TREND ANALYSIS AND IDENTIFYING PRECIPITATION ALTERING OF
CLIMATE CHANGE SCENARIOS USING MANN-KENDALL TEST IN THE
NAKDONG RIVER BASIN IN KOREA
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Abstract: Purpose of this study is to investigate for trend identifying of climate change data in
Nakdong river basin. In this study, the Mann-Kendall test method was used to detect trends in a
time series of climate change data for precipitation data at sixteen stations in region with period
1983-2098 (117 years) under scenarios as A2, Bl and A1B. Results showed the positive trend with
95% confidence interval at three stations, four stations, and four stations under A2, Bl, and AIB
respectively. Moreover, the results obtained with the Mann-Kendall tests showed agreement in their
assessments of monthly, seasonal, and annual precipitation trends. The variability of negative and
positive trends at various stations points to the need for more detailed studies on the climate change
of this region. In addition, the result of Mann-Kendall test also detected that the downstream of
basin under most of scenarios will receive precipitation much more than upstream in Nakdong river
basin in the future. These results of study could be useful to provide for managers in water
resources planning and management in this region.
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1. INTRODUCTION

Climate change is significantly negative
influencing on agricultural river basins and it is
severe challenge for all water resources managers
in the world. Accurately predicting precipitation
trends can play an important role in a basin’s
future economic development. Trend analysis of
data helps us identify trends at numerous
locations within a region is very necessary.
Recently, a number of studies which have been
conducted have shown evidence of significant
changes in hydro-meteorological variables by
analysing historical data trends (Qian et al.,
2007). The IPCC also confirmed an increasing
number of heavy precipitation events over the
last 50 years (IPCC, 2007). The analysed the
relationships between annual and seasonal mean
and extreme trends across Australia and the
globe using extreme climate indices estimated
using daily temperature and precipitation data
for 1957-2005 (Alexander et al., 2007). Study of
different time series data have proved that trend
is either decreasing or increasing, both in case of
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temperature and rainfall. The annual relationships
of trends between the mean and the extreme of
precipitation in Australia are very highly correlated
and consistent with other global regions studied.
Some studies have addressed similar trend
analysis of hydroclimatic variables to that of
Korea (Baek et al., 2005). Most past studies,
however, have focused on climatic trend
analyses in the history data and as short term
time series in the basin. The studies have not
focused on precipitation trend in future period
with long term in the Nakdong river basin.
Nakdong river basin is large region that is
facing adverse effects of disaster in almost every
year. Therefore, the identifying and analyses to
assessing one of climatic variable trend as
precipitation is the most important in region.
This study fills this research gap with the Mann-
Kendall test which is used to obtain objective of
study based on considers precipitation data from
117 years (1983 - 2098) at 16 stations. This research
is to investigate trends and variations in precipitation
over time at the Nakdong basin, and to provide
a broad overview of precipitation statistics, and
may help managers and agricultural planners.
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2. STUDY AREA
The Nakdong River basin is situated in the

monsoon region of South Korea (35-37° N,
127-129° E) (Finger 1).

Lirking stream Ol
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Figure 1. Location of study area

This region is characterized by heavy rainfall
in the monsoon season in early summer from
June to August. The river drains an area of
23.817 km2 and length of the main stream is
over 525 km.

3. METHOD AND DATA

In this study, the precipitation data have been
used to analysis of trend at sixteen stations in
Nakdong river basin. The Mann-Kendall test
method was used to identify a trend in time
series. This method is a nonparametric test for
detecting trends in a time series of data. The test
is widely used for analysing environmental data,
and water quality data (Donohue et al., 2001).
The Mann-Kendall test is simple but robust and
has the advantage of being able to deal with
missing values and values below a detection
limit (Mann et al.,, 1945). A new multivariate
test for a monotone trend based on Kendall’s
statistics was proposed (Dietz et al., 1981). The
method was further extended in order to analysis
multiple monitoring sites and covariates representing
natural fluctuations (Libiseller et al., 2002).

The Mann-Kendall test is applicable in cases
when the data values xi of a time series can be
assumed to obey the model
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Where f(t) is a continuous monotonic
increasing or decreasing function of time and
the residuals &; can be assumed to be from the
same distribution with zero mean. It is therefore
assumed that the variance of the distribution is
constant in time. We want to test the null
hypothesis of no trend, Ho, i.e. the observations
xi are randomly ordered in time, against the
alternative hypothesis, H1, where there is an
increasing or decreasing monotonic trend.

