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Abstract: Drought is a global catastrophe. One can simply defined it as a continued, extended scarcity in precipitation. The
amount of damages due to drought depends upon its intensity and length of time of occurrence. Incidence of drought is not
certain so it is very essential to detect, monitor and assess drought. For that drought index is very useful tool. In present study
standardized precipitation index (SPI) and standardized runoff index (SRI) i.e. indicator of meteorological drought and
hydrological drought respectively is correlated to more or less predict hydrological drought from meteorological drought. Aji
basin covering part of Rajkot and Jamnagar district of Saurastra, Gujarat is considered as a study area. SPI, SRI and their
correlation is worked out for five reservoir Ajil, Aji2, Aji3, Lalpari reservoir and Nyari2 of Aji basin at interval of 15 days
starting from 1% June and upto 1% October. To obtain SPI and SRI, 12 years (2005-06 to 2016-17) precipitation and runoff data
are used. By observing coefficient of correlation between SPI and SRI it is concluded that after 60 days there is strong
relationship between them. So after 60 days hydrological drought can be predicted based on meteorological drought.

Keywords: Drought, drought index, standardized precipitation index, standardized runoff index, coefficient of correlation.

I. INTRODUCTION
There is no standard and commonly undertaken definition of drought but generally it is defined as extended period of days, months
or years when a region notes a deficiency in water availability. It is very clear that drought cannot be seen merely as a event but have
a great impact on the environment and society of influenced area. So it is essential to examine, monitor and evaluate drought.
Droughts have been generally classified into four types like meteorological drought; deficiency of precipitation extended over some
time, hydrological drought; deficiency in water supplies leading to lake of water, agricultural drought; deficiency of soil moisture
content and socioeconomic drought; it is associate supply and demand of economic good. Drought have various worst impacts like
economic, social and environmental.
Prolonged and regionally widespread incidence of below average natural water availability is known as hydrological drought.
Hydrological drought is defined as decrease of available water in all its forms. (Abhishek A. Pathak, 2016 [3]). Hydrological drought
is nothing but enxtended meteorological drought. So considering worst impacts of drought it is very essential to more or less predict
hydrological drought from meteorological drought. And hence meteorological drought and hydrological drought are correlated using
Karl Pearson’s coefficient of correlation in present study.

A. Necessity for study

Drought analysis is carried out to check, to examine, to assess and also to predict drought episode. Such analysis is very useful to
moderate or downgrade drought impacts owing to attentiveness and drought mitigation. As hydrological drought is extended
meteorological drought so as to analyze or to characterize drought it is very essential to predict meteorological drought and correlate
it to hydrological drought. For this purpose study is carried out.

B. Study Area

Aji basin of Rajkot district of Gujarat, India is selected as a study area. Aji tributaries start off from Sardhara ridge of Rajkot district,
stream in northwest direction for a length of 102km, drain off 2130km? catchment area and terminate in little rann of Kucchchh.
From Aji basin Ajil, Aji2, Aji3, Lalpari reservoir and Nyari2 dams are considered in analysis.
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Il. METHODOLOGY
SP1 is calculated by using very simple formula as per following.
X;— X where, X; = measured single precipitation
SPI = ——— 1) = _ N R
a X = average of historical precipitation
a = standard deviation of historical precipitation
s =
lxr— x)=
S UG Y @)
n

Similarly SRI is calculated by using runoff instead of precipitation in SPI (equation 1). Following table shows description of class of
drought with aid of standardized index applicable for both SPI and SRI.

Table 1. Description of class of drought with the aid of standardized index applicable for both SPI and SRI

. Value of
Drought Categories Standardized Index

Extremely wet + 2 to more
Very wet 1.5t01.99
Moderately wet 1.0t01.49
Near normal -0.99 t0 0.99
Moderately dry -1.0to-1.49
Severely dry -1.5t0-1.99

Extremely dry -2 to less

After calculating SPI and SRI, they are correlated by coefficient of correlation to correlate hydrological drought with meteorological
drought. In this study Karl Pearson’s coefficient of correlation is used to correlate SRI with SPI.

