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Abstract: Drought tendency is significantly increasing and highly negative influencing causing of
extreme impact of the over global climate change in the future and especial at river basins that is
facing severe challenge for all water resources managers in the world. The early realization of
drought event can help managers to have drought mitigation strategies, which is significantly able
to damage rveducing in river basins. Therefore, the main objective of this study is to provide
methodology to assess and warn of drought by using of the Autoregressive Integrated Moving
Average (ARIMA) model. Based on the rainfall in the basin, the Standardized Precipitation Index
(SPI) series were determined by using fitting a probability density function, then the model was
applied to simulate drought using this index series in the river basin. The simulated results obtained
by using from the best model s parameters after they were calibrated and compared with the actual
data, and it showed reasonably good agreement with the actual data. So the models can be used to
warn droughts with reasonably accuracy. Besides, the results of the study also was indicated
occurrence drought levels based on SPI index that were shown that the years 1990, 1992
represented severely dry and double of consecutive years of 2000-2001, 2003-2004, 2008-2009
represented extremely dry conditions in basin. Through results of the study provide useful
methodology for managers to have drought mitigation strategies, which are significantly able to
damage reducing, and suitable policies of water resources management in region.
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1. INTRODUCTION

Drought is a normal, recurrent feature of
climate, and is one of the world’s costliest
natural disasters, causing an average US$6—8

billion in global damages annually, and
affecting more people than any other form of
natural catastrophe [7]. It occurs almost

everywhere, although its features vary from
region to region. Defining drought is therefore
difficult; it depends on differences in regions,
needs, and disciplinary perspectives. In the most
general sense, drought originates from a
deficiency of precipitation over an extended
period of time, resulting in a water shortage for
some activity, group, or environmental sector.
Whatever the definition, it is clear that drought
cannot be viewed solely as a physical
phenomenon. Korea shows a typical seasonal
pattern in its climate. Four seasons are
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developed due to the change of its temperature
and rainfall amount. The dry season includes
most of spring, fall, and winter, and months of
June, July, August and September are generally
included in the wet season in Korea. More than
60% of the total annual precipitation is
concentrated in the wet summer season, SO
flooding has become an annual event in the
Korean Peninsula. Monsoon lasts about a month
from mid-June to July, and several typhoons hit
the Korean peninsula from late August to
September. The recent trends of mean and
extreme precipitation with significantly change
in Korea that is based on studied by Jung et al
[6]; the projected changes of drought is also
shown in drought occurrence under future
global warming from multi-model, multi-
scenario [15]. Convective storms are also
frequently developed locally to cause flash
floods [3]. On the other hand, a long dry spell
continues until the monsoon season begins.
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According to Yoo et al [17], almost every 2
years, the Korean Peninsula suffers from a
shortage of rain, needed mostly for agricultural
use, which sometimes turns into a very deadly
on lasting more than 2 years. However, these
recent frequent droughts have severely stressed
water supply systems and the community that
depends on them. Drought management has
therefore become an important issue especially
in south-eastern Korea. The forecasting aspect,
which is very important from the point of view
of drought preparedness and early warning, is
still fraught with great difficulty [13]. Nevertheless,
Beran et al [1] suggested that it may be possible
to forecast the probable timings of inception and
termination of droughts reasonably well over a
short period such a month or a season. Others,
the drought occurrence probabilities and risks of
dependent hydrological processes [2]. There are
several methods that have been used in the past
as the drought assessment tools and many
attempts have been tried to quantify the drought,
most of which have been based on shortage of
precipitation data analysis; the drought assessment
tools such as measurement of shortage of
streamflow, reduced levels of water storage, and
Drought Indices. Of these, DIs are widely used
for drought assessment [5,7, 12,16]. Moreover,
the methods used to prediction of drought by the
SPI by Paulo et al [11]; On the use of SPI for
drought intensity assessment [8]. Basin-scale
stream-flow forecasting using the information of
large-scale atmospheric circulation phenomena
[9]. However, in order to assess drought levels
and to forecast drought that is not only need
based on a standard index but also need using
model to drought simulation in river basin.
Therefore, the determination time series of SPI
index for time scale and to develop valid ARIMA
models to forecast and simulate SPI series, and
both of these are to assessment and forecasting of
drought that is the goal in this study.

