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AR — Fellcsh #A T T T G@T Ga0T &F A ST &1 56 HeTAT H SeYsh Faehich &A1
& e & Jorr HR FHoAihd WA & AT HAlTehihd asT Fahih (SPI), HIhIphd au arsdieor
o (SPEI), @ I3 $3HFH (CZI), SUHSP!, AHGT awr & gfaerd (PN) 3R awi fgerfa gaein
(RAI) &1 3eggs fhar aar g1 3 [T (Histogram) 3R faRQIwoTcssh qerfsha 9fshar (AHP) &r
3UTNET Fh SEYSh GARD $ Th AT AT H Jolell AR Hediohal har arar og Yo Faehichi
& 3ad T @ gar ger § R dva, sded 3R IRUIHE A AR g@ A gt dr 3w 3ghy
e & o Reewor F smAw AR S &1 gEEe F Acdied & N ga@id & 9 F1S q@eg
g1 fopar I TEdanS R WIS qET T A AN GHfd H wedt AR FEAM F FrRoT MfiE W
T AT Fefh, WA GEY T W T AT Fifk 18.49 (SPI), 18.10 (PN) 3R 17.99 (CZI) FRR dTel
g T Joll H FHHT TUsCar Hfw A TEASIHES A Toar AR FHEAAT F ITw WR ued
g3, YRWIG & Fll IR IRERIAT & FROT @ Fol @ TS| FEH Hewar, IR AR
gaeddl & AHS A RAI AR quaEdh S gashihl B ST Aol gi@e #d q@n I fud &
AL H WER FA S AT, TSI DU A qEU TG gifdd R g, s e gu w
IR T & FT g F FNOT WA & AU g g F AU swh eperer e Hr S g1 wel
qohihl & ge7 AR fuer A WA gU THAINE FT Ak TAAT AT & & fv uw et
qadid & & # frar amm

ABSTRACT. The Raichur district is considered as a drought prone area in Karnataka. The study was carried out to
compare and evaluate the performance of six drought indices in the study area namely Standardized precipitation index
(SPI), Standardized precipitation evapotranspiration index (SPEI), China Z index (CZl), Deciles, Percent Normal (PN)
and Rainfall anamoly index (RAI). A time series of six drought indices were compared and evaluated using histogram
and analytical hierarchy process (AHP). The histogram of six drought indices showed that PN, Deciles and RAI showed
higher frequency of extreme drought events which is considered as misleading in analysis. During the evaluation of the
indices no bias was done between the indices, SPI and CZI moved to the top rank mainly due to their robustness and
sophistication in nature. Whereas, PN moved to the second position mainly because of its higher simplicity compared to
other indices with a score of 18.49 (SPI), 18.10 (PN) and 17.99 (CZI). The SPEI was observed to score higher in
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robustness and sophistication, due to lack of tractability and transparency was observed to be lagged. Furthermore,
indices like RAI and deciles were observed to score very good ranks under transparency and tractability. PN was
observed to least in robust, thought the PN has scored 2" position, it is highly not recommended for adaptation for the
studies due to its unreasonably capturing of extreme droughts. Looking over all pros and cons of all indices SPI was

evaluated as a perfect index for the selected study area.

Key words — CZI, Deciles, RAI, PN, SPI and SPEI.

1. Introduction

Among the many extreme events on earth, drought is
considered as one of the most devastating extremities on
the earth (Rahul et al., 2020). Drought is a complex
natural hazard that affects global security through water
stress, making the agri-food sector one of the most
affected by the drought (Gortlapalli et al., 2022). It is
considered as the most widespread and slow-developing
hazard which in turn affects for longer duration, natural
resources, agriculture and socioeconomic life of human
being. Furthermore, it also witnesses to the changes in the
temporal and spatial patterns of precipitation around the
globe, which leads to an impact on many agricultural and
ecosystem problems. The worldwide land surface
temperature is anticipated to rise from 1-3 percent in the
current condition to 30% by the 2090s as a result of the
drought (IPCC, 2012).

Assessment of drought is considered as a major topic
in planning and management of fresh water. This requires
the knowledge of the historical patterns of drought and
their frequency over a time period. The understanding of
drought over a region is characterized in many ways, like
lack of rainfall, flow in the stream, reduced water level in
the reservoir, soil moisture status and drought indices. Of
these, drought indices (DI) are most the used these days in
drought monitoring and modelling.

Dl is a function of a number of hydro meteorological
variables (e.g., rainfall and stream flow) and expresses
with a numeric number which is more functional than raw
data (rainfall) during decision-making. However, defining
an appropriate DI is not always an easy task, the
researchers and professionals face challenges for
developing a suitable DI. Therefore, the selection of an
appropriate DI for defining drought conditions is the first
task in this work.

