative runoff change in the same direction, they
were both up or down, it showed that the annual
runoff of the monthly runoff (relative to the
month's change) increased or decreased relative to

the annual runoff.

Tab. 3 Mann-Kendall test values of monthly runoff at each station

Chiang Saen Luang Prabang

Mukdalan Stung Treng

Months
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Note: The numbers in red indicate the upward trend,and the blue indicate a downward trend, while a box indicate a significant trend.

At Chiang Saen station, there was an upward
trend from January to May in absolute runoff. The re-
sults revealed that the upward trend was significant in
April and May, while the downward trend was from
June to December, of which the downward trend was
significant in August. In the relative runoff, the upward
trend was from December to January to July,of which
the upward trend was significant from March to
May, the downward trend was from August to No-
vember, and the downward trend was significant
from August. Absolute runoff and the relative run-
off had the same trend direction from January to
May and August to November, indicating that the
increase of runoff from January to May was larger

and compared to August to November.,

Absolute runoff at Luang Prabang station was
generally stable in April, with an upward trend in
May and a downward trend during the rest of the
month, of which a significant downward trend in
January, February, August, November, and Decem-
ber. Relative runoff had an upward trend from
March to July,of which the upward trend was sig-
nificant in May,and the downward trend in August
to December and January to February and the
downward trends were not significant. Absolute
runoff and relative runoff had the same trend direc-
tion from January to February, August to Decem-
ber and May, indicating that the runoff decreased
significantly from January to February, August-De-

cember,and increased a lot in May.
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Absolute runoff at Mukdahan station had a
downward trend in June and November,and the re-
maining months had upward trends, of which the
upward trend was significant from January to
May. The relative runoff had an upward trend from
January to May and July to August, of which the
upward trend was significant from March to May,
and had a downward trend from June to September
to December. The downward trend was not signifi-
cant. Absolute runoff and relative runoff had the
same trend direction from January to August and
January,indicating that the increase of runoff from
January to May and July to August was larger
compared to June to November.

Absolute runoff at the Stung Treng had an
upward trend in December and from January to
May, of which the upward trend was significant
from April to May, and had and downward trend
from June to November. The relative runoff had an
upward trend in December, from January to May
and in July, the upward trend was significant from
March to May,and there was a downward trend in
June and from September to November. Absolute
runoff and relative runoff had the same trend direc-
tion from January to June and August to Decem-
ber,indicating that the runoff increased significant-
ly from December to May, and decreased signifi-
cantly from June to August.

The Mekong River basin is a typical area af-
fected by the monsoon, so the annual distribution
of runoff is an important factor affecting the effi-
cient use of water resources. According to the trend of
the uneven distribution coefficient Cy, of each
month which is presented in Tab. 1, the distribu-
tion of runoff at each station tended to be uniform,
which increased the availability and controllability
of runoff. Given the relative runoff change trends
of each month, this uniform distribution trend had
spatial similarity in the change of the monthly dis-
tribution ratio, the dry runoff proportion increased
especially from March to May and the flood runoff
proportion decreased especially from August to No-
vember. However, there was a certain spatial difference
in the homogenization trend in terms of absolute runoff

change. For example, the runoff at Chiang Saen and
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Stung Treng showed an increasing trend from January
to May, and a decreasing trend from June to Novem-
ber. The changing trends of the periods were all large
and equivalent, so the monthly uneven distribution
coefficient significantly decreased.

Luang Prabang station showed decreasing runoff
in 10 months. The decreasing trend during the dry sea-
son was slightly larger than that in the flood season
and was close to a significant level, the decreasing
trend of monthly uneven distribution coefficient
was smaller. For Mukdahan station, there was in-
crease in runoff during 10 months,and the increas-
ing trend of the dry season was significant, so the

monthly uneven distribution coefficient decreased.
2.4 Variation in extreme runoff

Extreme runoff is an important indicator that
could affect flood and drought disasters, reflecting
changes in the magnitude of flow fluctuations. This
paper considered the maximum and minimum
1-day,3-day and 7-day flow on an annual statistical
scale to analyze the changes in the extreme runoff
of the Mekong mainstream, and examine the trend
changes of each indicator series. The test results
are shown in Tab. 4.