The Mann-Kendall test statistic S is calculated
using the formula as follow

n-l n

S= 2 Xsgn(x, -x,) 2)
k=1 j=k+1
where xj and xk are the annual values in years j
and k (annual values of precipitation), j > k,
respectively, n is the length of the data set, and

L ifx,—x,>0
Sgn(x;—x;)=470 if x,—-x, =0 (3)
-1 if x,—x, <0

Firstly, the variance of S is computed by the
following equation, which takes into account
that ties may be present:

r{n—l)(2n+5)—i(tp -, +5)j
4

p=1

Var(S)= T

Where: q is the number of tied groups and t,
is the number of data values in the pth tied
group. S is expected to have N(0,var(S))
distribution with the null hypothesis Hy that
there is no trend displayed by the time series.

Secondly, the values of S and VAR(S) are
used to compute the test statistic Z as follows

S—1
— i S>0
Ly var(S) s>
Z=40 if §$=0 (5)
S+1
— if S<0
A var(S) y<

where, Z is a standard normal variable and
the presence of a statistically significant trend is
evaluated using the Z value. The Mann-Kendall
test may thereby be stated simply. The null
hypothesis Hy that Z is not statistically

KHOA HOC KY THUAT THUY LOI VA MOI TRUONG - SO 50 (9/2015)



significant or no significant trend is accepted if
—Zi-gpn <L < Zi—ypn, Where £ 7o are obtained
from the standard normal deviates, o is the
significance level for the test. The presence of a
statistically significant trend is evaluated using
the Z value. A positive (negative) value of Z
indicates an upward (downward) trend.

To estimate the true slope of an existing trend
(as change per year) the Sen's nonparametric
method is used. The Sen’s method can be used
in cases where the trend can be assumed to be
linear. This means that f(t) in equation (1) is
equal to

f@)=6+B (6)

where 0 is the slope and B is a constant. To
get the slope estimate 0 in equation (Eq. 6) the
first calculate the slopes of all data value pairs

(7

where j>k. If there are n values xj in the time
series we get as many as N = n(n-1)/2 slope
estimates 0i. The Sen’s estimator of slope is the
median of these N values of 0i.

The output file for each test list the
correlation coefficient include Kendal test
statistic S, the standard normal deviated Z,
determined from S and the variance of S, the p-
value for significance of the trend, and slope
also estimated in this file.

In this study, The climate change data were
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obtained from GCMs of ECHO-G under A2,
B1, and A1B scenarios that were used to assess
and to identify of change in the future. These
data obtained based on available data for future
long tern of 2012-2098. However, in order to
advantage in comparison and assessment as well
as identification of in change of future periods
to relative observed baseline period of 29years
(1983-2011), so the future long period was
divided into three periods for each period as
29years of 2012-2040, 2041-2069, and 2070-
2098. Then, these periods were selected to
assess and compare with baseline period (1983-
2011). This is basis reason why those periods
are used in this study.

4. RESULTS

The figure 2 has shown the trends in the
future for 16 stations under A2 scenario,
respectively. The results of a Mann-Kendall test
was carried out on annual precipitation that
during for 30 years in current and the 87 years
climate in future at sixteen stations have shown
significant positive trend for stations under A2,
B1, and Al1B. Under A2 scenario, the result
detected three stations with significant positive
trend with a 95% confidence interval. Two of
these stations (Uljin, Youngduk) are located in
the upstream of the basin, one another of these
stations (Masan) detected in downstream of the
basin.
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Figure 2. The trends of annual precipitation in the future

The result indicated four stations with
significant positive trend with a 95% confidence
interval under Bl scenario that one of these
stations (Youngju) are located in the upstream
of the basin. Other stations (Guchang, Hapchun,
Masan) are detected in the downstream of the
basin. Finally, under A1B scenario, the result
indicated four stations with significant positive
trend with a 95% confidence interval that are
detected in the downstream of the basin as
Guchang, Hapchun, Masan stations, and one of
these Uljin is located in the upstream of the
basin. Other the remaining stations under A2,
B1, and A1B scenarios showed trend increasing
with smaller than significant with of 95%
confidence interval. In conclusions, the results
of analysis detected that the downstream of
basin will receives precipitation much more
than upstream in Nakdong River Basin in ther
future under all scenarios.

4.1. Change on the annual of precipitation

Figure 3a showed the results of the change in
the annual precipitation in the baseline period and
future periods under A2, Bl, and A1B. In these,
the mean annual of precipitation under all of
scenarios showed more increase for all periods
than baseline data. In specific of the precipitation,
the analysis result under A2 scenario showed that
the mean annual precipitation increased of +3.0%,
+5.7% and +8.4% for periods as 2012-2040,
2041-2069, and 2070-2098, respectively. Under
B1 scenario showed an increase of +6.1%, +5.9%,
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+9.8%; and A1B scenario as increasing of +5.5%,
+3.5%, +11.7% in the same periods respectively.