2. Location

Raichur district region is situated in the North
Eastern part of the Karnataka state with a latitude and
longitude of 16° 12' 2.9844" N and 77° 21' 44.2404" E.
The historical data of precipitation and temperature from
1961-2017 was collected on a monthly basis from
department of Statistics and Economics, MS. building,
Bangalore, Karnataka, India.
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3. Materials and method

Numerous methodologies for drought
characterization and modelling exist. However, using
drought indices are prevalent. Drought indices
were estimated by incorporating the drought indictors
(ex : rainfall, potential evapotranspiration and temperature)
into a single physical based on numerical values. The
drought indices provided us a broad view for the drought
analysis and also helps in decision-making as compared to
the raw data of the drought indicators (Hayes, 2006).
Nowadays, more than 150 indices have been developed
worldwide and still counting (Cai et al., 2011).

3.1. Drought indices (DlIs)

The drought indices, namely Percent of Normal
(PN), Deciles, Standardized precipitation index (SPI),
Standardized precipitation evapotranspiration index
(SPEI), China Z index (CZI) and Rainfall anomaly index
(RAI) have been selected for particular study due to the
availability of data, as these indices demand rainfall as a
only input. Whereas, SPEI requires rainfall and
temperature as input.

3.1.1. Percent of Normal (PN)

Percent of Normal (PN) is defined as the ratio of
actual rainfall of a particular month to the normal rainfall
(30-year average) of that particular month rainfall (Hayes,
2003; Morid et al., 2006). Percent normal can be
calculated at different time scales.

3.1.2. Deciles

In this method, the rainfall data collected for a longer
duration is arranged in an ascending order and the dataset
is divided into 10 equal parts (decile) (Gibbs and Mabher,
1967). The first part is the rainfall, not exceeded by the
lower 10 per cent of the data in the total record. The
second decile is between the lower ten to twenty per cent
etc. (Table 1). This index is widely used in Australia for
drought analysis (Coughlan, 1987).

3.1.3. Standardized Precipitation Index

The Standardized Precipitation Index (SPI) is one of
the most widely used drought index (Hayes et al., 1999;
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TABLE 1
Categorization of SPI, SPEI, Deciles, CZI, PN and RAI values into classes
Drought indices (Dls)
S. No.
Class SPI SPEI Deciles CzI PN RAI
1. Extreme wet >2.0 >2.0 >90 >2.0 >3.00
2. Severe wet 1.50 to 1.99 1.50 t0 1.99 80to 90 1.50 t0 1.99 >110 2.00t02.99
3. Moderate wet 1.0t01.49 1.0t01.49 70to 80 1.0to 1.49 1.00 t0 1.99
4. Normal 0.99 to -0.99 0.99 to -0.99 30to 70 0.99 to -0.99 800 110 0.99 t0 0.99
5. Moderate dry -1.0to -1.49 -1.0to -1.49 20to 30 -1.0to-1.49 55 to 80 -1.00 to -1.99
6. Severe dry -1.50 to -1.99 -1.50 to -1.99 100 20 -1.50 to -1.99 40 to 55 -2.00 to -2.99
7. Extreme dry <-2.0 <-2.0 <10 <-2.0 <40 <-3.00
Deo, 2011).The estimation of SPI procedure is as per P-P
(McKee et al., 1993). RAI=33=—% @)
1.4, ndardize Precipitation Evapotranspiration =
3 Isézegazscé’Eel) ecipitatio apotranspiratio where, P = measured precipitation, P = average
precipitation and E = average of 10 extrema.

The Standardized Precipitation Evapotranspiration
Index (SPEI) is quite familiar for calculation of SPI but
the major change in this index is that it takes potential
evapotranspiration into account compared to SPI. The
indicators of this index are total monthly precipitation (P)
and monthly potential evapotranspiration
Evapotranspiration (PET). Monthly PET was estimated
using the Thornthwaite method (Thornthwaite, 1948;
Patil et al., 2022). The details of the SPEI estimation
more systematically explained by Vicente-Serrano et al.,
2010.

3.1.5. China Z index (CZI)

The China Z index is related to the Wilson-Hilferty
cube-root transformation (Kendall and Stuart 1977). The
china Z index assumes that under consideration follows
Pearson Type Ill distribution and more details are
explained in Vicente-Serrano et al. (2010).