The maximum 1-day, 3-day, and 7-day flow
and the minimum 1-day, 3-day and 7-day flow at
Chiang Saen station showed a decreasing trend, but
the trend value of maximum flow was larger than
the corresponding minimum flow, indicating that
the flow fluctuation interval gradually decreased.
At Luang Prabang station, the maximum 1-day,
3-day, and 7-day flow and the minimum 1-day,
3-day, and 7-day flow all showed a decreasing
trend. Among them, the minimum 1-day, 3-day,and
7-day flow decreased significantly, indicating that
the flow fluctuation interval was gradually increas-
ing. The maximum 1-day,3-day.and 7-day flow and
the minimum 1-day, 3-day and 7-day flow at Muk-
dahan station showed a decreasing trend. Among
them, the minimum 1-day, 3-day,and 7-day flow in-
creased significantly, indicating that the flow fluc-
tuation interval gradually decreased. Stung Treng's
station maximum 1l-day, 3-day and 7-day flow
showed a decreasing trend, while the minimum

1-day, 3-day, and 7-day all showed an increasing
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trend, indicating that the flow fluctuation interval

gradually decreased.

Tab. 4 Mann-Kendall test values of maximum and minimum flow in 1-day,3-day and 7-day at each station

Stntings Blax 1d Mmld
LChilang Sasn 11 1F, 74
Loanyg Prabhesg I =
Shakdalian i | 4
=ling Sreng -}

Bl Min3d

el 7l MfinTd

Note: The Max and Min refer to maximum and minimum,and 1d,3d and 7d refer to flow in 1-day, 3-day.and 7-day.

3 Spatial characteristics of water yield vari-

ation

The selected four representative stations are at
upstream and downstream, there is a dependent re-
lationship between runoff changes. To analyze the
spatial difference of water production, the runoff
sequence that remove the upstream influence was
used to analyze the characteristics of water produc-
tion change in the region. A natural runoff region
was formed between adjacent stations,ignoring the
impact of the current region (the watershed range
between the current region and the previous re-
gion) on the inflow water from the upstream re-
gion. The current section runoff (observed runoff)
was subtracted from the upstream section runoff,
and the resulting runoff difference was taken as the
water yield of the current section. Comparing the
runoff observation with the regional water produc-
tion, we can analyzed and obtained the change char-
acteristics of the regional water production and the
water flow from the upper region from the current
runoff variation characteristics. The Jinghong was
taken as the upstream cross region of the Mekong
River,and its runoff change characteristics and in-
fluence on downstream runoff change characteristics
were analyzed. Tab. 5 lists the trend of inflow in differ-
ent regions during the dry season, flood season, and
throughout the year. The left column is the runoff
change trend above Jinghong and the different regions
between Jinghong and other stations. The right column
is the runoff change trend of the regions in the main-
stream of the Mekong River. Combining with Tab. 1
and Tab. 2 to observe the runoff test results and ana-
lyzed the change characteristics of water production in
each section. Since the annual runoff in Tab. 1 is a

calendric year, and the annual runoff in Tab. 5 is a

hydrological year, the calculation results of the hydro-
logical annual runoff (the results are omitted) are
close to the calendric years. Therefore, the trends
of annual runoff at the mainstream stations in the

following sections still use the results in Tab. 1.

Tab.5 Mann-Kendall test values of runoff in different regions

Regions Dry season  Flood season Annual
Above Jinghong —0.52 —3.01 —2.88
Jinghong-Luang Prabang —1.70 —0. 50 —1.00
Jinghong-Mukdahan 3.51 0.77 1.37
Jinghong-Stung Treng 1.93 —0. 64 —0. 18
Jinghong-Chiang Saen 2.28 0.31 0. 56
Chiang Saen-Luang Prabang —3.65 —0. 70 —1.37
Luang Prabang-Mukdahan 5.15 1.71 2.23
Mukdahan-Stung Treng —0.51 —1.60 —1.60

Note: The annual refers to the sum of runoff in the dry season and
flood season of the current year, here the inflow is from December of
the previous year to November of the current year.