2xi— Xy —y)

l=————— (3)
JEO; —X)? - T(y; —¥)*

Interpretation of coefficient of correlation is shown in table below.
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Table 2. Interpretation of coefficient of correlation

Value of coefficient of . .
. Relationship
correlation
0-0.3 Weak relationship
0.3-0.7 Moderate relationship
0.7-1 Strong relationship

I11. RESULT AND ANALYSIS
SPI and SIR have been calculated using equation(1). To calculate standardized indices interval of 15 days has been selected starting
from 1% of June to 1 of October. Hence drought indices have been worked out for 15 days (1% June to 16™ June - SP115/SR115), 30
days (1 June to 1% July — SPI30/SRI30), 45 days (1% June to 16™ July — SPI145/SRI145), 60 days (1% June to 1% Aug — SPI60/SRI60),
75 days (1% June to 16™ Aug — SPI75/SRI75), 90 days (1% June to 1% Sept — SPI90/SRI90), 105 days (1% June to 16™ Sept —
SPI105/SR1105) and 120 days (1* June to 1% Oct — SPI120/SR1120) from 2005-06 to 2016-17.

A. SPI
Following tables represents calculated SPI for Ajil dam, Aji2 dam, Aji3 dam, Lalpari reservoir and Nyari2 dam.

Table 3. SPI of Ajil dam
Year | SPI15 | SPI30 | SPI45 | SPI60 | SPI75 | SPI90 | SPI105 | SPI1120

2005/06 0.752 1.916 | 1.183 | 1.004 | 0.375 | 0.133 | 0.385 | 0.569

2006/07 | 0.913 | 0.202 | 0.305 | 0.967 | 0.117 | 0.081 | -0.214 | -0.329

2007/08 | o oo | o149 | 1661 | 0998 | 2.128 | 1.879 | 1434 | 1.646
2008/09 | 2.615 | 0.709 0_(;04 0.5'53 0.031 0.2'05 0.193 | 0.453
2009/10 0.7'52 0.7'93 01;36 1.028 0.(;25 0.278 | -0.055 | -0.386
2010/11 0.3:86 0.7'93 0.(;50 0.499 | 0.883 | 1.296 | 1.913 | 1.370
2011/12 0.7'52 0.5'81 0.806 | 0.146 | 0.835 | 1.037 | 1.042 | 0.708
201213 0.2-03 0.7-20 1.7_39 1.7_25 1.7_41

2013/14 | 0.804 | 0.156 | 0.189 0.1'76 0.1'82 0.2'61 -0.494 | 0.586
2014715 0.7-52 0.9-04 1.5-46 1.5-26

2015/16 | 0.584 | 1.953 | 0.844 | 0.633 0.1'37 0.3:61 -0.591 | -0.604
2016717 0.7-52 0.2;96 o.z;es o.z;95
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Table 4. SPI of Aji2 dam
Year SPI115 | SPI30 | SPI45 | SPI60 | SPI75 | SPI90 | SPI105 | SPI120

2005/06 | -0.765 | 1.671 | 0.988 | 0.678 | 0.371 | 0.292 0.461 0.670

2006/07 | -0.765 | -0.642 | -0.530 | 1.468 | 0.782 | 0.725 0.437 0.301

2007/08 | -0.765 | 0.480 | 2.062 | 1.160 | 2.105 | 1.724 1.697 1.436

2008/09 | 1.979 | -0.006 | -0.752 -0.510 | -0.714 | -0.358 | -0.111

2009/10 | -0.765 | -0.989 | -0.308 | 0.320 | -0.271 | 0.080 | -0.248 | -0.542

2010/11 | 0.547 | -0.203 | 1.136 | 0.930 | 1.028 | 1.666 1.880 1.280

2011/12 | -0.734 -0.004 | 0.376 | 0.273 | 0.248 0.534 0.131

2012/13 | -0.612 | -0.989 -1.825 | -1.770 | -1.795 -1.515

2013/14 | 1.370 | 0.746 | 0.062 | -0.033 | 0.113 | -0.100 | -0.375 1.351

2014/15 | -0.765 -1.567

2015/16 | 1.431 | 1.960 | 0.359 | 0.079 | -0.439 | -0.646 | -0.692 | -0.720

2016/17 | -0.155 | 0.052 | -0.049 | -0.666 | -0.294 | -0.339 | -0.609 | -0.820

Table 5. SPI of Aji3 dam
Year SPI15 | SPI30 | SPI45 | SPI60 | SPI75 | SPI90 | SPI105 | SPI120

2005/06 | egs | 0712 | 6006 | 0.186 | 0.166 | 0.384 | 0218 | 0059

2006/07 0585 | 0132 | 0.156 0.261 | 0.240 | 0.139 | -0.207 | -0.215

2007/08 | 0.007 | 0.562 | 3.062 | 2.188 | 2.640 | 2.331 | 2.204 2.142

2008/09 | 3.028 | 1124 | (oo | g oor | gaaa | 0mgg | 0525 | -0-160
200910 | o coc | g | 0325 | 0417 | o | 0231 | 0141 | -0.475
2010/11 | 0.007 i § ) 0.497 | 0.963 | 1.788 | 1.659

