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ABSTRACT Drought is a climatic phenomenon that causes much detrimental influence on
ecological environments. This research investigates the performance of meteorological drought
indices in different time scales in the Tajan basin in Iran. Indices undergone in this study include:
Percent Normal Precipitation Index (PNPI), Z-Score Index (ZSl), Standard Precipitation Index
(SP1), China Z Index (CZI), Modified CZI (MZCI), and Decile Precipitation Index (DPI). In this
study, we used data of annual and monthly precipitation from meteorological stations in the basin.
Drought indices were determined at time scales of 1, 3, 6, 9, 12, 18, 24 year of minimum
precipitation with very intense drought and the method of correlation coefficients between drought
indices values and monthly precipitation. The results showed that DPI was the best index at annual
time scale, while at the time scale of 1,6,12 and 24-months, PNPI was the best index. MCZI was
the best index for time scales of 9 and 48-months, and the ZCl had the maximum efficiency for a

three-month scale.
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1 INTRODUCTION

Successful water management to cope with
water scarcity requires the understanding of
respective governing processes and causes
(Moreira et al., 2008). Water scarcity results
froma range of phenomena that may be
produced by natural causes, such as aridity and
drought, or it is induced by human activities,
such as desertification and water demand
(Paulo et al., 2005). Drought is defined as a
natural, but temporary, imbalance of water
availability, consisting of a persistent lower-
than-average  precipitation, of  uncertain
frequency, duration and severity, unpredictability

or difficulty to predict occurrence, resulting in
diminished water resources availability, and
reduced carrying capacity of the ecosystems
(Dracup et al., 1980). It is considered a major
and frequent characteristic in all climates and its
impacts are not limited to arid and semi arid
regions.In addition, its impactsregularly can
beobserved in humid regions. Drought is one of
the natural hazards whose  occurrence
involvesdetrimeOntal impact on ecological
environments. However, it causes many socio-
economic and environmental damages. Drought
receives less attention than other hydrological
and meteorological phenomena. Drought may
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appear at climatic, hydrologic, agricultural and
economic forms in spatial and temporal
dimensions. Temporal and spatial complexities
of drought make its assessment difficult;
drought severity varies at spatial and temporal
scales (Bonaccorso et al., 2003; Vicente-
Serrano et al., 2006). Given the consequences
and persistence of drought, it is important to
assess  drought  severity, but  precise
guantification of drought is a
difficultgeophysical process (Vasiliades and
Athanasios, 2009). Because quantitative
estimation and forecast of drought are important
issues for politicians and scientists (Goddard et
al., 2003; Tadesse et al., 2005), many indices
have been submitted for evaluation and
assessment of drought by scientists. Each index
has been designed based on the variation

between meteorological, hydrological and
hydrogeological conditions and different
calculation ~ methods  (Richard,  2002).

Application of drought indices is necessary for
monitoring and forecastingdrought.In addition,
these indices allow us to evaluate drought risk
(Sivakumar and Wilhite, 2002). Although none
of these indices is superior to another, some
function better than others dofor some specific
applications and hydro-climate conditions. The
suitability of a drought monitoring system is
greatly influenced by an accurate selection of
indices for drought identification, providing a
synthetic and objective descriptionof drought
conditions (Mendicino et al., 2008). Therefore,
it is essential thesuitability of different drought
indicesbe assessed and the best index be
selected. Afterwards, drought studies can be
carried outbased on the selected index. Many
drought indices, such as the China-Z index
(CZI) (Wu et al., 2001), are widely used while
the Standardized Precipitation Index (SPI)
(McKee et al., 1993) has achieved world-wide
popularity.

Several studies have been done to assess and
quantify different aspects of droughts, such as

442

spatial differences in drought hazard (Loukas
and Vasiliades, 2004), the prediction of
droughts with the wuse of atmospheric
circulation indices (Tadess et al., 2004,
Piechota and Dracup, 1999), and the mitigation
of drought effects (WMO, 2000). More efforts
have been made to develop drought indices,
allowing an earlier identification of droughts
and their severity and areal extent (Vasiliades
and Athanasios, 2009). In this study, the
following indices will be investigated. Morid et
al. (2006) compared the following seven Dls
for drought monitoring in Tehran province,
Iran: Percent of Normal (PN), Rainfall Deciles
(RDs), Statistical Z Score (Z-Score),
Standardized Precipitation Index (SPI), China-Z
Index (CZI), Modified China-Z Index (MCZI),
and Effective Drought Index (EDI). These Dls
are all rainfall-based indices and are able to
quantify both dry and wet cycles. Comparisons
showed that SPI and EDI performed better in
detecting the onset of drought, and these were
recommended to the Tehran drought monitoring
system. This study is enlightening and currently
one of the most exhaustive comparison studies
of Dls.