2. STUDY AREA AND DATA

The Nakdong River basin is situated in the
monsoon region of South Korea (35-37° N,
127-129° E) as shown figure 1.

KHOA HQC KY THUAT THUY LQ'l VA MOI TRWONG - SO 46 (9/2014)
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Figurel. Location of study are

This region is characterized by heavy rainfall
in the monsoon season in early summer from
June to August. This is one of four major river
systems in Korea, serves as an important water
resource for the southeastern area. The river
drains an area of 23,817 km2 and length of the
main stream is over 525 km. The annual mean
precipitation across the river basin is about
1200mm, but more than 60% of the annual
rainfall is concentrated during the summer
season (June—August). The mean air temperature
is 2.2°C during the coldest month (January) and
25.9°C in the warmest month (August). Currently,
about 7 million people reside within the basin
and more than 13 million people intake a
drinking water from the river. Data used in this
study include meteorological data during 1980-
200 was used in this study which include data of
precipitation at weather stations in Nakdong
river basin. In this study the Daegu station data
was applied to simulate for basin

3. METHODOLOGY

The ARIMA models presented in this paper
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are based on the Standardized Precipitation
(SPI) as drought index. In the present study, SPI
is used as drought index, due to its several
advantages as following. (i) Plotting a time
series of months against SPI gives a good
indication of the drought history of a particular
station. (ii) The primary reason is that SPI is
based on rainfall alone, so that drought
assessment is possible even if other hydro-
meteorological measurements are not available.
(iii)) The SPI is also not adversely affected by
topography because it do not need to input this
factor, and adversely affected by topography
changes is expressed in rain stations. (iii) The
SPI is defined over various timescales; this
allows it to describe drought conditions over a
range of meteorological, hydrological and
agricultural applications. (iv) The fourth advantage
of SPI comes from its standardization, which
ensures that the frequencies of extreme events at
any location and on any time scale are
consistent, which are discussed by Hayes et al
[4]. The SPI is defined over various timescales;
this allows it to describe drought conditions
over a range of meteorological, hydrological
and agricultural applications. The Standardized
Precipitation Index (SPI) is an index based on
the probability of precipitation for any time
scale, and can be computed for different time
scales, can provide early warning of drought
and help assess drought severity levels. Drought
classification levels based on SPI that show in
table 1. SPI determination method, the Standardized
Precipitation Index (SPI) is computed by fitting

a probability density function to the frequency
distribution of precipitation summed over the
time scale of interest. The SPI was developed by
McKee et al [10-11] with the purpose of
identifying and monitoring local droughts. This
is performed separately for each month and for
each location in space. Each probability density
functions in then transformed into a standardized
normal distribution. The gamma distribution is
defined by its probability density function as
given in Equation (1):
1 x“ e’ forx>0
pT(a)
where: >0 is a shape factor, >0 is a scale
factor, and x>0 is the amount of precipitation.
I'(a) is the gamma function. The resulting
parameters are then used to find the cumulative
probability of an observed precipitation event
for the given month or any other time scale
using equation (2)

G(x) = I g(x)dx 2

Since the gamma function is undefined for
x = 0 and a precipitation distribution many

g(x) = (1

contain zeros, the cumulative probability
becomes as given in equation (3):
Hx)=u+(1-u)G(x) (3)

where: u is the probability of zero
precipitation. The cumulative probability, H(x)
is than transformed to the standard normal
random variable Z with mean zero and variance
once, which is the value of SPI as shown this
equations (4) and (5):

2
Z=SP= k- SrORTOR Ly H( <05 @)
1+d, +d,k” +d;k
2
Z=SP1=4| k- CFORTOl L o H <05 (5)
l+d, +d,k” +d;k
where:
1
k=_|In(—— or 0 < H(x)<0.5
(H(x)z) fe (x)
1
k=_|In(——— 05<H(x) <1
\/(I—H(x)z) for (x)

And, co=2.515517, ¢;=0.802853, ¢c,=0.010328, d; = 1.432788, d, = 0.189269, d;=0.001308
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Table 1. Drought classification levels based

on SPI index
SPI Values Drought levels
2.0+ extremely wet
1.5 to 1.99 very wet
1.0 to 1.49 moderately wet
-0.99 to 0.99 near normal
-1.0to -1.49 moderately dry
-1.5t0-1.99 severely dry
-2 and less extremely dry