0.787 | 0.259 | 0.102

201112 | o N (;06 1.434 | 0.852 | 0.976 | 0.827 | 0.658
201213 0.437 0.2;81 0.5;38 1.(;11 1.6:85 1.7_80 0868
2013/14 | 0156 | 0.169 | o (;66 0 5'77 0 6 =l E;7 4 | 0945 | 031
2014/15 0.5-85 0.5-06 0.7-88 0.3;87 0.1;12 0.4:65 0572 1 -0.93%
2015/16 | 0.748 | 2.379 | 0.048 | 0.328 | 2'00 0 3'8 , | 0664 | -0.721
2016/17 0.5-85 0.5;75 0.5;08 0.5_34 O.?;64 0682
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Table 6. SPI of Lalpari reservoir
Year SPI15 | SPI30 | SPI45 | SPI60 | SPI75 | SPI90 | SPI105 | SPI120

2005/06 0.746 1.979 | 1.376 | 1.072 | 0.604 | 0.304 | 0.403 0.510

2006/07 0746 | 0154 | 0.169 0.953 | 0.105 | 0.089 | -0.248 | -0.302

2007/08 | o1a | g, 3'93 1.965 | 0.834 | 1.482 | 1.165 | 1.170 | 1.209
2008/09 | 2.748 | 0819 | o (;22 0 6;77 0 (;39 0 2'88 -0.147 | 0.169
2009/10 0.7' 46 0.805 | 1 17 | 0124 | 0263 | -0572
201011 | 2 47 0.‘;6 4o (;58 1.042 | 1.521 | 1.973 | 2.153 | 1.821
2011/12 | 0169 | 5'53 0457 | 2'03 0.932 | 1.090 | 1.256 | 0.952
2012113 0.2-47 0.6;41 0.5;04 1.5_65 l.(;78 1.7_60

2013/14 | 0.668 | 0510 | 0.310 | 1 sl 1'56 0 3'2 , | 0494 | 0.624
2014/15 0.7-46 1.(;03 1.5_06 1.(;19

2015/16 | 1.001 | 1.793 | 0.677 | 0.716 | o 1'76 o.A:1 4 | 0595 | 0643
2016/17 0.4:96 o.a;18 0.5;78 o.ése 0.7-91

Table 7. SPI of Nyari2 dam
Year SPI15 | SPI30 | SPI45 | SPI60 | SPI75 | SPI90 | SPI105 | SPI120

2005/06 | o oo | 0912 | 0.362 | 0120 | o 00| (o0 | 0023 | 0.180
2006/07 | 5'93 0 és . 0.7' g3 | 1071 | 0.375 | 0.210 | -0.097 | -0.175
2007/08 | o 5'93 0 2 43 | 1:928 | 0934 | 2317 | 1831 | 1.848 | 1.747
2008/09 | 2.913 | 1.580 | 0.607 | 0.082 0.482 0 (;57 0.163 | 0.247
2009/10 0.1;93 0.7_29 0.3_23 0280 0.3_73 0.1_02 0401 | -0.638
2010/11 | 0438 | 2 43 | 0314 | 1452 | 1.360 | 1.984 | 2.070 | 1615
201112 | o 5'93 0264 | 3'75 0.270 | 0.325 | 0.589 | 0.264
2012/13 0.2-84 0.3;65 1.5;60 1.5_47 1.6:59 0949

2013/14 | 0.851 | 0.669 | 0.832 | 0.120 | 0.061 | 1'90 -0.449 | 1.007
2014/15 0.5-93 1.(;93 0.5515

2015/16 | 0.232 | 2.006 | 0.803 | 0.805 | - (;85 o.z;oo -0.630 | -0.665
2016117 0.5-93 0.5-47 0.7-95 o.a;57
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B. SRI
Following tables represents calculated SRI for Ajil dam, Aji2 dam, Aji3 dam, Lalpari reservoir and Nyari2 dam.

