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Abstract 
In recent years, the impacts of climate change on water resources are much more noticeable. In terms 
of sustainable management of water resources, it is important to identify drought occurrences in river 
basins and to identify drought trends. For this purpose, many drought indices have been developed 
in order to define the droughts quantitatively and Streamflow Drought Index (SDI) method is 
frequently used to determine the hydrological droughts among them. In this study, hydrological 
droughst of on Acısu, Selendi, Deliiniş, Demirci sub-basins and incoming total runoff to Demirköprü 
Dam reservoir on the Gediz River were analyzed in monthly, quarterly, six-month and annual time-
scales. The total inflows of Demirköprü Dam reseroir trends were investigated at same time scales.As 
a result of the study, it was determined that the all sub-basins runoff and incoming total runoff to 
Demirköprü Dam reservoir were affected from hydrological droughts for long periods and trends of 
incoming runoff to Demirköprü Dam reservoir were towards the dry periods. 
Keywords: SDI; hydrological drought; trend analysis; Demirköprü Dam; Gediz basin 

 
Öz 
Son yıllarda, iklim değişikliğinin su kaynakları üzerindeki etkileri çok daha belirgin bir biçimde ortaya 
çıkmaktadır. Su kaynaklarının sürdürülebilir yönetimi açısından, nehir havzalarındaki kuraklık 
olaylarını ve kuraklık eğilimlerini tanımlamak büyük önem taşımaktadır. Bu amaçla, kuraklıkları 
niceliksel olarak tanımlamak için birçok kuraklık endeksi geliştirilmiştir ve bilhassa hidrolojik 
kuraklıkları belirlemek amacıyla Streamflow Drought Index (SDI) yöntemi sıkça kullanılmaktadır. Bu 
çalışmada Gediz Nehri'ndeki Acısu, Selendi, Deliiniş, Demirci havzaları ve Demirköprü Baraj 
rezervuarındaki hidrolojik kuraklık ve eğilimleri aylık, üç aylık, altı aylık ve yıllık zaman ölçeklerinde 
incelenmiştir. Çalışma sonucunda, Demirköprü Barajı havzası girişlerinin uzun süre hidrolojik 
kuraklıklardan etkilendiği ve kuraklık analizlerinin kurak dönemleri işaret ettği tespit edilmiştir. 
Keywords: SDI; Hidrolojik kuraklık; eğilim analizi; Demirköprü barajı; Gediz havzası 
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1. Introduction 

Droughts, often caused by deforestation, 
urbanization and similar factors, related to 
changing climate conditions and population 
growth [1, 2]. The meteorological drought, which 
is defined as the lack of the precipitation over the 
long-term averages, will lead to decreases in the 
stream runoff as a result of the continuation of a 
certain period of time, and hydrological drought 
will occur. In other words, hydrological drought 
can be defined as decreases in runoff in surface 
and groundwater forms [3]. Hydrological 
droughts have a significant negative impact on 
socio-economic life as given rise to restrictions 
especially on agricultural irrigation, decreasing 
energy production and water supply [4]. 
Characterization of hydrological droughts 
occurring in the basin is important for reducing 
these impacts and sustainable water resources 
management [5]. Hydrological drought indices 
have been developed in order to determine 
duration and magnitude intensity of droughts in 
basin runoff such as, Streamflow Drought Index 
(SDI), Surface Water Supply Index (SWSI), 
Reclamation Drought Index (RCDI) and 
Nonlinear Multivariate Drought Index (NMDI) 
[6, 7, 8, 9]. The SDI method examines droughts 
based on different time scales and requires only 
monthly runoff data; therefore, reduces 
computational difficulties and data 
requirements and gives powerful assessing at 
basin-drought [6, 10, 13].  