Mckee et al. (1993) presented Standard
Precipitation Index (SPI) of different periods
3,6,12 and 48 months for quantification of
precipitation shortage and monitoring of
drought situation. Wu et al. (2001) expressed
three indices, including Standard Precipitation
Index (SPI), China Z and Z-Score Index (ZSI)
for the dry and humid climate in China and
described their advantages and disadvantages
by monthly precipitation data. They also
attempted deferential deduction of Standard
Precipitation Index and Modified CZI. The
overall differences between these two indices
reduced significantly compared to the difference
between the SPI and CZI. Loukas et al. (2003)
also calculated three indices, including Standard
Precipitation Index (SPI), AnomalyRainfall
Index, and Standard Index of Annual
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Precipitation (SIAP) at different time scales in
Greece. All ofthe three indices had the same
trend atthe 12-month time scale and agreed
well with Palmer Drought Index (PDI). Loukas
and Vasiliades (2005) presented the
assessment of the Standardized Precipitation
Index (SPI) for various time scales as an
indicator of surface runoff and soil moisture
drought at seven basins ranging from 133 to
6591 km2. They found that SPI of 2- to 4-
month time scales were good indicators of
surface runoff drought, whereas the SPI of 1-
to 3- month time scales represented the soil
moisture drought better. Vicente-Serrano and
Lopez-Moreno (2005) evaluated the SPI for
various time scales as an indicator of runoff
and reservoir storage in a mountainous basinin
Spain. They provided empirical evidence that
surface runoff responds to short SPI time
scales (1-4 months). Smakhtin and Hughes
(2007) assessed Decile Precipitation Index
(DPI), Effective Drought Index (EDI) and SPI,
in terms of long term average deviation and
median  deviation indices andanalyzed
meteorological drought characteristics from
monthly rainfall data. They could predict
drought and its spatial distribution. Moradi et
al. (2011) forecast the intensity, duration,
frequency and extent of droughts in Fars
province using SPI as a selective index,
considering its capacity to facilitate accurate
positional analysis between various regions of
the drought extent. For this, precipitation data
in 5 time scales of 3, 6, 12, 24 and 48 months
were used, and the trends were assessed by
using a time series analysis. Ezzine et al.
(2014) assessed five indices, including SPI,
NDVI (Normalized Difference Vegetation
Index), NDWI (Normalized Difference
Vegetation  Index) SVI  (Standardized
Vegetation Index) and SWI (Standardized
Water Index). Theresults show that the
agreement between vegetation drought indices
and meteorological drought indices is
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moderated to low, and the SPI is slightly more
concordant with SWI compared to SVI in
autumn and winter seasons. The validation
approach indicated that the drought-affected
areawas, according to SWI, highly correlated
with  cereal production. Likewise, a
satisfactory correlation was revealed between
SWI and in situ SPI. Caccamo et al. (2011)
assessed the performance of MODIS-based
reflectance spectral indices to monitor drought
across forest and woodland vegetation types in
Australia. A time series of eight spectral
indices were created from 2000 to 2009 to
monitor inter-annual changes in drought and
were compared to the Standardized
Precipitation Index (SPI). Results show that
the Normalised Difference Infrared Index b
and 6 (NDIIb6) provided themost suitable
indicator of drought for the high biomass
vegetation types considered. The NDIIb6 had
the highest sensitivity to drought intensity
andwas highly correlatedwith SPI at all time
scales analyzed suggesting that variations in
precipitation patterns have a stronger influence
on vegetation water content than vegetation
greenness properties. Spatial similarities were
also found between patterns of NDIIb6-based
droughtmaps and SPI wvalues distribution.
Dogan et al. (2012) compared Percent of
Normal (PN), Rainfall Decile based Drought
Index (RDDI), statistical Z-Score, China-Z
Index (CZI), Standardized Precipitation Index
(SPI), and Effective Drought Index (EDI) to
identify droughts in a semi-arid closed basin
(Konya) in Turkey. The comparison of time
series of various DI values (numerical values
of drought severity) instead of drought classes
was advantageous for drought monitoring. SPI
and CZl were more consistent in detecting
droughts for different time steps. The response
of DI and time step combination to the change
of monthly and multi-monthly rainfall for a
qualitative comparison of severities (drought
classes) was investigated.
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Khalili and BazrAfshan (2003) investigated
some of the drought indices in several climates
and concluded that DPI and SIAP indexarebest
suited for meteorological drought assessment
in Iran. Vafakhah and Rajabi (2005)compared
suitabilityof five indices, including Percent
Normal Precipitation Index (PNPI), Z-Score
Index (ZSl), SPI,Rainfall Anomaly Index
(RAI) and Decile precipitation Index (DPI), at
1, 3, 6 and 12 month time scale in the
Bakhtegan basin in Iran and found that DPI
and PNPI indices arebest suited. Ensafi
Moghadam (2007) evaluated DPI, SPI, PNPI
and ZSI indicesin the Daryache Namak basin
and concluded that for drought condition
analysis for a long-term period in this basin
SPI, ZSI and PNPI are the best indices,
respectively.

