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ON USE OF DROUGHT INDICES IN MODELLING HYDROLOGICAL
PROCESSES

Assoc. Prof. Ph.D. 1. Semenova
Assoc. Prof. Ph.D. V.Ovcharuk
Prof. Dr. J. Shakhirzanova

(dessa State Environmental University, Ukraine

ABSTRACT

the study considers possibility of use of the drought index SPEI (Standardized
Precipitation Evapotranspiration Index) in the analysis and modeling of hydrological
processes in the southern Ukraine. The SPET of various time scale was analyzed for the
period of 1950-2010 in the Steppe zone of Ukraine. Time series of the SPEI at scales
from 12 10 24 months have an inverse trend in West and East Steppe. In West Steppe
the driest period oceurred in the two fatest decades. On the contrary, in the East Steppe
more droughts were observed in the decades of 1950-1970. Statistical relationship
hetween the SPEI of different time scales and some phases of the Southern Bug river
llow has been estimated for the period of 1950-2010.

keywords: Standardized Precipitation Evapotranspiration Index, runoff, drought. high-
amd low-water phase

INTRODUCTION

\ new drought index — the standardized precipitation-cvapotranspiration index (SPEI),
wiggested by Vicente-Serrano et al. [9.10]. is similar to the well-known index — §P7
(the standardized precipitation index). implemented by Wedee [7] and recommended by
the WMO [11] for drought monitoring. Calculation of the SPET is based on monthly
precipitation data and potential evapotranspiration data, which depend on temperature.
I'emperature especially needs to be taken into account in the warm season and under the
plobal warming up process when evapotranspiration increases.

I'he main feature of the SPEI calculation is the use of difference (D) between monthly

juecipitation amount (R) and potential evapotranspiration (PET) instead of precipitation
wnount:

B =R, —PET, (n

where 7 is an index number of an analyzed month.

{lus expression is a simple scheme of water balance of the vertical soil column, from
the surface to the depths. where moisture exchange ceases [9]. Although the expression
1) doesn’t account for moisture exchange of the soil with the underiying layers. this
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expression is satisfactory to take into account impact of temperature conditions i
total moisture.
Since the PET definition is a complicated problem. where it is assumed to use the
on moisture content in the air and the soil. temperature regime of the soil suf
radiation fluxes in the surface air laver etc., therefore authors of the SPEI a
Thornthwaite’s (1948) method [8]. It made the new index much the same sensili
the soil moisture content as the Drought Severity Index [1, 10].

DATA AND METHODOLOGY

The procedure of calculation of the SPEI includes transformation of D time series
the use of a three-parameter log-logistic probability distribution. Probabilities obly
are normalized in the SPED for a possibility of comparison with similar variah
various areas and at difTerent time interval.

Intensity of drought can be defined by the SPEI values given in table 1.

Table | - Drought criteria according to the SPET

‘_ ~ SPEI value

0.99 < SPEI < 0,00

Category of drought

Near normal (weakly dry)

1.49 = SPEI < -1.00 Moderately dry
199 = SPEF <-1.50 ) Severely dry
SPEI = -2.00 |- Extremely dry 3

For calculation of the SPI the time series of precipitation should not be less than
years, Since Standardized Precipitation Evapotranspiration Index is associated with
probabilities in the case of each certain site. the probability of occurrence of droy
various severity can be defined. The beginning of a drought can be determined when
value of the SPI wrns below -1.0 and the end of a drought occurs as the index
positive. The drought intensity is calculated as a sum of all the SPI values dup
drought period.

The SPEIL is defined for various time intervals, One month step (SPEI 1) means that
calculation of the index only one-month precipitation data are used because the SPH
time distribution is similar to month precipitation amount one. For caleulation of
SPEL 3 three-month precipitation data for sequential months (current and two prey
months) are used. Notably. the SPEI 3 shows short- and medium-range conditiofn
moisture and provides scasonal assessment of precipitation. therefore time soaly
widely used for detecting agrometeorological drought. The time scale of the SPL
and the higher ones describe general conditions of moisture during long-term petl
which are a characteristic feature of hydrological droughts [S]. [6].