Many studies have been carried out worldwide 
due to the fact that the SDI method can be 
applied to hydrological droughts at different 
time periods (1, 3, 6, 9, 12 and 24 months) [10, 
11]. The hydrologic droughts occuring in the 
Sefid-Rud basin have been determined by SDI 
during the seasonal, 6-months and annual 
periods between 1984 and 2013 water years 
[12]. The hydrological droughts of Seyhan-
Ceyhan rivers have been investigated on 
between the years 1970-2005 in 3, 6 and 12 
months periods using with SDI. As a result of the 
study, severe hydrological droughts occurred in 
the basins in 2001 [13].  

The water scarcity significantly will occur in 
Gediz River Basin on supplying of irrigation 
water. Approximately 90% of the Gediz basin 

irrigation area is covered by the Demirköprü 
Dam reservoir located on the Gediz River, 
Turkey. Therefore, the hydrological droughts 
occurring in the basin streams feeding the 
Demirköprü dam reservoir significantly affects 
supply of Gediz Basin irrigation water 
requirements. This study covers the 
determination of the hydrological drought and 
trend analyses incoming total runoff to 
Demirköprü Dam reservoir between 1970-2007 
water years. Hydrological droughts and trends of 
incoming runoff to Demirköprü Dam reservoir 
were examined on monthly, quarterly, semi-
annual and annual timescales using the SDI 
method and Mann-Kendall test, respectively. 

2. Materials and Methods 
2.1. Study area and data 

The Gediz Basin lies between northern latitudes 
of 38004’–39013’ and southern longitudes of 
26042’–29045’ in Aegean Region, western 
Turkey (Figure 1). The basin covers an area of 
17500 km², which is equal to 2.2% of the total 
area of Turkey and the total irrigation area is 
110000 ha. The Gediz River, is 275-kilometer 
long. The Demirköprü Dam was built on the 
Gediz River in Manisa Province of Turkey 
between 1954 and 1960, in an effort to enhance 
irrigation, power generation, and flood control 
activities. The height of this embankment dam 
from the streambed is 75.00 m. The 
hydroelectric power plant built in the dam 
generates 193 GWh electric power annually with 
a capacity of 69 MW. Lying between 28° 18' – 28° 
28' eastern longitudes and 38° 36' – 38° 45' 
northern latitudes, the Demirköprü Dam 
reservoir also provides water for the irrigation 
of 99.220 hectares. With the reservoir catchment 
that covers an area of 5520 km2, that constitutes 
32% of all Gediz basin. Demirköprü Dam 
reservoir is fed by Acısu, Selendi, Deliiniş and 
Demirci tributaries of the Gediz River (Figure 1) 
and the number of runoff gauge stations on these 
tributaries are 523, 514, 515, 522, respectively. 
Among these, Acısu Tributary has the biggest 
catchment area with 3272 km2. The smallest 
catchment area, however, belongs to Selendi 
Tributary with 689.6 km2 hectares [18].  
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Fig. 1. Gediz River Basin and the Demirköprü Dam Reservoir 

 

2.2. Streamflow Drought Index (SDI) 

Periodical drought indices of the streams in 
question were measured using the SDI 
developed by Nalbantis [6]. The SDI indices are 
calculated by Eq.1 in consideration of total 
monthly streamflow values. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑘𝑘 =
𝑉𝑉𝑖𝑖,𝑘𝑘 − 𝑉𝑉𝑘𝑘

𝑆𝑆𝑘𝑘
 (1) 

where, "i" is equal to the water year, "k" refers to 
the period (monthly, quarterly, semiannual and 
annual), Vi,k total monthly flow volume 
(m3/month), 𝑉𝑉𝑘𝑘 is the mean and Sk is the 
standard deviation of the total streamflow of the 
kth period.  