The Caspian region is one of the
importantregionsin Iran.Because this region is
considered as humid in all climatic
classification systems (such as Domarten,
Koeppen and Amberger) and drought effects
become tangible in such climates slowly, ithas
been disregarded by drought analysis so far.
Hence, the investigation of drought's spatial
and temporal trends is still lackingin this
region. In order to do this, the most suitable
index must be identified first. This study
investigates suitability of some drought indices

at various time scales in one of the Caspian
basins, named Tajan.

2 MATERIALS AND METHODS

2.1 Study area

The Tajan watershed is situated between north
longitudes of 53° 03°-54° 15’and the east
latitude of 35° 55°-36° 467, with an area of
2573 km? in Mazandaran province, Iran. This
basin is borderedin the north by the Caspian
Sea, in the south by the central Iran Basin, in
the east by the Nekarood basin and in the west
by the Babolrood basin (Figure 1). Elevation
of general landscapes of the area ranges from -
26 m to 1600 m above the mean sea level. The
average annual rainfall and potential
evapotranspiration by Thornth Waite method
is 530 mm and 840 mm, respectively. The
climatic class according to the Koeppen
method is the humid class.

2.2 Data and gauging stations

In this research, four rain gauge stations where
selected, in cluding Afrachal, Rig Cheshmeh,
Solaiman Tangeh and Kordkheil.
Characteristics and locations of these rain
gauges are shown in Table 1. The stations
have sufficient data and are operated by the
Regional Water Organization of Mazandaran
province.

Table 1 Characteristics of meteorological gauging stations in Tajan basin

. Elevation i ) Establishment
Station name Gauge type Longitude Latitude
(m) year
. E53: - 155 - N36: - 145 -
Afrachal Climatology 1200 ) 1966
00: 03
. . E53% - 104 - N365 - 215 -
Rig Cheshmeh Rain gauge 420 . . 1969
03% 60:
. . E53¢: - 134 — N36:: - 15 -
Solaiman Tangeh  Climatology 400 ] . 1959
525 07
. . E53: - 065 - N36:: - 424 -
Kordkhil Climatology -5 178 366 1954
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Figure 1 location of the Tajan basin and its meteorological stations in the Mazandaran province

2.3 Methods

First data homogeneity was tested and assured
using Run test. After specification of a 39-year
similar data period (1966-2005), normal ratio
method was used for regeneration of three
years missing  datain  Rig  Cheshmeh
station (DHV Consultants BV and DELFT
HYDRAULICS, 1999; Alternate Hydro
Energy Center, 2011). Then values for various
drought indices were calculated for each
station based on monthly and vyearly
precipitation by the Drought Indices Package
(DIP) software package. Considering previous
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research, we assessed 6 indices including
Percent Normal Precipitation Index (PNPI), Z-
Score Index (ZSl), Standard Precipitation
Index (SPI), China Z Index (CZI), Modified
CZl (MZCI), and Decile Precipitation Index
(DPI). Vafakhah and Rajabi (2005), Ensafi
Moghadam (2007), Morid et al. (2006), Wu et
al. (2001), Loukas and Vasiliades (2005),
Smakhtin and Hughes (2007), Moradi et al.
(2011), Dogan et al. (2012) and many other
researchers have used these indices for drought
investigation and confirmed the appropriacy of
these indices.
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2.3.1 Z-Score Index (ZSI)
For calculation of this index, equation (1) is
used:

" (1)

Where S is the standard deviation, P is the
mean monthly precipitation and P; is
precipitation in a specific month. The more the
value of this index, the more severe the
drought. Table 2 presents various classes for the
ZSl index.