3.1.6. Rainfall Anamoly Index (RAI)

Van Rooy, 1965 developed the Rainfall Anomaly
Index (RAI) and incorporated a ranking method to assign
magnitudes to positive and negative precipitation
anomalies. The threshold range for RAI is presented in
Table 1.
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3.2. Comparison of drought indices

The comparison of drought indices, was carried out
using scattered plot and histogram for different indices.
The indices namely SPI, SPEI and CZI almost have a
similar kind of severity range for drought categorization
so they are able to compare among themselves using
scattered plot and Pearson correlation. However, as
mentioned above, the severity ranges of PN, Deciles and
RAI are different from the SPI, SPEI and CZI. To make
them comparable with the SPI classes, the Deciles, PN
and RAI values were categorized into similar classes
(Table 1).

3.3. Evaluation of drought indices

Taking into consideration that each index is
estimated in different methods as compared to the other
indices. It is quite important to evaluate drought indicesfor
any particular region in order to select the appropriate
indices for that study area.

3.3.1. Criteria for evaluation

The evaluation of drought indices was carried out
using an analytical hierarchy process using six qualitative
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Figs. 1(a-e). Scattered plots for (a-e) SPl and SPEl at 1, 3, 6, 9 and 12 months time scales

criteria  namely (1) robustness (2) tractability (3)
transparency (4) sophistication (5) extendibility (6)
dimensionality. To account for the relative importance of
each decision criterion, a set of weights called relative
importance factors were used (Keyantash and Dracup,
2002). The relative importance (weights) provides for
each criterion’s robustness (28), tractability (21),
transparency (17), sophistication (17), extendibility (10)
and dimensionality (7).

3.4. The Analytic Hierarchy Process (AHP) Method

The AHP is a technique for structuring, measuring
and synthesizing and is generally focused on the well-
defined mathematical structure of consistent matrices and
the ability of their related right-eigenvector to generate
accurate or approximate weights (Saaty 1980). In essence,
the AHP method structures a complex problem by
dividing the problem into target (problem definition),
decision criteria and/or alternatives, then comparing the
criteria or alternatives in a natural, pairwise mode with
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respect to a criterion. To this end, the AHP uses a basic
scale of absolute numbers (1 - 9), which has been proved
in practice and confirmed by studies on physical and
decision issue (Forman and Gass, 2001). According to
Saaty's scale, the pair-wise comparison values are set
members: {9, 8, 7, 6, 5, 4, 3, 2, 1, 1/2, 1/3, 1/4, 1/5, 1/6,
1/7, 1/8, 1/9}. These scale numbers show how many times
more significant or superior one element is compared to
another element in relation to the given criteria or property
they are being compared with (Saaty 2008). Several
established literatures were carefully reviewed in the
present work before assigning ranks and weights to obtain
an appropriate understanding of the ranking of variables
under distinct environmental circumstances and in
different regions. The AHP gathers the probability of
uncertainty in the evaluation through the key Eigen value
and the consistency index (Saaty, 2008).

The consistency index is known to provide a
measure of departure from the consistency, that is, the
difference between the maximum eigen value (X max) of
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Figs. 2(a-€). Scattered plots for SPl and CZI at 1, 3, 6, 9 and 12 months time scale

the pairwise comparison matrix and the eigen value (n) of
a perfectly consistent matrix. This is expressed as below:

Aax —N

Cl ="
n-1

)

where, Amax iS the maximum of the eigen values
(i.e., the average value of the consistency vector) and n is
the number of evaluation criteria parameters (drought
indices). The RI value is read from a statistical table that
is proposed by Saaty (1980).

Consistency ratio (CR) defined as the measure of
consistency between pairwise comparison matrix (Saaty,
1980) is calculated. It is estimated as a ratio of consistency
index (CI) to the random inconsistency index (RI). The
consistency value should be less than 0.10 (Saaty, 1980).
Otherwise, the scoring process needs to change.

3.5. The computation of the final index scores

A few mathematical operations are needed to
calculate the weightings of the parameters. The
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summation of the values of each column of the pairwise
comparison matrix and normalization each matrix value,
followed by averaging the elements of each row to form
the required weights. These averages are also referred to
as eigenvectors. Furthermore, the weighted average is
estimated with the help of different criteria (robustness,
tractability, transparency, sophistication, extendibility and
dimensionality) to obtain a final score.

4, Results and discussion

4.1. Comparison of drought indices

The evaluation study was carried out in order to
select appropriate indices for a study area to characterize
and model a drought. Drought indices evaluation was
carried out for Raichur station, evaluation part mainly
consists of comparison between different indices namely
SPI, SPEI, CZI, PN, Deciles and RAI.

4.1.1. Comparison of the SPI and SPEI

The SPI index uses only rainfall as input, whereas
the SPEI utilises rainfall and potential evapotranspiration
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Figs. 3(a-€). Scattered plots for SPI and CZI

as input was compared with the help of a scattered plot
and bar graph at different timescales of 1, 3, 6, 9 and 12
months are presented in Figs. 1(a-e), 4 and Table A
(Appendix 1). The correlation of determination (R?)
between SPI and SPEI observed was 0.54, 0.75, 0.84, 0.88
and 0.88 at a timescale of 1, 3, 6, 9 and 12 months. For
higher accurate comparison, relative frequencies of the
dry classes identified by the two indices were compared
for the 57-year long period (1961-2017).