If cumulative streamflow data corresponds to a 
distribution such as log-normal distribution, the 
SDI values are calculated by taking the natural 
logarithms of the cumulative streamflow data 
[6]. Suitable probability functions for the runoff 
data are investigated using several goodness-of-
fit test and thereby the Normal distribution is 
chosen as the best one among the successful 
distributions in this study. The hydrological 
droughts of all sub-basins runoff and incoming 
total runoff to Demirköprü Dam reservoir were 
invetigated at month monthly (SDI1), quarterly 
(SDI3), 6-month (SDI6) and annual (SDI12) time 
scales in the study. 

 

 

 

Table 1. The claasification of droughts for SDI  

Drought Classes SDI 

Extreme wet (EW) SDI > 2 

Severe wet (SW) 1.5 < SDI ≤ 2 

Moderate wet (MoW) 1.0 < SDI ≤ 1.5 

Mild wet (MW) 0 < SDI ≤ 1 

Mild drought (MD) -1 < SDI ≤ 0 

Moderate drought (MoD) -1.5 < SDI ≤-1 

Severe drought (SD) -2 < SDI ≤-1.5 

Extreme drought (ED) -2 ≤ SDI 

2.3 Mann-Kendall Test  

In the study, The Mann-Kendall test was used for 
defining the trends for total incoming runoff to 
Demirköprü Dam reservoir. The Mann-Kendall 
test has a non-parametric nature. This test is 
applied to xi and xj data sets, ordered as i=1,2,…, 
N-1 and j=i+1,…,N, respectively. Each ordered xi 
figure is taken as a point of reference and figures 
are compared with the xj data set using Eq.2. 

𝑠𝑠𝑠𝑠𝑠𝑠�𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖� = �
1 ; 𝑥𝑥𝑗𝑗 > 𝑥𝑥𝑖𝑖
0 ; 𝑥𝑥𝑗𝑗 = 𝑥𝑥𝑖𝑖
−1 ; 𝑥𝑥𝑗𝑗 < 𝑥𝑥𝑖𝑖

 (2) 

The Mann-Kendall test (S) statistics are 
calculated using Eq.3., with the help of the results 
to be obtained through Eq.3. 
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𝑆𝑆 = � � 𝑠𝑠𝑠𝑠𝑠𝑠�𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖�
𝑁𝑁

𝑗𝑗=𝑖𝑖+1

𝑁𝑁−1

𝑖𝑖=1

 (3) 

For N≥8, S shows normal distribution with an 
average (E[S]) and variance (Var(S)) same as 
those calculated with Eq.4 and Eq.5. However, if 
N≥30, z test value will be closer to t test [15].  

 

𝑬𝑬[𝑺𝑺] = 𝟎𝟎  (4) 

𝑽𝑽𝑽𝑽𝑽𝑽(𝑺𝑺) =
𝑵𝑵(𝑵𝑵 − 𝟏𝟏)(𝟐𝟐𝑵𝑵 + 𝟓𝟓) − ∑ 𝒕𝒕𝒊𝒊(𝒕𝒕𝒊𝒊 − 𝟏𝟏)(𝟐𝟐𝒕𝒕𝒊𝒊 + 𝟓𝟓)𝑷𝑷

𝒊𝒊=𝟏𝟏
𝟏𝟏𝟏𝟏  

 
(5) 

where, the number of relative groups in P data 
set refers to an observation in the i series. The 
term "total" in Eq.5 is only used if a relative 
observation exists within the data set. The 
standardized Mann-Kendall statistics (z) are 
calculated by Eq.6. 

𝑧𝑧 =

⎩
⎪
⎨

⎪
⎧

𝑆𝑆 − 1
�𝑉𝑉𝑉𝑉𝑉𝑉 (𝑆𝑆)

; 𝑆𝑆 > 0

0 ; 𝑆𝑆 = 0
𝑆𝑆 + 1

�𝑉𝑉𝑉𝑉𝑉𝑉 (𝑆𝑆)
; 𝑆𝑆 < 0

 (6) 

A significance level α is used for testing either an 
upward or downward trend. An absolute value of 
z is higher than zα/2 at α significant level also 
indicates a trend. A negative z value means that 
the trend is downward, while a positive (+) one 
refers to an upward trend. Significant trends of 
total incoming runoff at different timescales 
were determined at 0.05 level of α. 