2.3.2 Percent Normal Precipitation Index
(PNPI)

When a region or season percent normal (PNPI)

is considered alone, the utilization of this index

will be very effective. PNPI index is calculated

from equation (2):

PNPI = % <100 @)

Where P; is precipitation in month or year
and F is average monthly or annual

precipitation. This index is always positive and
has no theoretical limitations. Various classes
of PNPI index are presented in Table 2.

2.3.3 Deciles Precipitation Index (DPI)

This index is applied to overcome some
limitations of the PNPI index (e, f, ...) and to
recognize where in the gamut of successive
decile of particular monthly or yearly
precipitation a particular monthly or yearly
precipitationis located (Khalili and Bazr
Afshan, 2003). In this approach proposed by
Gibbs and Maher (1967) the total monthly
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precipitations from a long recordis first ranked
from highest to lowest to construct a
cumulative  frequency  distribution.  The
severity of drought can be assessed by
comparing the quantity of rainfall in a
particular month or several months duration
with the long time cumulative distribution of
rainfall values for that time. Decile Indices
(DI) classes are given in Table 2. In this paper,
Box—Cox transformation was wused to
normalize monthly precipitation time series
(McMahon, 1986).

2.3.4 Standardized Precipitation Index (SPI)
The SPI was developed by McKee et al.
(1993). This index has been applied in order to
determine drought duration and severity
(Paulo et al., 2003). In its original version, a
long precipitation record at a station is fitted to
a probability (gamma) distribution, which is
then transformed into a normal distribution so
that the mean SPI is zero. The index values are
therefore the standardized deviations of the
transformed rainfall totals from the mean
(Smakhtin and Hughes, 2007). The SPI may be
computed in different time steps (1 month, 3
months, 24 months, etc.) to facilitate the
assessment of the effects of a precipitation
deficit on different water  resources
components  (soil moisture, groundwater,
stream flow, reservoir storage). Positive SPI
values indicate precipitation higher than the
median and negative values indicate
precipitation lower than the median of long-
term precipitation records. Drought periods are
characterized by relatively high negative
deviations. A drought event starts when SPI
value reaches a negative value and ends when
SPI becomes positive again (Table 2) (McKee
etal., 1993).
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Table 2 Classification of drought classes for different indices

Index value

Drought Category Rank

PNPI DPI ZSI SPI ZCl and MZCI
No drought 0 >80% 40-100% -0.25-+0.25 0< >0
Slight drought 1 70-80% 30-40% -0.52- -0.25 -0.99-0 -0.99-0
Moderate drought 2 55-70% 20-30% -0.84- -0.52 -1.49- -1 -1.49- -1
Severe drought 3 40-55% 10-20% -1.25--0.84 -1.99- -1.5 -1.99--1.5
Extreme drought 4 <40% <10% <-1.25 <-2 <-2

2.3.5 China Z index (CZI)

Kendall and Stuart (1977) stated that China Z
Index is based on the Wilson—Hilferty cube—
root transformation. In CZI, it is supposed that
rainfall data fit the Pearson Type Il
distribution. CZI equation can be written as:

¥3
6(C 6 C
CZl =— | 2g 41| ——+—=
1 Cs[g¢l+J CS+6 (3)
4 (pi_ﬁ )3
Cs= n><03 (4)
(ﬂi:pi_p (5)
O

Where | factor is the current month, Cs
factor is expressed as coefficient of skewness,
ei is standard deviation, also called the Z-
Scores, and x; index is monthly precipitation
(Wu et al., 2001).

2.3.6  Modified CZI (MCZI)

In Modified China Z Index, mean rainfall has
been changed to Median precipitation (equation
4 and 5) as done for the calculation of the CZI
(Wu et al., 2001).CZl and MCZI drought
severity classes are also presented in Table 2.
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In order to assess the efficiency of drought
indices in annual time scale, regarding
coincidence of theyear with the minimum
annual precipitation (reflecting a severe
meteorological drought) with a drought class in
that year we can choose the most suitable index.
The indices for particular meteorological
stations were ranked according to the drought
class. The class “extreme drought” for rank 4,
the class “severe drought” for rank 3, and so
forth. The class “no drought” was ranked O.
This was repeated for each index.