S04
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Il correlation relationship between hydrological droughts and water content of the
deer ol T were studied for the Southern Bug and the Ingulets (the Western Steppe),
40 wellus the Seversky Donets and the Krynka (the Eastern Steppe). Runoff of the main
(il of water regime, spring flood, winter and summer-autumn low-water, as well as
coan oot are considered. Statistical relationship between the SPEI index and runoff
piniicters are estemated by means of the Pearson linear correlation coefficient.

Ui i for analyzing dryness regime by means of the SPEI are obtained from the
{ilalul SPEL database (http://sac.csic.es/spei/database. html), which is based on monthly
jiecipitation and potential evapotranspiration CRU (Climatic Research Unit, University
W1t Anglia) data [10]. The SPEL grid data in a regular grid with a step of 0.5" on the
wile ol 4, 6, 12, 18, 24 months were averaged in the Steppe zone of Ukraine for two
wene the Western Steppe (¢ = 46-48° North, 2-29-34" East), the Eastern Steppe (¢ =
|1 19" North, A=34-40° East).

HESULTS AND DISCUSSION

Aialysis of time series of the SPEI for various time scales shows that for a short time
Wil (6 months) the interchange of dry and moist periods takes place more frequently
W accordance with the features of seasonal precipitation process in the Ukrainian Steppe
ihpiire 1. a. e). For the scales of 12 to 24 months the main periods of droughts were
dnpled out in the late 20™ century and at the beginning of the 21" century. In the
Wetern Steppe 2-3 drought cases were observed in the 1950s and the 1960s (figure 1.
Iiily In the 1970s there registered 1 case of severe drought (1975-1976). It is from 1977
1o 1953 that a period of heightened moisture lasted, following which, according to the
teml thigure 1, e-d), a long dry period began and has extended till the present time. In
il 19905 four drought cases were registered. In the early 21 century, during its first
evnde, three drought cases were observed. with a four-year one of 2006 1o 2010, the
lonprest in the whole series, when the drought reached extreme values. In the Eastern
Sieppe a period of the 1950s 1o the mid-1970s was drier, which established an inverse
temd in comparison with the Western Steppe (figure |, g-h). During the 19505 and the
[0ths 4 drought cases (2 drought cases per each decade) were observed. with the
dionght of 1954 being an extreme one. Two dry periods in the carly 19705 were
fullowed by a period of heightened moisture of similar length in the Western Steppe.
I o the mid-1980s 10 the present time  three droughts have been observed in the
| e Steppe: 1984, 1999 and 2007-2009. In the latter period extreme drought values
were observed as well as in the Western Steppe.

In the territory of the Western Steppe in the period from 1950 to 1967, a low-water
plie was observed in the chronologic setting of the maximum river runoff. Later, with
e periodicity of 4-5 years, it gave place 10 two high-water and one low-water phases,
wlhercupon, sinee 1980 1o the time present, there has been observed a period of low
witer level on the rivers.

tor the minimum runofl. both the summer and the winter ones. from 1950 to 1966,
\liere observed a low-water phase. Then, with the average periodicity of 5-6 years. high-
wnl low-water phases were noticed for a winter minimum runoff. From 1980 to the time
piesent a high-water phase has been observed on the rivers of the studied area.
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Variation of the minimum summer runoff is slightly different — after 1967
prolonged high-water phase of about 30 years can be distinguished. wﬁereupnn. .
the periodicity of about 5-6 years, there have been registered a consecutive change

low-water and 1 high-water phases.

The rivers flowing through the territory of the Eastern Steppe are characteris
abrupt changes in the water level and a greater number of short-term cycles. Ho
as well as for the rivers of the first group. it is possible to notice the long-teri
with a high-water phase. that lasted for the most part till 1971, and a low-water
from 1972 1o 2010,

Tt should be specified that for the description of the processes, which are compl
their nature and are difficult to measure, e.g. floods and high waters, the indig !
quite widely used in Hydrology. As compared to the value characterized by the e
should be measured in a more simple and easy-to-use way.