The histogram of wet and dry classes is shown in
Fig. 4. Both indices have a bell-shaped normally
distributed histogram, but the ‘normal class’ of the SPI is
larger than that of the SPEI. On the contrary, other classes
of dryness in the SPEI are quite more compared to the
SPI. Moreover, the correlation between SPI and SPEI
compared over different months for different timescales,
the results reveal that the correlation was high between
indices during monsoon months, whereas during summer
and winter conditions it was observed to be low (Table A)
(Appendix I).
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at 1, 3, 6, 9 and 12 months time scales

In comparison, both indices identified the temporal
variability of droughts and were able to identify different
types of droughts as indicated by the different timescales.
SPEI could capture more extreme events as compared to
SPI over different timescales. Correlation analysis
between SPI and SPEI clearly indicates that precipitation
is the major driver of drought. The lower correlation
observed between SPI and SPEI during the summer and
winter months is mainly due to a higher rate of
evapotranspiration and lack of rainfall, which leads to
sense different signature from SPEI, which may mislead
information. During the summer and winter seasons the
rainfall in the study area is quite negligible.

4.1.2. Comparison of SPI and CZI

Comparison between SPI and CZI was carried out at
different timescales of 1, 3, 6, 9 and 12 months with the
help of scattered plots, correlation and drought frequency
at different classes which are presented in Figs. 2(a-e), 4
and Table A (Appendix I). Results reveals that correlation
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Fig. 4. Typical distributions of the drought event identified by SPEI, CZI and SPI indices at 1, 3 6, 9 and 12-month timescale

between CZI and SPI was observed to be very stronger
with a value of 0.89, 0.98, 0.98, 0.99 and 0.99 on a time
scale of 1, 3, 6, 9 and 12 months respectively. A view at
the results also illustrate that the correlation coefficient
increases with an increase on the timescales. Relative
frequencies of the dry classes identified by the two indices
were observed in the range of 5.11 to 8.46 (D) and 6.20 to
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8.61(D), 1.61 to 5.17(SD) and 1.31 to 5.15(SD) and 0.58
to 1.63(ED) and 1.31 to 2.37 (ED) for CZI and SPI at
different timescale respectively.

The histogram of both indices observed to follow a
bell shape with higher frequency accounted for normal
conditions followed by wet and dries (Fig. 4).
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timescale for Raichur station

Furthermore, correlation between SPI and CZI compared
over each month and also at different timescales, the
results reveal that correlation is high between indices
during all months for January to December (Table A)
(Appendix I).

The correlation between the two indices was quite
strong at all-time scales, particularly during wet and
normal months. Discrepancies increased during drier
months, as SPI observed higher negative values as
compared to the CZI index. This point is more related
during 1 and 3-month time scales. Similarly, Morid et al.,
2006 observed higher negative values of SPI compared to
the CZI at Meharabad and Abali station.

4.1.3. Comparison of SPEI and CZI

Correlation and drought frequency analysis were
used to compare SPEI and CZI at 1, 3, 6, 9 and 12 months
and the results are presented in Figs. 3(a-e), 4 and
Table A (Appendix I). Results show that the correlation of
determination (R?) between SPEI and CZI was observed
to be 0.67, 0.76, 0.84, 0.88 and 0.88 over a timescale of 1,
3, 6, 9 and 12 months respectively. Relative frequencies of
the dry classes identified by the two indices (Fig. 4) were
observed in the range of 5.11 to 8.46 (D) and 10.23-12.90
(D), 1.61 to 5.17(SD) and 4.54 to 6.5 (SD) and 0.58 to
1.63(ED) and 0.87 to 1.32 (ED) for CZI and SPEI at
different timescale respectively.
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A view at the results shows that for all classes of
dryness the frequency was observed to be more in the case
of SPEI compared to CZI. Besides, the correlation
between CZI and SPEI compared over each month for
different timescales, the results reveal that correlation was
high between indices during the monsoon months (June-
Oct) whereas during summer (March-may) and winter
(Nov-Feb) conditions was observed to be low (Table A)
(Appendix I).

In comparison, both indices identified the temporal
variability of droughts and were able to identify different
types of droughts at different timescales. SPEI could
capture more extreme events as compared to CZI over
different timescales. The majority of excess drought
captured by the SPEI were from the winter and summer
months. The lower correlation was observed between CZI
and SPEI during the summer and winter months which
can be attributed to higher rate of evapotranspiration and
lack of rainfall which leads to capture different signature
from SPEI. Whereas, higher correlation was observed
during the monsoon season.