Evaluation of drought indices in various
monthly time scales was also performed. For
achieving this purpose, first qualitative
description  of  drought indices  were
quantified. Afterward,the Spearman rank
correlation  coefficientwere used between
guantitative values of drought indices in each
month and monthly precipitation value for each
index and station. These calculations were
performed by SPSS 24 software.Thenarithmetic
means of correlation coefficients were
calculated in all stations for each index and
time scale. Finally, an efficacious index was
selected for each time scale based on the
highest degree of correlation coefficient.

3 RESULTS

Severities of meteorological drought were
calculated using different indices for the Tajan
basin in a 39-year period (1966-2005). The
minimum annual precipitation and the
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associateddrought severity classes for each
indexand the four stations are presented in
Table 3. The class “extreme drought” in the
year with the minimum precipitation was
identified by the DPI for all four stations (100 %
score). The score is 75 % for ZCl and 50 % for
SPI and ZCIl. The PNPI and MZCI were not
identified for the year with the minimum
precipitation.

The DPI index is the most suitable index
for drought studies in the Tajan basin when the
annual precipitation is used. The sequence of
the indices using this approach is DPI, ZSI,
SPI and ZClI, PNPI and MZCI, respectively.

In another method, in order to evaluate the
efficiency of these indices, Spearman rank
correlation coefficient was used between
guantitative values of drought indices and
monthly precipitation values. Results of
arithmetic means of correlation coefficients in
all stations for each index and time scale are
shown in Table 4 and Figure 2. Spearman
correlation coefficient analysis showed 1%
significant level (P**) in all analyses of
stations and time scales. Considering the
results of these methods, PNPI index with the
highest mean of Spearman correlation
coefficients is the most efficacious index in 1,
6, 12 and 24 month time scales.

Table 3 Drought severity classes for each index and for the four stations

Minimum Study indices
) o Water
Station precipitation
year ZSlI PNPI DPI SPI ZClI MZCI

(mm)
Afrachal 452.1 1985-86 3 3 4 2 2 2
Rig Cheshmeh 439.5 1970-71 4 2 4 4 2
Solaiman

3175 1985-86 4 3 4 4 4 2
Tangeh
Kord Khil 426.7 1974-75 4 2 4 3 3 3
Rank second fourth first third third fifth

Table 4 Arithmetic mean values of Spearman rank correlation coefficient in various stations

Drought index

Time scale (month)

1 3 6 9 12 18 24 48
SPI 0.824 0.548 0.416 0.322 0.318 0.275 0.235 0.153
ZSI 0.864 0.655 0.419 0.319 0.317 0.281 0.232 0.147
Cczi 0.865 0.531 0.394 0.315 0.318 0.282 0.237 0.147
MCZI 0.620 0.401 0.376 0.350 0.313 0.273 0.224 0.190
PNPI 0.883 0.641 0.425 0.297 0.321 0.288 0.248 0.155
Efficacious Index PNPI ZSI PNPI MCZI PNPI PNPI PNPI MCZI
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Figure 2 Diagram of Average amounts of Spearman rank correlation coefficient in various stations

4 DISCUSSION

The results of this study are in agreement with
Vafakhah and Rajabi (2005) on the DPI as the
best index when annual precipitation is used.
Results of this study conformed Loukas et al.
(2003) in that three indices including Standard
Precipitation Index (SPI), Anomaly Rainfall
Index and Standard Index of Annual
Precipitation (SIAP) had the same trend in 12-
month time scale. With regard to Tables 3 and
4, it could be concluded that SPI and ZCl had
the same value in each method. This confirms
the findings of Wu et al. (2001). Identification
of efficacious indices by coincidence of
minimum annual precipitation with drought
severity categories in this study was in
agreement with Khalili and Bazr afshan (2003)
who identified DPI index as the best index.
However, identification of SIAP disagreed
with the result of this research. The findings
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of Ensafi moghadam (2007) differed from the
present results. This difference is due to the
difference between climates of their case study
and the Tajan Basin and data period.

As shown in Table 4 and Figure 2,
Arithmetic mean amounts of Spearman rank
correlation coefficient was high in short term
time scales; and the longer time scales become,
the less Spearman rank correlation between
precipitation data and index values will be. This
finding was completely in agreement with
Loukas and Vasiliades (2005). Therefore the
results suggest that drought studies by indices
can be performed inshort-term time scale,
obviating the need to using long-term time
scales.

