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ABSTRACT  

Of the many climatic events that influence the Earth’s environment, drought is perhaps the one 
that is most linked with desertification. Drought is the consequence of a natural reduction in the 
amount of precipitation received over an extended period, usually a season or more in length. 
Drought monitoring is an essential component of drought risk management. It is normally 
performed using various drought indices that are effectively continuous functions of rainfall and 
other climatic variables. A number of drought indices have been introduced and applied in 
different countries to date. This paper compares the performance of two indices for drought 
monitoring in Hossein Abad Plain which includes several catchments and villages. The indices 
used include deciles and standard precipitation indexes. The comparison of indices is based on 
drought cases and classes that were detected in the12 synoptic stations over the 11 years of data, 
as well as over the latest 1998–2001 drought spell. Then by using ArcGIS 9.2 software were 
planned drought and wetness maps. The method of interpolate was Kriging (one of suitable Geo 
statistical methods).The results show that SPI respond slowly to drought onset. DI appears to be 
very responsive to rainfall events of a particular year, but it has inconsistent spatial and temporal 
variation. The SPI was found to be able to detect the onset of drought, its spatial and temporal 
variation consistently, and it may be recommended for operational drought monitoring in the 
country and SPI was found to be more responsive to the emerging drought and performed better. 
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1. Introduction 

Drought is perhaps the most complex natural 
hazard. It is often generally defined as a 
temporary meteorological event that stems from 
the lack of precipitation over an extended period 
of time compared with some long-term average 

condition (e.g. precipitation). But droughts 
that develop slowly, are difficult to detect and 
have many facets in any single region. The 
success of drought preparedness and mitigation 
depends, to a large extent, upon timely 
information on drought onset, progress and 
areal extent. These types of information may 
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be obtained through drought monitoring. 
Monitoring is normally performed using 
drought indices. Drought indices provide 
decision makers with information on drought 
severity and can be used to trigger drought 
contingency plans, if they are available. 
Many drought indices have been developed 
to date. These include the Palmer Drought 
Severity Index (PDSI – Palmer, 1965), which 
is widely used in the United States, the decile 
index (Gibbs and Maher, 1967), which is 
operational in Australia, the China-Z index 
(CZI), which is used by the National 
Metrological Center of China (Wu et al., 
2001), the Surface Water Supply Index 
(SWSI – Shafer and Dezman, 1982) adopted 
by several states in the United States, and 
standardized precipitation index (SPI – 
McKee et al., 1993), which has gained world 
popularity, etc. Most of these indices are 
calculated using climate data (rainfall and, in 
some cases (PDSI), temperature). The review 
of drought indices can be found in several 
sources including: http:// www.drought. 
unl.edu/whatis/indices.htm, Alley (1984), Wu 
et al. (2001), S akhtin and Hughes (2004). No 
index is ideal and/or universally suitable. The 
choice of indices for drought monitoring in a 
specific area should eventually be based on 
the quantity of climate data available and on 
the ability of the index to consistently detect 
spatial and temporal variations during a drought 
event. Iran is frequently hit by recurring 
droughts. The most recent drought of 1998–
2001 was the worst in the last 36 years with 
rainfall deficits consistently exceeding 60% 
of the mean annual rainfall in most of the 
country. The severity of this drought placed 
an extreme strain on water resources, 
livestock and agriculture. The Iranian 
Emergency Agency reported that 278 cities 
and 1050 villages had been affected. Also, 
the crops from a rain fed area of 4 million ha 
as well as those from an irrigated area of 2.7 
million ha were completely destroyed. The 
total agricultural and livestock losses by the 

year 2001 were estimated to be US$2.6 
billion. Eighteen out of the 28 provinces of 
the country were affected, but the impact of 
the drought differed throughout the country 
and some of the provinces were more hit than 
others. 

1.2. Study area  

The study area, known as the Hossein 
abad plain, lies in eastern Sarbisheh, 
approximately 100 km south of Birjand, the 
capital of Southern Khorasan, Iran. The 
center of the study area is roughly located at 
59º 55’E to 60º 15’E and 32º 4’ N to 32º 37’ 
N. The study area covers about 103806.21 ha 
of Hossein  Abad plain. Most of the areas are 
thinly populated with approximately 383 
households dispersed over 14 villages and 9 
rangeland scopes (Fig. 1). Livestock herding 
is the main occupation of the local 
inhabitants. The study region is one of 
countries' heavily degraded areas.  