4.1.4. Comparison of SPI and Deciles

The comparison between SPI and Decile was carried
out by frequency analysis using histogram, as the severity
range for both the indices was quite different for each
other so no correlation process was carried out, the results
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are presented in Fig. 5. The results reveal that the
frequencies of wet and dry months observed by the two
indices were 10.53(EW), 8.33(SW), 9.06(W), 26.90(N),
6.14(D), 4.82(SD) and 34.21(ED) for Decile and
3.51(EW), 3.07(SW), 15.50(W), 69.01(N), 6.29(D),
1.32(SD) and 1.32(ED) for SPI index in one month
timescales. The frequency of dry and wet months captured
by Deciles was different from SPI principally for normal
classes. Furthermore, Deciles has captured a significantly
a higher frequency of Extreme dry months. The histogram
for Deciles was observed to be negatively skewed.

The capturing of higher amount of extreme drought
months was mainly during the summer and winter
seasons. For example, let us say the normal rainfall in
January is 2 mm if the rainfall of any particular year say 1
mm, the Decile index considers it as an extreme drought
conditions whereas, on the other the SPI, considers it as a
normal class. This indicates a higher sensitivity on the part
of Deciles for rates of precipitation when compared to the
SPI. (Morid et al., 2006) observed that the decile shows
lower normal status as compared to SPI.

4.1.5. Comparison of SPI and PN

To compare SPI and the PN, all wet classes have
been added up and then compared with the PN. Fig. 5
shows the histogram of the relative frequency of dry and
wet classes. The frequencies of wet and dry months
observed by PN were 27.49(W), 11.11(N), 11.40(D),
5.85(SD) and 44.15(ED). Conversely, with the indices
namely SPI, SPEI and CZI, Extreme drought is much
higher than the ‘normal’ class in the PN.

The histogram of PN is observed to be negatively
skewed. Morid et al., 2006 found that Extreme droughts
captured by the PN were much more compared to SPI.
The capturing of higher amount of extreme drought
months was mainly during the summer and winter
seasons.

4.1.6. Comparison of SPI and RAI

The comparison between SPI and RAI was carried
out using a frequency analysis as presented in
Fig. 5. The results reveal that a histogram of the RAI was
observed to be negatively skewed with a higher frequency
of extreme drought condition as compared to SPI which
was normally distributed. Furthermore, the frequencies of
dry months observed by RAI were 23.68(N), 5.85(D),
6.29(SD) and 45.91(ED).

The results reveal that a histogram of the RAI was
observed to be negatively skewed with a higher
frequency of extreme drought condition as common
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compared to SPI which was normally distributed. The
RAI was found to be more sensitive, which was observed
to be unreasonable.

The detailed comparisons between indices are
explained in the above sections. Despite different
underlying statistical distributions, the SPI, CZI and SPEI
have performed in a similar manner except SPEI in the
winter and summer. On the other hand, the indices,
namely PN, RAI and Deciles have performed in a
different pattern by capturing much more extreme drought
as compared to SPI, CZI and SPEI. The PN, RAI and
Deciles should not be recommended for drought
monitoring in the study area since they have been found to
declare ‘extreme drought’ conditions unreasonably
frequently. Given the similarity in the performance of
several indices, the choice of an index may partially be
based on criteria such as input information requirements,
simplicity of calculations and current level of acceptance
in operational practice in the world.

4.2. Evaluation of drought indices using the
Analytical hierarchy process

The performance of each of the six indices SPI,
SPEI, Deciles, CZI, PN and RAI were carried out using
Saaty’s Analytic Hierarchy Process (AHP) approach and
the results are explained in the below sections.

4.2.1. Robustness

The robustness refers to the effectiveness of drought
indices over a large variety of conditions. It also refers to
the capacity of the drought indices to be spatially and
temporally comparable (Narasimhan and Srinivasan
2005). The scores related to different indices are presented
in Table B (Appendix I). The score obtained for different
indices as per AHP under robustness criteria (Table 2)
were 0.28 each for the SPI, SPEI and CZI, 0.06, 0.06 and
0.05 for deciles, RAI and PN respectively.