5 CONCLUSION
This research investigates the performance of
meteorological drought indices in different time
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scales. Indices applied in this study include
Percent Normal Precipitation Index (PNPI), Z-
Score Index (ZSI), Standard Precipitation Index
(SPI), China Z Index (CZI), Modified CZI
(MZCI), and Decile Precipitation Index (DPI).
Drought indices were determined at time scales
of 1, 3, 6, 9, 12, 18, 24 and 48-months. The
results showed that DPI was the best index at
annual time scale and the sequence of the
indices using this approach is DPI, ZSl, SPI and
ZClI, PNPI and MZCI, respectively, while at the
time scale of 1, 6, 12 and 24-months, PNPI was
the best index. MCZI was the best index for
time scales of 9 and 48-months, and the ZClI
had the maximum efficiency for scale of 3
months. This investigation showed that the use
of an appropriate time step is as important as
the type of DI used to identify drought
severities. It could be suggested that drought-
zoning maps be provided with these chosen
indices, and then these maps should investigate
the drought spatial distribution.

The study was based on the freely available
short-time series data. It demonstrated how to

overcome the Ilack of data for drought
characterization and monitoring in some
developing countries, where data are

unavailable or access to them is still costly or
difficult. Further investigations are required in
order to establish a comprehensive early
warning and drought monitoring system. This
can be reached by integrating thermal time-
series data and soil moisture parameters that
.can be linked to a model.

6 ACKNOWLEDGEMENT

The authors wish to thank Iran Water Resources
Management Company for providing Drought
Indices Software Package (DIP). The authors
also wish to thank the Regional Water
Organization of Mazandaran Province for
useful information and data.

7 REFERENCES

450

Alternate Hydro Energy Center. Guidelines on
Project Hydrology. Indian Inst. Technol.,
2011; 21 P.

Bonaccorso, B., Bordi, I., Cancielliere, A.,
Rossi, G. and Sutera, A. Spatial
variability of drought: an analysis of the
SPI in Sicily. Water Resour. Manag.,
2003; 17: 273-296.

Caccamo, G., Chisholm, L.A., Bradstock, R.A.
and Puotinen, M.L. Assessing the
sensitivity of MODIS to monitor drought
in high biomass ecosystems. Int. J. Appl.
Earth. Obs. 2012; 18: 119-127.

Dalezios, N.R., Loucas, A.,Vasiliades, L. and
Liakopoulos, E.  Severity-Duration-
Frequency Analysis of Droughts and Wet
Periods in Greece. Hydrolog. Sc. J.,
2000; 45: 751-769.

DHV  Consultants BV and  DELFT
HYDRAULICS, Hydrology Project
Training Module: How to correct and
complete rainfall data. World Bank and
Government of The Netherlands funded.

Version 1999; 99P.

Dracup, J.A., KS. Lee, and E.G. Paulson, Jr. On
the Definition of Drought. Water Resour.
Res., 1980; 16: 297-302.

Dogan, S., Berktay, A. and Singh, V.P.
Comparison of multi-monthly rainfall-
based drought severity indices, with
application to semi-arid Konya closed
basin, Turkey. J. Hydrol., 2012; 470-471:
255-268.

Ensafi Moghaddam, T. An Investigation and
assessment of climatological indices and
determination of suitable index for
climatological droughts in the Salt Lake
Basin of Iran. Iranian J. Range Desert
Res., (Abstract in English). 2007; 14(2):
271-288.



Investigation of the Efficiency of some Meteorological Drought Indices

Gibbs, W.J. and Mabher, J.V. Rainfall deciles as

drought indicators. Bureau of
Meteorology. Australia-Melburne. 1967;
118.

Goddard, S., Harms, S.K., Reichenbach, S.E.,
Tadesse, T. and Waltman, W.J.
Geospatial decision support for drought
risk management. Communication of the
ACM. 2003; 46: 35-37.

Ezzine, H., Bouziane, A. and Ouazar, D.
Seasonal comparisons of meteorological
and agricultural  droughtindices in
Morocco using open short time-series
data. Int. J. Appl. Earth. Obs. 2014; 26:
36-48.

Kendall, M.G. and Stuart, A. The advanced
theory of statistics. Charles Griffin and
Company: London, High Wycombe.
1997; 599.