4.2. Change on the seasons and months of
precipitation

In term of seasons and months, the results
also showed the change of the seasons of
temperature. The results are summarized the
changes in seasonal precipitation under A2, B1,
and A1B scenarios. In particular, under of A2,
B1, and A1B scenarios for period 2070-2098,
the magnitude of the mean season precipitation
indicated change of +5.4%, +3.5%, +9.9% in spring
season; +12.6%, +18.3%, +19.4% in summer season;
-8.9%, -7.2%, -8.1% in autumn season; +28.4%,
+10.1%, +13.5% in winter season, respectively.

In addition, From figure 3b, 3c and 3d
showed the change in the mean months of the
precipitation under Al, B1, and A1B scenarios,
respectively. The results showed an increase
significantly of months in winter and summer.
Specifically, it is highest variable about +15%
to +30% in months of July, August, January,
February, while it showed the reducing
significantly about -10% to -40% in May,
October in the most of periods under all
scenarios. In conclusion, the results showed an
increase in the mean annual precipitation for
most of periods under all periods.

The mean seasonal and months of the
precipitation showed an increase most of
months in winter and summer season for all
periods. On the other hand, in all of periods, the
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results also showed the period of 2070-2098
surpassed in more increasing than other periods
of the annual, seasonal and months for both of
precipitation. The result of Mann-Kendall test

also detected that the downstream of basin under
most of scenarios will receive precipitation much
more than upstream in Nakdong River Basin in
the future.
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Figure 3. (a) Trend of annual precipitation under the A2, Bl, A1B; (b, ¢, d) change of mean months
precipitation for baseline and future periods under A2, Bl, AIB scenarios

5. CONCLUSIONS

Climate change may seriously affect of
regional water resources. Therefore, the objective
of this study is focused on the using the Mann-
Kendall test to identify of the climate variability
trend on river basin. The results in this study
showed an increase in the mean annual
precipitation for most of periods under all
periods. The mean seasonal and months of the
precipitation showed an increase most of
months in winter and summer season for all
periods. On the other hand, the results also
showed the period of 2070-2098 surpassed in
more increasing than other periods of the
annual, secasonal and months for both of
precipitation. The result of Mann-Kendall test
also detected that the downstream of basin
under most of scenarios will receive
precipitation much more than upstream in the
future in study area. Climate changes impact on
precipitation will affect more extreme events of
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flood and drought, water supply system, and
especially agricultural production in the river
basin. The results obtained with the Mann-
Kendall tests showed agreement in their
assessments of monthly, seasonal, and annual
precipitation trends. The variability of negative
and positive trends at various stations points to
the need for more detailed studies on the climate
change of this region. Specifically, it is highest
variable about +15% to +30% in months of July,
August, January, February, while it showed the
reducing significantly about -10% to -40% in
May, October in the most of periods under all
scenarios. Moreover, the result of Mann-
Kendall test also detected that the downstream
of basin under most of scenarios will receive
precipitation much more than upstream in
Nakdong River Basin in the future. These
results of study could be useful for planners and
managers in water resources management in
study area.
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Tém tit
PHAN TiCH VA NHAN BIET XU HUONG THAY POI LUQNG MUA
CUA CAC KICH BAN BIEN POI KHi HAU SU DUNG PHUONG PHAP
MANN-KENDALL TREN LUU VUC SONG NAKDONG-HAN QUOC

Muc dich ciia nghién cieu la phat hién ra xu hwéng ciia cdc chudi s liéu trong bién doi khi hdu lwu
viee song Nakdong. Dé dat dwoc muc tiéu nghién ciru nay phwong phdp Mann-Kendall da dwoc sir
dung dé ro tim xu hiéng thay doi ciia chudi sé liéu tai 16 tram miea trong viing voi sé liéu mira la
117 nam trong cdc kich ban bién déi khi hdu la A2, BI va A1B. Két qua nghién ciru chi ra xu hieong
chudi sé liéu mua tang voi do tin cdy (chcfc chdn xay ra) dat 95% duwdoi cac kich ban A2 la ba tram,
BI la bon tram va AIB bén tram. Hon nita, két qua dat dwoc véi phirong phdp Mann-Kendall ciing
dd chi ra sy phit hop vé danh gid xu hwéng ciia muwa trong viing theo thang, theo mia va theo hang
nam. Két quad thé hién tinh chat thay doi vé xu hwong co sy tang giam tqi vi tri cdc tram rat can
thiét trong viing réng Ién chiu tic dong cua bién doi khi hdu. Két qua ciing da phat hién ra rang
trong cdc thdp nién téi phdan ha leu cia luu viee séng Nakdong sé ¢é lwong mwa nhiéu hon hrong
mua phia thwong nguon. Qua do, két qua nghién civu la co sé rat can thiét va hitu ich cho cdc nha
quy hoach va quan Iy tai nguyén nudc trong luu vue nghién ciru.

Cic tir khéa: Bién doi khi hau; phat hién, ro tim; phwong phap Mann-Kendall; song Nakdong.
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