4.2.2. Tractability

Tractability is the term chosen to represent the
practical aspects of calculating drought indices
(Keyantash and Dracup, 2002). Since the purpose of the
study is to recommend the most appropriate tools for
measuring/monitoring drought in Study region, it is
extremely important that the recommended indices are
easy to calculate using readily available data. The ranks
related to different indices are presented in Table B
(Appendix 1). Under tractability criteria, the scores
obtained for each index were 0.34, 0.21, 0.21, 0.10, 0.08
and 0.05 for PN, RAI, Deciles, SPI, CZI and SPEI, which
are presented in Table 2.
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TABLE 2

The eigenvectors obtained for SPI, SPEI, Deciles, CZI, PN and RAI for each of the decision criteria

Indices/ Criteria Robustness Tractability Transparency  Sophistication ~ Extendibility = Dimensionality ~Weighting  Ranking

SPI 0.28 0.10 0.11 0.22 0.19 0.17 18.49 1
SPEI 0.28 0.05 0.06 0.35 0.06 0.17 17.77 4

Deciles 0.06 0.21 0.19 0.08 0.19 0.17 14.10 5
czi 0.28 0.08 0.11 0.22 0.19 0.17 17.99 3
PN 0.05 0.34 0.33 0.05 0.19 0.17 18.10 2
RAI 0.06 0.21 0.19 0.08 0.19 0.17 14.10 6
CR 0.01 0.019 0.006 0.01 0 0
Cl 0.0124 0.023 0.007 0.0124 0 0

4.2.3. Transparency

A good drought index is one that is readily
reasonable to decision-makers and the user community.
The ranks related to different indices are presented in
Table B (Appendix ). The scores under transparency for
different indices (Table 2) were 0.33, 0.19, 0.19, 0.11,
0.11 and 0.06 for PN, Deciles, RAI, SPI, CZI and SPEI
respectively.

4.2.4. Sophistication

Although sophistication is somewhat counter to
transparency it is nonetheless, an important characteristic
of a good drought index (Keyantash and Dracup, 2002). A
sophisticated drought index is one that has conceptual
(scientific) merit. Therefore, even if a drought index is not
easy to understand, it may still be valuable if it accurately
represents important physical aspects of drought. The
ranks related to different indices are presented in Table B
(Appendix 1). As mentioned in Table 2, the scores for
indices under sophistication criteria are 0.35, 0.22, 0.22,
0.08, 0.08 and 0.05 for SPEI, SPI, CZI, deciles, RAI and
PN respectively.

4.2.5. Extendibility

Extendibility refers to whether an index that can be
extended back in time. For example, an index that only
relies on precipitation data can be applied to measure
drought all the way back to the start of the instrumental
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record (100+ years), while an index that utilizes satellite
or radar data is limited to the last few decades (Keyantash
and Dracup, 2002). The ranks related to different indices
are presented in Table B (Appendix I). As per Table 2, the
scores obtained for indices under extendibility criteria are
0.19 for SPI, CZlI, deciles, PN and RAI and 0.06 for SPEI.

4.2.6. Dimensionality

Dimensionality refers to the relation between the
drought index values and the actual world conditions
(Keyantash and Dracup, 2002). The ranks related to
different indices are presented in Table B (Appendix ).
As per Table 2, the scores obtained for indices under
dimensionality criteria were 0.17 for SPEI, SPI, CZI,
Deciles, RAI and PN.

4.3. Comparison of drought indices over different
criteria

The SPI, SPEI and CZI were observed to be more
robust as compared to the other indices. Three of these
indices have the ability to measure drought over a wide
range of conditions and they can be calculated for any
period of interest (month, season, year) and they are
spatially and temporally comparable. One of the major
disadvantage of deciles, PN and RAIl is that they
unnecessarily capture higher frequency of drought under
extreme class, which makes these indices less useful. In
terms of tractability PN, RAI and Deciles have an
advantage over the other indices (SPI, SPEI and CZI). The
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calculation of PN is quite easy as compared to that of the
all other indices so it was ranked in the first position. The
SPEI was ranked at 6™ position as it need two indicators
(Precipitation and Temperature) and moreover, for
calculation of SPEI we need to estimate PET which is
quite laborious and time-consuming over other indices.
Though the calculation part of the CZI is almost the same
as that of SPI, in SPI Gamma distribution is used, whereas
in the CZI Log Pearson |11 distribution is used. The major
drawback of the CZI is that no open source is available to
estimate the time series of the CZI. Manual calculation for
larger datasets is difficult in such a situation. In terms of
transparency PN, RAI and Deciles have an advantage over
the SPI, SPEI and CZI because, even though SPI, CZI and
SPEI values are easy to understand (e.g., higher positive
values indicate the wet conditions than normal and higher
negative values indicate that conditions is drier than
normal) the method used to calculate these values are not
as easy to grasp. Moreover, the SPEI indices, uses Log-
logistic distribution which is not familiar to many users
compared to Gamma and log Pearson Ill which are used
for SPI and CZI respectively. This does give the SPEI,
SPI and CZI an edge with regard to sophistication,
because they use a probability density function (e.g., Log-
logestic, Gamma and Pearson) that is more appropriate for
characterizing precipitation variability than the empirical
distribution (e.g., percentiles). Moreover, SPEI considers
PET, which is one of the more important components of
the hydrologic cycle, which helps to capture drought in a
better way compared to the other indices. When it comes
to extendibility, as all indices utilize only precipitation
data but SPEI utilises temperature, which may be difficult
to obtain in developing and undeveloped countries.
Moreover, in order to estimate PET for SPEI using
advanced methods such as Penman Monteith, more
indicators need to be available. So SPEI lacks score in
extendibility criteria.