In particular, as the indices of hydrological values, varying over the river basin a
the time. one can use the data of specific stations, when they show good correlution,

the values generalized for the basin. As an example, it is possible to mention

SSF: : P RRESERRIEIRGRE I p R PECEIUFEFEEEE 2
temperature indices used as predictors for intensity of snowmelt, as well as the (il 114 ;;_, 151 i :,_a iid Z_; ii | ‘ E £ § § ; 1t : g iid ; 14 i} i .
of the precedent moistening. suggested by Linsley and Koler [4] and tater mody h? A =S I
N.F. Befani [2]. that are applied to forecasting rainfall runofT.

Figure 1. Time series of the SPE] for the seales of 6, 12, 18, 24 months for the
Western and the Eastern Steppe

West Steppe East Steppe

wRe | EET Hig ' <hows correlation dependences between the SPE/ index, for various time scales,

e o aid the value of a river runofY in diverse periods with the Oleksandrivka station at the
; | Somthern Bug River (the water catchment area A=46200 km®) taken as an example.

B

e tmporal dynamics of the Pearson coefficient for an annual runoff (R) is given in
fig ' the lowest values are observed for the SPET 1 and the SPEI 2, and the
suttelanon reaches its maximum for the SPEF 23-24. Further increase of the time scale

g3 sifleNECEZRNY ‘ l B Bl 10 slight deerease ip the closeness of links. It is also interesting 1o notice that the
L] | "3¥szRagriji S value R = 0.71 is once again observed for the SPES_48. Given that the hidden
a) ¢) toheity of the annual runoff, calculated according to the integral Fourier
—_— o f— = e wmation [3]. makes up 3.79 vears, this distribution is guite natural.
= SPEL_1 | [ i L

B walysing Fig, 2.b, it should be noticed that for a spring flood there is a completely
Aillerent pattern - the highest closeness of links is reached at the time scale of 3-4
and a further increase in the caleulation period leads to a steady decrease in the
sunclinon coelficient. This situation is quite understandable - the amount of maximum
el tor a spring flood is determined by the snow reserves accumulated over the
wiiter and the rainfall occurring during the flood period, ie. the total amount of
Eu-. ipiation in the solid and the liquid form for the previous 3-4 months. Within the
U

Wit of the studied area, in particular for the Oleksandrivka station at the Southern Bug
Iveioan average long-term date of a maximum spring flood falls on 20 March that
Caplams the greatest value of R=(.60 for the SPE! 3 for March.
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Fig. 2. Correlation between the river runoff and the SPES on the scales of |
months for the Oleksandrivka station at the Southern Bug River

Regularity of these links is well illustrated by Fig. 3. which presents a chre
course of the maximum snow reserves al the beginning of high water period (Sul
the SPEI 3 for March for the Liubashivka station (¢ = 47°50' N, 2=30°15" I), ()

whole, the coherence of main peaks in the course of the studied values is o'mewld;
is conlirmed by the correlation coefficient of B = (.54,

In analyzing the results for a minimum runoff (Fig. 2 ¢, d). it should be noted
during the summer-autumn low water period the observed distribution of the
a whole, is similar to the distribution of the annual runoff. Thus. for the S/*£1
seales of 1-2 months the correlation coefficient values are insignificant in most )
and are of 3 to 48 months R is significant and varies slightly, ranging from 0.55 (w
Apparently, this pattern of links can be explained by the fact that the runoft duriig
summer-autumn low water is mainly determined by the water level for a year, it
can be disturbed by certain rain floods in a summer period. Therefore the mink
runofT in 3 summer months is characterized by the SPE/ 3 for August with R0 871
index values for September and October become significant at the scales from
months and characterize the summer-autumn period as a whole. L
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SPEI_3_Mar

[ ——SPEI_3_Mar v Ki_Smax |

Fig. 3. Time series of the maximum snow reserves at the beginning of spring
Hood and the SPEI 3 for March at the Liubashivka station in the period of 1950-2010.