3. Results and Discussion 

In the study, hydrological droughts for all sub-
basins runoff and incoming total runoff to 
Demirköprü Dam reservoir and the trends of 
total incoming runoff were discovered at 
different  time scales in the period between the 
1970 to 2007 water years. The distributions of 
SDI for only monthly timescale for investigated 
period are given in Figure 2. Quarterly, 
semiannual and annual SDI time series between 
1970 and 2007 water years are shown in Figure 3. 

Considering the SDI1, SDI3, SDI6 and SDI12 of 
the sub-basins runoff and incoming total runoff 
to Demirköprü Dam reservoir, the drought 
events occurred more frequently in period of 
1985 and thereafter especially between 1985-
1995 water years. The variation of SDI values for 
all examined timescales demonstrate that the 
extreme wet event is happened, but the extreme 
drought event is not seen between 1970-2007 
water years. The highest severe drought events 
for incoming total runoff of dam reservoir were 
occurred May 1989 and June 2001 for SDI1, in 
April-June 1984 for SDI3, in April-September 
1984 for SDI6 and in 1989 water year for SDI12 
(Fig.2 ,Fig. 3). The durations of drought period 
and significant trends of incoming total runoff to 
dam reservoir are shown in Table 2. The longest 
drought duration is observed in November 
between 1985-2009 water years for SDI1, in 
October-December between 1985-1997 water 
years for SDI3, in October-March between 1988-
1997 and in April-September between 1985-
1994 for SDI6 and between 1988-1997 water 
years for SDI12. The trends of the incoming total 
runoff to dam reservoir have downward trends 
in October, November, January, June, July, August 
and September and the other months of SDI1 
have shown no trend. When trends in SDI3 
periods total runoff are examined, it is seen that 
there are downward trends in October-
December and July-September periods and no 
trend in other periods. The incoming total runoff 
trends are identified in SDI6 as a downward 
trend for both semi-annual periods, in SDI12 has 
a downward trend  
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Fig.2. Monthly SDIs time series between 1970 and 2007 water years for 514, 515, 522, 523 and total 
runoff of Demirköprü Dam Reservoir 

 

 

 



DEÜ FMD 22(66), 793-800, 2020 

798 

 

 
Oct-Nov-Dec 

 
Apr-May-Jun 

 
Jan-Feb-Mar 

 
Jul-Aug-Sep 

O-N-D-J-F-M A-M-J-J-A-S 

O-N-D-J-F-M- A-M-J-J-A-S 

Fig.3. Quarterly, semiannual and annual SDI time series between 1970 and 2007 water years for the 
stations 514, 515, 522, 523 and total runoff of Demirköprü Dam Reservoir 

Table 2.Monthly, quarterly, semi-annual and annual timescales drought periods and trends of the 
incoming total runoff to Demirköprü Dam Reservoir 

Months 

SDI1 SDI3 SDI6 SDI12 

Oct. Nov. Dec. Jan. Feb. Mar. Oct. –
Dec. 

Jan. –
Mar. 

Oct..-
Mar. 

Oct.-
Sep.r 

Drought 1999-
2007 

1985-
2005 

1992-
1997 

1971-
1977 

1988-
1994 

1987-
1995 

1989-
1992 

2001-
2004 

1985-
1997 

1988-
1997 

1988-
1997 

1988-
1997 

Max 
Length 

9 
years 

19 
years 

6 
years 

7 
years 

9 
years 

4 
years 

13 
years 

10 
years 

10 
years 

10 
years 
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Trend 
(α=0.05) ↓ ↓ ↓ → ↓ → ↓ → ↓ ↓ 

Months Apr. May June July Aug. Sep. Apr.-
June 

July-
Sep. 

Apr.-
Sep. 