Inflow water above Jinghong decreased during
the dry season and flood season,and the reduction
in flood season significantly reduced the annual
runoff. Water production in the Jinghong-Chiang
Saen region increased during the dry season and
flood season, and the increasing trend was signifi-
cant during the dry season. Therefore, the runoff
reduction trend at Chiang Saen was mainly caused
by the decrease of flood season runoff at Jinghong.
Water production in the Chiang Saen-luang Prabang
region decreased during the dry season and flood sea-
son,and the dry season runoff decreased significantly,
while water production in the Jinghong-l.uang Prabang
region also decreased. It was difficult for the inflow
water in the Jinghong-Chiang Saen region to replenish
the reduction amount of inflow water in the two re-
gions before and after it, so the reduction of runoff at
Luang Prabang was affected by both the reduction
of Jinghong's inflow water and the decrease of

Chiang Saen-Luang Prabang region’s water pro-
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duction. Luang Prabang-Mukdahan region had a
significant increase in water production, while Lu-
ang Prabang had a significant decrease in the run-
off, so the increase in runoff at Mukdahan was
mainly affected by the significant increase in water
production in Luang Prabang-Mukdahan region.
Combining the water production in the Jinghong-
Luang Prabang region, Jinghong-Mukdahan re-
gion, and the runoff trends at LLuang Prabang and
Mukdahan, it can be seen that the water production
in Luang Prabang-Mukdahan region had an impor-
tant impact on the runoff changes in the middle and
lower reaches of the Mekong River. Water produc-
tion in the Mukdahan-Stung Treng region was de-
creasing. Although the runoff at the Mukdahan re-
gion was increasing,and the dry season runoff was
increasing significantly while the annual runoff was
decreasing, the runoff at Stung Treng was decrea-
sing. Thus, the runoff reduction trend was mainly
affected by the reduction of flood season runoff in
Mukdahan-Stung Treng region

From the above analysis, it can be seen that,
change trends of water production in the five re-
gions showed an increasing and decreasing pattern,
The runoff change at each section must be affected
by the water inflow from the upstream section and
the local water production. From the results, it can
be concluded that the runoff change trend between
the adjacent sections may be reversed, the regional
water production may completely change the runoff
change trend of the lower section,and the runoff at
adjacent sections will not necessarily show a con-
sistent trend because of the upstream and down-
stream relationship. For example, the runoff at Lu-
ang Prabang was decreasing, the increase in water
production at Luang Prabang-Mukdahan section
made the runoff in Mukdahan section increasing,
and the decrease in water production in Mukdahan-
Stung Treng section made the runoff in Stung

Treng section decreasing.
4 Conclusions

This paper selected Chiang Saen, LLuang Pra-
bang, Mukdahan, and Stung Treng as the repre-

sentative stations. Based on the daily runoff data
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from 1960 to 2012, the Mann-Kendall trend test
method, Pettit mutation test method and the coeffi-
cient of variance Cy were used. The annual runoff,
flood season runoff and dry season runoff, monthly
runoff, extreme runoff, and regional water produc-
tion were analyzed in terms of runoff evolutionary
characteristics of the Mekong River mainstream.
The main conclusions are as follows.

(1) The annual runoff at Chiang Saen, Luang
Prabang,and Stung Treng stations showed a down-
ward trend, while the annual runoff at Mukdahan
station displayed upward non-significant trend.
Mutation point occurred during 1972, 1986, 1994
and 1994, respectively, atr each station, while the
mutation point at Mukdahan was significant.

(2) The annual runoff distribution at each sta-
tion tended to be uniform. The monthly runoff dis-
tribution showed a uniform trend, at Chiang Saen
and Stung Treng stations showed the most signifi-
cant performance. The increase of dry season run-
off and the decrease of flood season runoff were
mainly reflected in the increase of runoff from
March to May and the decrease of runoff from Au-
gust to November.

(3) Both Chiang Saen and Luang Prabang sta-
tions, there was a decreasing trend of high and low
flow. Among them, the high flow of Chiang Saen
station was lower than that of low flow, while the op-
posite was true for Luang Prabang station. Mukdahan
had an increasing trend of both high flow and low
flow,and low flow had a greater trend of decreasing
than high flow. At Stung Treng station, the high flow
was decreasing and the low flow was increasing, the
flow fluctuation range of Chiang Saen, Mukdahan,
and Stung Treng stations gradually decreased,
while at Luang Prabang was increased.

(4) There was a distinct difference in the trend of
water production change between adjacent stations on
the mainstream of the Mekong River, which affected
the runoff variation characteristics of the down-
stream region. From upstream to downstream, the
change trend of water production in each region

showed a pattern of increasing and decreasing.
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