Under the evaluation process in general SPI, PN and
CZI grabbed the top position followed by SPEI, RAI and
Deciles as shown in Table 2. During the evaluation of the
indices, no bias was done between the indices. SPI and
CZI moved to the top rank mainly due to their robustness
and sophistication in nature. Whereas, PN moved to the
second position mainly because of its higher simplicity
compared to others with a score of 18.49 (SPI), 18.10
(PN) and 17.99 (CZI). The SPEI was observed to score
higher in robustness and sophistication, due to lack of
tractability and transparency was found to be lagged.
Furthermore, indices like RAI and deciles were observed
to score very good rank under transparency and
tractability. PN was observed to least in robust, as percent
normal cannot be used to compare drought
conditions spatially and temporally. This limitation with
using percent normal (or departures from normal) is one
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of the main reasons that so many drought indices have
been created. Thought the PN has scored the 2™ position
it is highly not recommended for adaptation for the
studies due to its unreasonably capturing of extreme
droughts.

Even though SPEI and CZI were used in many
studies but during evaluation the score under criteria of
tractability and transparency, they observe to be difficult
to understand for a normal public and likewise the CZI do
not have an open source program to estimate. Moreover,
the results of SP1 and CZI are quite similar, in the future if
availability of any program we can use CZI as an
alternative to SPI. Looking over all the pros and cons of
all indices SPI was evaluated as the perfect index for the
selected study area. To date, SPI is found to have more
application in SW Asia than other indices due to its
limited input data requirement, flexibility and simplicity
in calculation. SPI is selected by the World meteorological
organization (WMO) as the reference drought index for
more effective drought monitoring and climate risk
management (Hayes et al., 2011)

5. Conclusions

Drought indices evaluations have been a kind of
challenging task for the researchers over time. In order to
tackle the problem of evaluation, analytical hierarchy
process has been used for evaluation of the drought
indices, without any bias. Five different evaluation criteria
have been used for evaluation namely robustness,
tractability, transparency, sophistication, extendibility and
dimensionality. The comparison of DIs showed that PN,
RAI and Deciles sensed a higher drought month as
compared to other indices namely SPI, SPEI and CZI.
Whereas, comparison of SPl and SPEI showed higher
correlation during the monsoon months and lower during
the summer and a winter which is mainly due to the
incorporation of PET in SPEI. Similar results were found
during the comparison of SPEI and CZI. The evaluation
of DIs showed that SPI is the most ranked meteorological
drought index for Raichur region with a priority weight of
18.49. Furthermore, advanced evaluating criteria can be
used to improve the evaluation accuracy in the future
days.
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Appendix |
TABLE A
Pearson correlation between SPEI, CZI and SPI at different months and timescales (1, 3, 6, 9 and 12 months)