Khalili, A. and BazrAfshan, J. Assessment of
meteorological drought indices for some
of different climates of Iran. J. NIVAR.
2003; 48: 79-93.

Lana, X. and Burgueno, A. Spatial and
temporal characterization of annual
extreme droughts in Catalonia (northeast
Spain). Int. J. Climatol., 1998; 18: 93-
110.

Loukas, A. and Vasiliades, L. Identification of
the relationship between meteorological
and hydrological drought. Geophys. Res.
Abstr., 2005; 7: 05479.

Loukas, A. and Vasiliades, L. Probabilistic
analysis of drought spatiotemporal
characteristics in  Thessaly region,
Greece. Nat. Hazards Earth Sys. Sci.,
2004; 4: 719-731.

Loukas, A., Vasilides, L. and Dalezios, N.R.
Inter comparision of meteorological
drought indices for drought assessment

451

ECOPERSIA (2013) Vol. 2(1)

and monitoring in  Greece.8 th
International Conference on
Environmental Science and Technology,
Lemons Island, Greece, 8-10 September
2003; 484-491.

McKee, T.B., Doesken, N.J. and Kleist, J. The
relationship of drought frequency and
duration to time scales. Eighth
Conference on Applied Climatology,
Am. Meteorol. Soci., Boston, U.S. 17-22
Jan 1993; 179-184.

Mcmahon, T.A. River and Reservoir Yield.
Water resources publications, United
States. 1986; 368.

Mendicino, G., Senatore, A. and Versace, P. A.
Groundwater Resource Index (GRI) for
drought monitoring and forecasting in a
mediterranean climate. J. Hydrol., 2008;
357: 282-302.

Moradi, H. R, Rajabi, M. and Farajzadeh, M.
Investigation of meteorological drought
characteristics in Fars province, Iran.
Catena., 2011; 84: 35-46.

Moreira, Elsa E., Coelho, Carlos A., Paulo, Ana
A., Pereira, Luis S. and Mexia, Jodo T.
SPI-based drought category prediction
using loglinear models. J. Hydrol., 2008;
354: 116-130.

Morid, S., Smakhtin, V. and Moghaddasi, M.,
Comparison of seven meteorological
indices for drought monitoring in lIran.
Int. J. Climatol., 2006; 26: 971-985.

Paulo, A.A., Ferreira, E., Coelho, C. and
Pereira, L.S. Drought class transition
analysis through Markov and Loglinear
models, an approach to early warning.
Agr. Water Manage., 2005; 77: 59-81.

Pereira, L.S., Cordery, I. and lacovides, I.
Coping with Water Scarcity. UNESCO


http://adsabs.harvard.edu/cgi-bin/author_form?author=Moreira,+E&fullauthor=Moreira,%20Elsa%20E.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Coelho,+C&fullauthor=Coelho,%20Carlos%20A.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Paulo,+A&fullauthor=Paulo,%20Ana%20A.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Paulo,+A&fullauthor=Paulo,%20Ana%20A.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Pereira,+L&fullauthor=Pereira,%20Lu%c3%ads%20S.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Mexia,+J&fullauthor=Mexia,%20Jo%c3%a3o%20T.&charset=UTF-8&db_key=PHY

S. Mashari Eshghabad et al.

ECOPERSIA (2014) Vol. 2(1)

IHP VI, Tech. Doc. Hydrol., UNESCO,
Paris. 2002; 269.

Piechota, T.C. and Dracup, J.A. Drought and
Regional Hydrologic Variation in the
United States: Associations with the El
Nifio-Southern Oscillation. Water
Resour. Res., 1996; 32: 1359-1373.

Richard, R.H. A Review of Twentieth Century
Drought Indices Used in the United
States. Am. Meteorol. Soci. 2002; 167:
1149-1165.

Vicente-Serrano, S.M. and Lopez-Moreno, J.1.
Hydrological response to different time
scales of climatological drought: an
evaluation  of the  Standardized
Precipitation Index in a mountainous
Mediterranean basin. Hydrol. Earth Syst.
Sc., 2005; 9: 523-533.

Sivakumar, M.V K. and Wilhite, D.A. Drought
preparedness and drought management.
Drought Mitigation and Prevention of
Land Desertification, University of
Ljubljana, Slovenia, 21-25 April 2002;
(CD-ROM paper 2).

Smakhtin, V.U. and Hughes, D.A. Automated
estimation and analyses of
meteorological drought characteristics
from monthly rainfall data. Environ.
Modell. Softw., 2007; 22(6): 880-890.