Hossein Abad plain is also prone to high 
Sistani winds lasting over 120 days from 
April to July causing extensive erosion with 
maximum speed up to 120 km/hr displacing 
large quantities of sand into the area and 
causing considerable damages to natural 
vegetation and crops. The area is also subject 
to the effects of recurring droughts.  

This paper has attempted to evaluate value 
of DI and SPI meteorological indices and 
compares the performance of to indices for 
drought monitoring in Hossein Abad Plain.  

2. Method and Material 

2.1. Rainfall data and drought indices 

Observed yearly rainfall data from 12 
meteoro-logical stations located in different parts 
of plain, have been selected for this study. The 
length of the available records at these stations is 
from January 1998 to December 2008. The 
accuracy of all data sets was evaluated using 
nonparametric tests described in Pilon et al.  
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Fig. 1. Location map of the study area in the country 

(1985),including Mann- Whithney (for 
homogeneity), Spearman (for in-dependence 
and trend) and Runs (for randomess). The 
SPI and DI drought indices for this study 
have been calculated on the basis of these 
rainfall data and using Drought Index 
Package (DIP) software (Morid et al., 2005). 
The brief description of the two indices is 
given below:  

2.2. The standardized precipitation index 

(SPI)  

To calculate the SPI, a long-term 
precipitation record at the desired station is 
first fitted to a probability distribution (e.g. 
gamma distribution), which is then trans-
formed into a normal distribution so that the 
mean SPI is zero (McKee et al. 1993 and 
1995; Edwards and McKee 1997). The SPI 
may be computed with different time steps 
(e.g. 1 month, 3, 6, 12 and 24 months). 
Guttman (1998) showed that the use of SPI at 
longer time steps was not advisable as the 
sample size reduces even with originally 
long-term data sets. The use of different 

timescales allows the effects of a 
precipitation deficit on different water resource 
components (groundwater, reservoir storage, 
soil moisture, stream flow) to be assessed. 
Positive SPI values indicate greater than mean 
precipitation and negative values indicate less 
than mean precipitation. The SPI may be used 
for monitoring both dry and wet conditions. 
The ‘drought’ part of the SPI range is 
arbitrarily split into ‘near normal’ (0.99 > SPI 
> -0.99), ‘moderately dry’ (-1.0 > SPI > -
1.49), ‘severely dry’ (-1.5 > SPI > -1.99) and 
‘extremely dry’ (SPI < -2.0) conditions. A 
drought event starts when SPI value reaches -
1.0 and ends when SPI becomes positive 
again. The positive sum of the SPI for all the 
years within a drought event is referred to as 
‘drought magnitude’. This index is presently 
used as one of the indices for drought 
monitoring in the entire United States (http:// 
www.drought.unl.edu/monitor/spi.htm).Also, a 
number of studies evaluated the performance of 
this index (e.g. Wu et al. (2001) – in China, 
Ansari (2003) – in Iran, etc.).  

2.3. The decile index (DI)  

In this approach suggested by Gibbs and 
Maher (1967) and widely used in Australia 
(Coughlan 1987), yearly precipitation totals 
from a long-term record are first ranked from 
highest to lowest to construct a cumulative 
frequency distribution. The distribution is 
then split into 10 parts (tenths of distribution 
or deciles).  

The first decile is the precipitation value 
not exceeded by the lowest 10% of all 
precipitation values in a record. The second 
decile is between the lowest 10 and 20% etc. 
Comparing the amount of precipitation in a 
year (or during a period of several months) 
with the long-term cumulative distribution of 
precipitation amounts in that period, the 
severity of drought can be assessed. The 
deciles are grouped into five classes, two deciles 
per class. If precipitation falls into the lowest 
20% (deciles 1 and 2), it is classified as much 
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below normal. Deciles 3 to 4 (20 to 40%) 
indicate below normal precipitation, deciles 5 
to 6 (40 to 60%) indicate near normal 
precipitation, 7 and 8 (60 to 80%) indicate 
above normal precipitation and 9 and 10 (80 
to 100%) indicate much above normal 
precipitation. In the current study, yearly 
rainfall time series are normalized using the 
Box–Cox transformation (McMahon 1986). 

However, the ranges of the DI differ from 
that of the SPI. To make them comparable 
with the SPI classes, the DI values have been 
categorized into similar classes (Table I). 
Original DI classes of 30–40% (slightly 
below normal), 50–60% (normal) and 60–
70% (slightly above normal) have been added 
up to form a broader ‘normal’ DI class of 30–
70% (corresponding to the ‘normal’ SPI 
range).(Table I).  