ARIMA model is Auto-Regressive (AR) models
be effectively coupled with Moving Average
(MA) models to form a general and useful class
of time series models called autoregressive
moving average models. In these, (AR) to order
p and MA to order q and operates on dm
difference of the time series. ARIMA method,
the acronym ARIMA stands for "Auto-Regressive
Integrated Moving Average" Lags of the
differenced series appearing in the forecasting
equation are called "auto-regressive" terms, lags
of the forecast errors are called "moving
average" terms, and a time series which needs to
be differenced to be made stationary is said to
be an "integrated" version of a stationary series.
ARIMA models are, in theory, the most general
class of models for forecasting a time series
which can be stationarized by transformations
such as differencing and logging. However, in
fact that the time series data are most of non-
stationary characteristic, so how can it become
the stationary time series, and how to identify
this time series data is stationary time series.
ARIMA model is classified as an "ARIMA(p,d,q)"
model, where: p is the number of autoregressive
terms, d is the number of differences, and q is
the number of lagged forecast errors in the
prediction equation. The first (and most
important) step in fitting an ARIMA model is
the determination of the order of differencing
needed to stationarize the series. Second, the
steps of identifying the orders of AR(p) or
MA(q) terms are essential, so after a time series
has been stationarized by differencing, the next
step in fitting an ARIMA model is to determine
whether AR(p) or MA(q) terms are needed to
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correct any autocorrelation that remains in the
differenced series. By looking at the autocorrelation
function (ACF) and partial autocorrelation
(PACF) plots of the differenced series. Finally,
values of time series are forecasted by model
that is selected with good agreement. All the
special mathematic functions of ARIMA method
was made by coding source based on MATLAB
language to simulate the time series data. After
methods of SPI and ARIMA model were
performance, the main goal of study is obtained
based on the overall implementation that is
combined both of SPI index and ARIMA model
to drought simulating in study area. SPI index
were determined based on monthly rainfall time
series of 30 years with periods of 1980-2009 at
Daegu station, and the SPI is applied on basis
with scale of 12 months. Firstly, the standardized
precipitation index (SPI) index values were
determined from rainfall time series, which are
then used as a drought indicator for drought
forecasting due to its many advantages
compared to other drought indices. Secondly,
the Autoregressive Integrated Moving Average
(ARIMA) model in drought will simulate of the
standardized precipitation index that has been
investigated using the correlation methods of
Box and Jenkins and the AIC structure selection
criteria. Finally, The ARIMA model is developed
to forecast drought to give reasonably good
results for SPI series of 12-months that is
selected for suitable candidate model.

4. Results

The results determined for SPI12 as shown in
Figure 2. Results of the SPI12 assessment
revealed that the years of 1990, 1992 represented
severely dry (—1.5< SPI <-2) and double of
consecutive years of 2000-2001, 2003-2004,
2008-2009 represented extremely dry conditions
with (=2 < SPI <-3) in SPI index. Then, this
time series model development consists of three
stages identification, estimation, and forecasting
check. The mode identified for SPI12 is ARIMA
with period from 1980 to 2009. Model
implementation obtained eight of models as
ARIMA (p,d,q) = (0,1,1); ARIMA(p,d,q) = (0,1,2);
ARIMA(p,d,q) = (1,1,0); ARIMA (p,d,q) = (1,1,1);
ARIMA(p,d,q) = (1,1,2); ARIMA (p,d,q) = (2,1,0);
ARIMA(p,d,q) = (2,1,1); ARIMA (p,d,q) = (2,1,2).
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Table 2.2. The result of model parameters

Finally, after summary and results of
ARIMA model calibration, a model was fitted