Table 8. SRI of Ajil dam

Year | SRI15 | SRI30 | SRI45 | SRI60 | SRI75 | SRI90 | SRI105 | SRI120
2005/06 | 2.090 | 1475 | 0553 | 0052 | 1 -1 | o 2'7 o | 0229 | 0245
2006/07 0.2-22 0.4;77 0.078 o.(;az O.(;10 0.2-37 0387 | 0448
2007/08 | 3 oc | 1588 | 0607 | 2958 | 2811 | 2552 | 2519 | 2.485
2008/09 0.5-34 0.7-06 o.éaz o.éeo 0.5-44 0024 1 0.228
2009/10 0.5-59 o.ézs 0-387 o.e:m 0.2-52 0.4;01 0585 | 0642
2010/11 0_5'58 o 1'75 0.187 | 0.148 | 0444 | 1.183 | 1.114 | 1.055
2011/12 0_5'5 o | 0059 | 2301 | 0.809 | 1050 | 1084 | 1011 | 0933
201213 0.5-59 0.9-70 0.8-07 0.8-09 0.7-76 0936 | 0979
2013/14 0.2-54 0.4;80 0.7-30 0.5-58 0.5-95 o.e;7o 0147 1 0.119
2014/15 0.4;69 0.7-69 0.9-08 o.égz 0.7-18 o.e;13 0767 | 0809
2015/16 | 2.346 | 1920 | 0865 | 1 e | o 3 20 0_487 0.649 | -0.685
2016/17 0.3-98 0.8-37 0.7-83 0.8-08 0.8-12 -0-969

Table 9. SRI of Aji2 dam
Year SRI15 | SRI30 | SRI45 | SRI60 | SRI75 | SRI90 | SRI105 | SRI120

2005/06 | <os 0206 | o,y | 0070 | o | 0229 | 0564
2006/07 | 5'22 0.855 | 0.135 | 0.233 | 0.002 | 0.036 | -0.065
2007/08 | 2 9l 9 4o | 1765 | 3132 | 2.928 | 2.680 | 2.645 | 2586
2008/09 | 0.646 0.4:36 o.é73 0.4:82 0.6;13 0.6;54 0641 | -0.170
2009/10 | 3'57 0286 | o 3'70 0 3 5 | o 3'7 4 | 0453 | -0.546
2010/11 0.465 0.202 | 0.349 | 0516 | 1.059 | 1.017 | 0.931
201112 | 5'39 1.622 | 0.207 | 0.558 | 0.820 | 0.800 | 0.725
2012/13 0.6;48 0.7_27 o.é43 0.7_79 0810 | -0.905
2013714 | 0.384 0.5-89 0.6;50 0.4:87 0.6;01 0.6;72 0648 | -0670
2014/15 0.1;57 0.6;54 0.7_40 0.7_41 0.792 1 0885
2015/16 | 3.046 | 0.963 | 0.049 0.428 0 5'90 0 6 s3 | 0693 | -0.786
2016/17 O.(;86 o.éaz 0.2;13 0.4:64 0.5_72 0.6;40 0690 | -0.778
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Table 10. SRI of Aji3 dam
Year SRI15 | SRI30 | SRI45 | SRI60 | SRI75 | SRI90 | SRI105 | SRI120

2005/06 | 1.681 | 0.339 | 0.228 | 0.101 | 0.042 | .. | 0.278 | 0259
2006/07 | o 5 61 | o 5'29 1.003 | 0.158 | 0.209 | 0.013 | -0.138 | -0.159
2007/08 | o 3 17 | 3181 | 2461 | 3.147 | 2949 | 2790 | 2.590 | 2513
2008/09 | 0557 0.2_39 0.7-26 0.5_30 0.6;25 0.3;67 0424 1 -0.444
2009/10 0.5-61 0.2-06 O.(;36 0.3_92 0.3_04 0.3_91 0615 | 0633
2010/11 0.5'6 o 3'39 0 (;8 , | 0226 | 0.801 | 1176 | 1.041 | 1.003
201112 | o 5'61 0 3 47 | 0812 | 0027 | 0.126 | 0278 | 0.184 | 0.145
2012113 0.5-61 0.1;29 0.5;91 0.6;53 0.7-48 0.7_41 0951 | -0.958
2013114 0.5-06 0.5-16 0.5;78 0.6;40 0.7-26 0.7-98 0616 | 0878
2014/15 0.5-61 0.5_29 0.5544 0.6;33 0.7_25 0.7-69 0972 1 0978
2015/16 | 2.511 | 0237 | 0.168 | 3 13 0.466 0 5'69 -0.786 | -0.794
2016/17 ) ) ) ) ] ) -0.823 | -0.831

0.561 | 0.522 | 0.915 | 0.470 | 0.534 | 0.604

Table 11. SRI of Lalpari reservoir
Year SRI15 | SRI30 | SRI45 | SRI60 | SRI75 | SRI90 | SRI105 | SRI120