3. Results 

3.1. Comparison of the DI and SPI 

The evaluation has been used for the DI 

(Fig. 2); the frequency of dry and wet cases 
differs from that of the SPI (Fig. 3), 
especially in the ‘normal classes. 

All class of the DI is much larger than that 
of the SPI. Conversely, this fact points to a 
larger sensitivity of the DI to changes in 
precipitation, compared to the SPI. The 
magnitude of normal class in the DI is higher 
than in the SPI. Source: Presented by Gibbs 
and McKee. 

3.2. Evaluation of indices drought in the 

2005 

In this section, the performance of the DI 
and SPI has been assessed in the 2005 which 
the study region experienced an extreme and 
long-lasting drought event. 

3.4. Mapping the spatial extent of 2005 

Maps of drought conditions for 2005 have 
been drawn using GIS facilities (Arc Gis 9.2). 
The spatial interpolation method used in this 
study is Ordinary Kriging Method (OKM). 

 

 

Fig. 2. Fluctuation of DI values of stations from 1998 to 2008 

 

 
 

Fig. 3. fluctuation of SPI values of stations from 1998 to 2008 
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3.4. Mapping the spatial extent of 2005 

Maps of drought conditions for 2005 have 
been drawn using GIS facilities (Arc Gis 9.2). 

The spatial interpolation method used in 
this study is Ordinary Kriging Method (OKM). 
This method is a stochastic technique and local 
interpolator that uses the semi-variogram. 
Weights of this method are obtained by solving 
a system of linear equations, which is known as 
‘ordinary kriging system’. More details can be 
found in Isaaks and Srivastava (1989) or 
Goovaerts (1997).  

The structure of data may be described by 
four parameters: the sill, range, nugget and 
anisotropy. The variance value at which the 
curve reaches the plateau is called the sill. 
The total separation distance from the lowest 
variance to the sill is known as range. The 
nugget refers to variance at separation 
distance of zero. In theory, it should be zero. 
However, noise or uncertainty in the sample 
data may produce variability that is not 
spatially dependent. Anisotropy of the dataset 
describes spatial continuity with respect to 
the defined direction. It may be equal in all 
directions, which is known as an omni- 
directional semivariogram. A more detailed 
description of kriging is available in Goovaerts 
(1997). Figs. 3 and 4 show drought pattern in 
Hossein abad palin for 2005. 

In comparison, DI index has high 
sensitivity to rainfall than SPI. On the other 
hand, slight fluctuations of rainfall could be 
able to have striking effect in final values of 
DI index. While, long-term changes in pre-
cipitation are considered in SPI Index. Then 
by using DI indices, drought classes in the 
2005 more than SPI. 

Fig. 4 shows a drought map by using DI 
indices. The inconsistent spatial change 
within the country is obvious. While by using 
SPI most of the Hossein Abad is in the 
‘Moderately dry’ to ‘Severely dry’ condition 
(Fig. 3). Analysis of these maps revealed an 
inconsistent spatial and temporal behavior of 
the DI in response to drought. 

 
 

Fig. 3. Drought class of the SPI indices during in 2005 
in Hossein Abad Plain 

 

Fig. 4. Drought class of the DI indices during in 2005 in 
the Iran 
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5. Conclusions  

Important of results are as follows: 

• Iran has experienced an extreme and long-
lasting drought event in 2005. 

• All classes of drought in DI index are 
much larger than of the SPI.  

• Slight flections of rainfall have sharp 
changes in drought values of DI. In which 
case there are not accurate evaluations of 
drought occurrences in Hossein Abad 
Plain. Conversely, SPI has less effective-
ness to low changes of rainfall. Then by 
using DI indices, drought classes in the 
2005 more than SPI. 

• The evaluation has been used for the DI; 
the frequency of dry and wet cases differs 
from that of the SPI, especially in the 
‘normal classes’. 

• SPI responds slowly to drought onset. DI 
appears to be very responsive to rainfall 
events of a particular year, but it has 
inconsistent spatial and temporal vari-
ations. 

• The SPI was found to be able to detect the 
onset of drought, its spatial and temporal 
variation consistently, and it may be 
recommended for operational drought 
monitoring in the Hossein Abad Plain and 
SPI was found to be more responsive to 
the emerging drought and performed 
better than the DI index. 
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