Months Cases 1 Month 3 Month 6 Month 9 Month 12 Month
SPEI vs SPI 0.53 0.73 0.98 0.96 0.95
January SPEIl vs CZI 0.51 0.72 0.97 0.96 0.95
SPI vs CZI 0.96 1.00 1.00 1.00 0.99
SPEI vs SPI 0.49 0.52 0.93 0.93 0.94
February SPEI vs CZI 0.48 0.52 0.95 0.93 0.94
SPlvs CZI 0.98 1.00 0.98 1.00 1.00
SPEI vs SPI 0.72 0.68 0.94 0.93 0.95
March SPEIl vs CZI 0.72 0.69 0.94 0.92 0.95
SPI vs CZI 1.00 1.00 1.00 0.99 0.99
SPEI vs SPI 0.87 0.81 0.69 0.96 0.94
April SPEl vs CZI 0.87 0.82 0.70 0.96 0.94
SPlvs CZI 1.00 0.99 1.00 1.00 0.99
SPEI vs SPI 0.92 0.89 0.84 0.90 0.90
May SPEIl vs CZI 0.92 0.89 0.83 0.90 0.91
SPI vs CZI 1.00 0.98 0.99 1.00 1.00
SPEI vs SPI 0.98 0.94 0.91 0.92 0.91
June SPEI vs CZI 0.97 0.94 0.90 0.92 0.91
SP1vs CZI 0.99 1.00 1.00 1.00 0.99
SPEI vs SPI 0.91 0.97 0.94 0.91 0.94
July SPEI vs CZI 0.91 0.97 0.95 0.91 0.94
SPI vs CZI 1.00 1.00 1.00 1.00 1.00
SPEI vs SPI 0.96 0.98 0.96 0.94 0.94
August SPEIl vs CZI 0.99 0.98 0.96 0.94 0.94
SP1vs CZI 0.97 1.00 1.00 1.00 1.00
SPEI vs SPI 0.94 0.95 0.95 0.95 0.95
September SPEIl vs CZI 0.98 0.96 0.97 0.96 0.95
SPI vs CZI 0.97 0.99 0.99 0.99 1.00
SPEI vs SPI 0.99 0.99 0.97 0.96 0.95
October SPEl vs CZI 0.99 0.99 0.97 0.96 0.95
SP1vs CZI 0.99 1.00 1.00 1.00 1.00
SPEI vs SPI 0.80 0.95 0.95 0.96 0.95
November SPEIl vs CZI 0.80 0.95 0.95 0.96 0.95
SPI vs CZI 0.96 1.00 1.00 1.00 1.00
SPEI vs SPI 0.67 0.97 0.95 0.96 0.95
December SPEI vs CZI 0.67 0.97 0.93 0.96 0.95
SP1vs CZI 1.00 0.99 0.99 1.00 1.00
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TABLE B

Pairwise comparison matrix generated for Robustness, Tractability, Transperency, Sophistication, Extendibility and Dimensionality

Indices SPI SPEI Deciles CzI PN RAI
Robustness
SPI 1.00 1.00 4.00 1.00 6.00 4.00
SPEI 1.00 1.00 4.00 1.00 6.00 4.00
Deciles 0.25 0.25 1.00 0.25 1.00 1.00
Czl 1.00 1.00 4.00 1.00 6.00 4.00
PN 0.17 0.17 1.00 0.17 1.00 1.00
RAI 0.25 0.25 1.00 0.25 1.00 1.00
Total 3.67 3.67 15.00 3.67 21.00 15.00
Tractability
SPI 1.00 2.00 0.33 2.00 0.25 0.33
SPEI 0.50 1.00 0.25 0.50 0.20 0.25
Deciles 3.00 4.00 1.00 3.00 0.50 1.00
CzI 0.50 2.00 0.33 1.00 0.25 0.33
PN 4.00 5.00 2.00 4.00 1.00 2.00
RAI 3.00 4.00 1.00 3.00 0.50 1.00
Total 12.01 18.00 492 13.53 2.70 491
Transparency
SPI 1.00 2.00 0.50 1.00 0.33 0.50
SPEI 0.50 1.00 0.33 0.50 0.25 0.33
Deciles 2.00 3.00 1.00 2.00 0.50 1.00
CzI 1.00 2.00 0.50 1.00 0.33 0.50
PN 3.00 4.00 2.00 3.00 1.00 2.00
RAI 2.00 3.00 1.00 2.00 0.50 1.00
Total 9.53 15.06 5.33 9.53 291 5.33
Sophistication
SPI 1.00 0.50 3.00 1.00 4.00 3.00
SPEI 2.00 1.00 4.00 2.00 5.00 4.00
Deciles 0.33 0.25 1.00 0.33 2.00 1.00
CZzI 1.00 0.50 3.00 1.00 4.00 3.00
PN 0.25 0.20 0.50 0.25 1.00 0.50
RAI 0.33 0.25 1.00 0.33 2.00 1.00
Total 4.92 2.70 12.50 4.92 18.00 12.50
Extendibility
SPI 1.00 3.00 1.00 1.00 1.00 1.00
SPEI 0.33 1.00 0.33 0.33 0.33 0.33
Deciles 1.00 3.00 1.00 1.00 1.00 1.00
CZzI 1.00 3.00 1.00 1.00 1.00 1.00
PN 1.00 3.00 1.00 1.00 1.00 1.00
RAI 1.00 3.00 1.00 1.00 1.00 1.00
Total 5.33 16.12 5.33 5.33 5.33 5.33
Dimensionality
SPI 1.00 1.00 1.00 1.00 1.00 1.00
SPEI 1.00 1.00 1.00 1.00 1.00 1.00
Deciles 1.00 1.00 1.00 1.00 1.00 1.00
CzI 1.00 1.00 1.00 1.00 1.00 1.00
PN 1.00 1.00 1.00 1.00 1.00 1.00
RAI 1.00 1.00 1.00 1.00 1.00 1.00
Total 1.00 1.00 1.00 1.00 1.00 1.00
o —0
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