Models AIC |RSquare Model | {5 determine the best model out of these
SElEEED candidate models as ARIMA (p,d,q)=(2,1,2)
ARIMA(p,d,q) - 053 with the minimum of Akaike Information
=(0,1,1) 0.6752 ’ Criterion (AIC) condition as shown in Figure 3,
ARIMA(p,d,q) _ 0.70 and alternative ARIMA models were identified
=(0,1,2) 1.1573 : by considering the ACF graph of the SPI series
as shown in Figure 4, the normal probability
ARE\EIIA l(p(;;i,q) 1 1;“0 0.69 plot and scatter of actual SPI values versus
2 : forecasted values shown in Figure 5, 6. Results
ARIMA(p,d,q) - 071 showed a fairly good agreement between
= (1,1,1) 1.1721 . observations and forecasts, as it has also been
ARIMA(p,d,q) - 0.76 Candidat | confirmed by the values of some performance
=(1,1,2) 1.2652 ’ e models | indices as shown in Figure 7.
ARIMA(p,d - T
A 1(?6) Q) | 1ggo| 072 9 MW/WMVA VWAVAH/A i /”\AM M(W\\ ﬁm g WF
ARIMA(p,d,q) | - 0.7 ‘ V ]
=(2,1,1) 1.1865 ) R "“’“ii;:‘gfm‘i“’;(ﬁi““""”;"“""’w S
ARIMA(p.d,q) - 0.74 Figure 2. SPI of time scale 12 months at
=(2,1,2) 1.2180 ' Daegu station
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Figure 3. Result simulation for residuals from
ARIMA(2,1,2) for SPI
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Figure 5. Normal probability plot of the residuals
SPI actual with forecasted using best ARIMA models
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Figure 4. Result simulation for autocorrelation
of residuals (ACF) of SPI time series

Forecasted values

Observed values

Figure 6. Compared of SPI actual with
forecasted using best ARIMA models
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Figure 7. SPI index simulated by using the best ARIMA models

5. Conclusion

Drought is a natural hazard temporarily
affecting almost every region in the world. The
main target of this study is to provide method to
warn and techniques development for drought
characterization and for enhanced management
of water resources systems during drought
periods. Like many other river basins forecasting
drought is very importance for water resources
planning and management in Nakdong river
basin. This study was focused on drought
warning using SPI as a drought indicator. The
SPI is used due to its lot of advantages over other
drought indices and it used to quantify most type
of drought. Results of the SPI12 assessment
show that the years 1990, 1992 represented
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Tém tit:
NGHIEN CUU CANH BAO HAN HAN SU DUNG MO HINH ARIMA CHO LUU VUC
SONG NAKDONG CUA HAN QUOC

Xu huong han han ngay mot tang va tac dong tiéu cuc cua no ngay mot lon do tac dong cuc
doan ciia s biét doi khi hdu trén toan cdu trong twong lai, ddc biét trén cdc heu viec séng va diéu
do dang la thach thirc nghiém trong Iém cho tdt ca cac nha quan Iy tai nguyén nude trén thé gidi
dang phai doi mat. Viéc nhdn biét va danh gid dwoe mirc @6 han han sém hon c6 thé givp nha quan
by co chién luoc trong viéc giam thiét hai mot cach dang ké trong luu viee. Vi thé, muc dich chinh
trong nghién citu nay la cung cdp phwong phdp danh gid va canh bdo sém han han béi viéc sir
dung mé hinh “Tuw hoi quy tich hop trung binh triegt (ARIMA)”. Trén co s& sé liéu mwa trong lheu
viee, chudi chi sé dang thity chudan (SPI) dwoc xdc dinh, sau dé mé hinh dé dp dung chudi chi sé nay
danh gid va canh bdo han han tai luu vuc song. Nhitng két qud canh bao som duwoc sw dung tir viéc
chon bo thong s6 cho mé hinh tot nhdt sau khi mé hinh da dwoc kiém dinh va so sach véi so6 lidu
thuc té, va da chi ra hop Iy voi 6 liéu thue do. Do dé mé hinh c¢é thé sir dung duoc sir dung ae
danh gid va canh bdo han han mét cdach chinh xdac va hop 1y. Thém vao dé, két qua ciia nghién ciiu
ciing da chi ra dwoc mirc dj cua hai han rc%ng tai cac nam 1990, 1992 xay ra han nghiém trong, tai
nhom cua hai nam lién tlép nhuw 2000-2001, 2003-2004, 2008-2009 da xday ra mirc do cuc han
trong luu vue nghzen ciru. Két qua nghzen clru cung cap mgt phirong phap hitu ich cho nguoi quan
Iy ¢6 cdi nhin chién lwoc dé giam thiéu han han, diéu do cé thé givp giam thiét hai do han gdy ra
mét cach dang ké, va dwa ra cdc chinh sach hop Iy quan Iy tai nguyén nude trén cdc luu viee song.

Tir khéa: M6 hinh ARIMA, chi sb SPIL, danh gia, du bao luu vuc song Nakdong.
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