A« regards the runoff in the winter low-waler, in this case the distribution patiern bears
amilarity to a spring flood, but with a shift toward an increase in seale, where the link
Ivcomes significant for up to 9-12 months. [t is worth noticing that during a winter low
water period the runofl regime is determined mainly by a seasonal subsurface feed.
upplies of which are formed since autumn. but in warm years, which became prevalent
i the latest decade, waters from melted snow and rainfall during winter thaws
constitute a part of this feed. It is evident that such combination of factors results in
lwer coefTicients of correlation (Ru=0.44-0.45) and they are significant at the scales
ul 4 1o 46 months.

Similar results for all the water level phases are also obtained for the rivers in the
leinitory of the Eastern Steppe.

S

CONCLUSIO?

s The analysis of the SPET at the scales of 12-24 months showed that in the
Ilkrainian Steppe in the period of 1950-2010 the inverse trends in distribution of dry
il wet periods were observed in western and eastern regions. On the whole area, the
penod from 1977 to 1983 was notable for heightened moisture. whereupon in the
Western Steppe the frequency and duration of droughts increased as compared o the
peood of 1950-1977, and in the Eastern Steppe the same one, on the contrary
levreased..

e The results, stated in this research, proved possibility of the SPEI index
application for both the low water and the high water periods. In particular, for the
peniod of spring flood the correlation coefficients are obtained at the level of 0.55-0.60,
while for the period of low water they comprise 0.55-0.65,

» Rather high coefficients of correlation between the SPET value and the river
mnofT in its various phases offer the challenge to use the index for modelling
Ivdrological processes.

o Significant correlation between the value of maximum snow reserves by the
bepmnning of high water period and the SPEF-3 makes it possible to recommend this
idex for supra long-term forecasting of maximum runoff during a spring lood.
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OFHIMIZING HYDRO POWER RESERVOIR SYSTEM USING HYBRID
OPTIMIZATION APPROACH
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W IRACT

W puper deseribes a hybrid optimization method for finding the optimal operating
Wiy of o reservoir system with water energy utilization. A hydropower plant, in turn,
| 1 il reservoir storage to turbine free water for energy production, thus avoiding
Lespenses with thermal units. The well-timed allocation of hydro energy resource is
coniplication task, because il water is used in the present period. it will not be
alable i the future. This hydrothermal coordination problem is solved by peak
iy method using the proposed hybrid optimization method. It combines the genetic
swithins with the traditional numerical optimization method. The proposed hybrid
il b been applied on a real hydrothermal system, the Slovak power sysiem,

piwonils: Hydro plant, hydrothermal coordination problem, peak shaving method,
At alparithms, hybrid optimization

. HOnUCTION
[10] Vieente-Serrano S.M.. Begueria S.. Lapez-Moreno 1.1, Angulo M., El Kena
(2010b): A new global 0.5 gridded datasct (1901-2006) of a multiscalar drought
comparison with current drought index datasets based on the Palmer Drought Severity I
/13, Hydrometeorology. V. 11, pp. 1033-1043.

chent seheduling of available energy resources [or satisfying load demands has
v animportant task in modern power systems. For hydrothermal systems, the
el cnergy storage capability of water reservoirs, makes solving load demand
Wi more difficult job than for pure systems.

[11] WMO (2009). Experts agree on a universal drought index to cope with ¢

risk. - WMO Press Release No. 872, Geneva. 15 December 2009, iveliothermal generation-scheduling problem, which is also called the hydrothermal

silittion problem. is a non-linear problem with a high degree of dimensionality,
W and diserete variables and a non-explicit objective function with many
sinints. The solution of the problem has been approached by conventional
liiomaly or heuristic optimization techniques. The use of both approaches is ofien
e with difficulties. The article describes the possibility of solving this problem
4 combination of both the numerical and heuristic approaches.

A TERIALS AND METHODS

ihjective of hydrothermal coordination (HTC) is to determine the optimal operating
il o) thermal units and hydro plants that minimizes the total system operating
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