 

Drought 1985-
1994 

1985-
1992 

1987-
1997 

1993-
1998 

1998-
2007 

1987-
1995 

1985-
1992 

1992-
1998 

1985-
1994 

 

Max 
Length 

10 
years 

8 
years 

11 
years 

6 
years 

10 
years 

9 
years 

8 
years 

7 
years 

10 
years 

 

Trend 
(α=0.05) → → ↓ ↓ ↓ ↓ → ↓ ↓  

Figure 4 shows that the wet and drought events 
frequencies of incoming total runoff to 
Demirköprü Dam reservoir between 1970-2007 
water years. The highest drought frequency level 
is observed to be 68%, 66%, 58%, 58% for SDI1-

November, SDI3 October-December, SDI6 
October-March and SDI12, respectively. The 
drought events are much more happened than 
the wet events according to the all examined 
timescales. 

 
Fig. 4. The frequency of wet and drought events of incoming total runoff to Demirköprü Dam 

Reservoir for SDI1, SDI3, SDI6 and SDI12 timescales 

When the results obtained in the SDI1, SDI3, 
SDI6 and SDI12 timescales are evaluated 
together, it is seen that there are significant 
drought periods especially at between 1988-
1997 water years and downward trends in the 
the incoming total runoff to the Demirköprü dam 
reservoir basin. Hydrologic drought, which 
started in 1985 on a monthly timescale in 
Demirköprü dam basin runoff, were occured in 
the 3-month, 6-month and annual timescale 
droughts in 1988 and continued until 1997. The 
impact of this drought caused the changes in the 

operating plans of the dam to restricted 
irrigation of the 99000 ha area that supplied 
water from the Demirköprü dam reservoir [16, 
17]. 

4. Conclusion 

In this study, hydrological droughts for all runoff, 
with by SDI method, and the trends of incoming 
total runoff to Demirköprü Dam reservoir are 
found out at 1, 3, 6 and 12 month time scales in 
period between 1970 to 2013 water years for the 
Demirköprü Dam reservoir basin runoff, Turkey.  
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According to the 1, 3 6 and 12 months timescales 
SDI indices hydrological drought seasons are 
more prevalent, and incoming runoff to 
Demirköprü Dam reservoir trends show a trend 
to the dry periods within the investigated period. 
All these data and information about the runoff 
feeding important reservoirs for both irrigation 
and power generation indicate an alarming 
situation in sustainable management of these 
facilities. The frequent hydrological drought 
seasons that have occurred within the past years 
may decrease the level of waters in reservoirs 
used for irrigation and power generation, 
therefore affect the variety and quality of 
agricultural products. As a result, this kind of 
studies should be furthered as they may provide 
significant guidance to the partners involved in 
decision and policy-making processes about 
reservoirs and water management measures.   

References 
[1] Oloruntade, A., J., Mohammea, T., A., Ghazali, A., H., 

Wayayok, A., 2018. Analysis of meteorological and 
hydrological droughts in the Niger-South Basin, 
Nigeria. Global and Planetary Change, 155, 225-233. 

[2]  Ortega-Gomez, T., Perez-Martin, M., Estrela, T., 2018. 
Improvement of the drought ,indicators system in 
the Jucar River Basin, Spain. Science of the Total 
Environment, 610-611, 276 – 290. 

[3] Ma, F., Yuan, X., Ye, A., 2015. Seasonal drought 
predictability and forecast skill over China, J. 
Geophys. Res.-Atmos., 120, 8264–8275  

[4] Wu, Z., Xu, H., Li, Y., Wen, L., L, J., Lu,. G., Li, X., 2018 
Climate and drought risk regionalization in China 
based on probabilistic aridty and drought index. 
Science of the Total Environment, 612, 513-521. 

[5] Estrela, T., Vargas, E., 2012. Drought managements 
plans in the European Union. The case of Spain (Eds). 
Water Resour. Manag. 26 (6):1537–1553. 