Tadesse, T., Wilhite, D.A., Harms, S.K., Hayes,
MJ. and Goddard, S. Drought
Monitoring  Using Data  Mining
Techniques: A Case Study for Nebraska.
USA Natural Hazard., 2004; 33: 137-
159.

452

Tadesse, T., Brown, J. and Hayes, M. A new
approach for predictingdrought-related
vegetation stress: integrating satellite,
climate, and biophysical data over the
U.S. central plains. ISPRS J.
Photogramm. 2005; 59: 244-253.

Vafakhah, M. and Rajabi, M. Efficiency of
meteorological drought Indices for
monitoring and assessment of drought in
Bakhtegan, Tashk, and Maharlo Lakes
Watershed. Biaban J., 2005; 10: 369-382.

Vasiliades, L. and Athanasios, L. Hydrological
response to meteorological drought using
the Palmer drought indices in Thessaly,
Greece. Desalination., 2009; 237:3-21.

Vicente-Serrano, S.M., Cuadrat, J.M. and
Romo, A. Early prediction of crop
productions using drought indices at
different time scales and remote sensing
data: application in the Ebro valley
(North-east Spain). Int. J. Remote Sens.,
2006; 27:511-518.

World Meteorological Organization (WMO).
Early Warning Systems for Drought
Preparedness andDrought Management.
Donald, A.W., Sivakumar, M.V.K. and
Deborah A. W. (Ed.). Lisbon. 2000; 101-
118.

Wu, H., Hayes, M.J., Weiss, A. and Hu, Q. An
evaluation  of the  Standardized
Precipitation Index, the China-Z Index
and the statistical Z-Score. Int. J.
Climatol., 2001; 21: 745-758.


http://www.ingentaconnect.com/content/klu/nhaz/2004/00000033/00000001/05254574
http://www.ingentaconnect.com/content/klu/nhaz/2004/00000033/00000001/05254574
http://www.ingentaconnect.com/content/klu/nhaz/2004/00000033/00000001/05254574
http://www.ingentaconnect.com/content/klu/nhaz/2004/00000033/00000001/05254574

Investigation of the Efficiency of some Meteorological Drought Indices ECOPERSIA (2013) Vol. 2(1)

GSL»} Glzo b wldo o ‘swb..mls.b Sl s el 5l golaxs ‘53])[5

(25 3l 09> 16990 andllas)

Tl 02,5 5 T lgoel gealpl FUolT i (6 L arans

u‘).:l bu&dL‘MC)A;.e ‘ulf)A)b olKisls s‘ska.ab é.\L.A 9 Lg))sw ouSials -\
u‘).:l hé)L» ng)l.M: ‘57..4.'0 &)L_A 9 Lg))jL.S fsJ.c olKisls sdr...._la é)L.A ouSiials -y

WAY o Vol g U/ WWAY age VY i b ndy 2o,/ WWAY L5 VY il o )b

o & Geaod cpl ol (SO5elsST slalass (g9, 0L 19lab; ol as el o8l lonuyy JlSis oS
Lngua}L..\ Q)L>)J‘$A u.?u ).A.Z.:" 0)9} )d ‘5>Lo) aliso ‘SLQUJLEA )d ‘SMJL,.M:‘}&D GJLM&MD 6Lbua>LM: ‘5>|)l5
Z il ja3ls «(SPI) o lailisl Swi)b esls (ZS]) ojlailbisl sae a3ls (PNPI) (Saijl )L Jle s asyo
5 e anllas ol s DPD) Swil slocSas asls 5 (MZCI) oats 2ol ZCI asls (ZCI) ooz
Al oolaiul 0jg> ;0 39z ge wlidlee slaolKiwl alale o a¥le Sai)l sleosls I aslllas ol jo aslad
o slo LSt | areS Sl 5l Jlo TE 5 VA AT & 8 F O o) oo o JLSis glaasls
ol s alol> mlis 0,5 et Sl 5 JaSis slamls polie o Siarad calpd by, 5 Ao
Lg‘)b ZSlI ua}LM: asle ¥ uuL:.Q.A 6‘]" 9 MCZI ua?l.w asle YA 9 1 ‘5>Lo) 6LR>U.JL.M 6‘).: O o w‘oé}a

Silesgy 2l (¥ Gt

ses sl arli o) sboools ( JLSis oo juiul 059> 1 goulS lods

453