[6] Nalbantis I. 2008. Evaluation of a hydrological 
drought index. Eur.Water 23: 67–77. 

[7] Tsakiris G, Vangelis H., 2005. Establishing a drought 
index incorporating evapotranspiration. Water, 
9/10:3-11. 

[8] Tsakiris G, Pangalou D, Vangelis H. 2007b. Regional 
drought assessment based on the reconnaissance 
drought index (RDI). Water Resour Manage;21:821–
33. 

[9] Yang, J., Chang, J., Wang, Y., Li, Y., Hu, H., Chen, Y., 
Huang, Q., Yao, J. 2018. Comprehensive drought 
characteristics analysis based on a nonlinear 
multivariate drought index. J.of Hydrology, 557, 651-
667. 

[10] Monacelli G., Galluccio M. C., Abbafati M. 2005. 
Drought Within The Context Of The Region V. Italian 
Agency for Environmental Protection and Technical 
Services (APAT), Hydrology and Inland Waters 
Service. 

[11] Wu, Z., Xu, H., Li, Y., Wen, L., L, J., Lu,. G., Li, X., 2018. 
Climate and drought risk regionalisation in China 

based on probabilistic aridty and drought index. 
Science of the Total Environment, 612, 513-521. 

[12] A Arabzadeh, R., Kholoosi, M. M., Bazrafshan, J., 2016. 
Regional hydrological drought monitoring using 
principal components analysis. Journal of Irrigation 
and Drainage Engineering, 142 (1), 04015029. 

[13] Gümüş, V., Algin, H. M., 2017. Meteorological and 
hydrological drought analysis of the Seyhan-Ceyhan 
River Basin, Turkey. Meteorological Applications, 24, 
62-73. 

[14] Harmancioğlu, N. B., Fedra, K., Barbaros, F. 2008. 
Analysis for sustainability in management of water 
scare basins: the case of the Gediz River Basin in 
Turkey. Desalination, 226 (1-3), 175-182. 

[15] Hirsch, R. M., Slack, J. R., Smith, R. A. 1982. 
Techniques of trend analysis for monthly water 
quality data, Water Resources Research, 187, 107-
121. 

[16] Svendsen, M., Murray-Rust, D. H., Harmancioğlu, N., 
Alpaslan, N., 2005. Governing Closing Basins: the 
Case of the Gediz River in Turkey. Irrigation and 
River Basin Management: Options for Governance 
and Institutions, CABI Publishing, ch 11, M. Svendsen 
[ed.]. 193-213. 

[17] Murray-Rust H., Alpaslan, N., Harmancioglu, N., 
Svendsen, M., 2003. Growth of water conflicts in the 
Gediz Basin, Turkey. 
(http://afeid.montpellier.cemagref.fr/Mpl2003/Con
f/ MurrayRust.pdf) (Dec. 12, 2018). 

[18] Gorguner, M., Kavvas, M. L., Ishida, K., 2019. 
Assessing the impacts of the future climate change on 
the hydroclimatology of The Gediz Basin in Turkey 
by using dynamically downscaled CMIP5 projections. 
Science of the Total Environment, 648, 481-499. 


	*Manisa Celal Bayar Üniversitesi Mühendislik Fakültesi İnşaat Mühendisliği Bölümü, Manisa, TÜRKİYE
	Abstract
	Öz
	𝑽𝒂𝒓𝑺=𝑵𝑵−𝟏𝟐𝑵+𝟓−𝒊=𝟏𝑷𝒕𝒊𝒕𝒊−𝟏𝟐𝒕𝒊+𝟓𝟏𝟖
	𝑬𝑺=𝟎
	1. Introduction
	2. Materials and Methods
	2.1. Study area and data
	2.2. Streamflow Drought Index (SDI)
	2.3 Mann-Kendall Test
	(4)
	(5)
	3. Results and Discussion