2005/06 | 2.368 | 1.648 | 0.978 | 0134 | | oo | (.o | 0411 | -0.410
2006/07 | 4 393 | 0261 | %% | 0.001 | 0.003 | 0163 | 3% | 0394
2007/08 | ‘;68 1.665 | 0.860 | 2.533 | 1.948 | 1.472 | 0.999 | 0.988
2008/09 | 398 | 0.804 0.609 | 0722 | 0435 | 6% | 1681
2009110 | o oo | ggg5 | 070 | 0004 | o | (oo | 0472 | 0491
201011 | fr | gggq | 0-560 | 0809 | 1507 | 1696 | 1232 | 1221
201112 | 5'67 1.030 | 1.704 | 1.007 | 1.303 | 1.805 | 1.414 | 1.411
2002113 | 578 | 0.038 0.959

2013/14 | 0.408 | 133 | 0504 | 0.558 | 0.580 | 0636 | 0117 | “0-006
2004115 | 578 | 0,963 0.999 | 0.926 | 0.907

2015/16 | 1.928 | 0.998 | 0358 | oo | (an) | gugy | 0653 | 0674
2016/17 .

0.578 | 0.963
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Table 12. SRI of Nyari2 dam
Year | SRI15 | SRI30 | SRI45 | SRI60 | SRI75 | SRI90 | SRI105 | SRI120

200506 | o1 | 0260 | 0.345 | 0.144 | 0174 | 0135 | Ot | 0176
2006/07 0.521 | 0.442 | %% | 0153 | 0.102 | 0.267 | 236 | 027
2007/08 | 1'51 3.269 | 3.053 | 3.227 | 2.970 | 2.753 | 2.532 | 2.473
2008/09 | 0.528 | 4 303 | 0572 | 0.349 | 0.455 | 0.414 | 0170 | 0144
2009101 o o1 | 0425 | 0189 | 0254 | 0.267 | 0272 | 05T | 0532
2010/11 | 0.105 | 1'80 0.258 | 0.325 | 1.101 | 1.516 | 1.378 | 1.353
2011/12 | ) ) ) ) ) -0.743 | -0.757

0.521 | 0.190 | 0.067 | 0.356 | 0.466 | 0.519

20012113 1 551 | 0482 | 0.885 | 0.608 | 0.707 | 0.683 | 0891 | 0910

2013/14 0.044 | 0.265 | 0.575 | 0.412 | 0.485 | 0.531 0.645 0.792

2014/15 0471 | 0.416 | 0.494 | 0.481 | 0577 | 0.611 | 0819 | -0828

2015/16 | 3.140 | 0.152 0129 | 0260 | 0.341 | 0.418 -0.610 | -0.633

20061171 498 | 0.458 | 0.790 | 0.537 | 0.496 | 0517 | 072 | 0733

C. Coefficient of Correlation
Coefficient of correlation has been calculated using equation 3. It is as per shown in table below.

Table 13. Coefficient of correlation between SPI and SRI

Interval

/ 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120
Dam

Ajil

)| 0.000| 0708 | 0681 | 0.555 | 0.872 | 0.882 | 0.874 | 0.897
Aji2

‘0 | 0708 | 0368 | 0.676 | 0.586 | 0.862 | 0.831 | 0885 | 0.719
Aji3

‘0= | 0365 | 0.360 | 0.848 | 0.765 | 0.923 | 0.891 | 0.823 | 0.989
Lalpart | o105 | 0.552 | 0.618 | 0.646 | 0.899 | 0.917 | 0.782 | 0.819
reservolr

Nyari2

1% | 0.360 | 0.036 | 0.613 | 0.463 | 0888 | 0.860 | 0.821 | 0.904
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Graph of coefficient of correlation v/s time interval is as per following.
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Graph 1. Coefficient of correlation v/s time interval of Ajil dam
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Graph 2. Coefficient of correlation v/s time interval of Aji2 dam
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Graph 5. Coefficient of correlation v/s time interval of Nyari2 dam

After calculating standardized indices and their interpretation, percentage of years of drought is calculated and it as per given below.

Table 14. Percentage of years of drought based on SPI

No. Occurrence of drought
of
No. % No. % No. % No. %

years
Interval 75 90 105 120
/ Dam
AL 2 | 167] 2 |1667] 3| 25 | 3 | 25
dam
A2 o | o | 167] 2 | 1667 | 2 |1667] 2 | 16567
dam
A3 12 | 1 1833 1 (833 0| o | 2 |1667
dam
Lalpari |\ 5 | 167| 2 |1667| 3 | 25 | 3 | 25
reservolr
NYariz-4 o | 5 | 167| 1 | 833 | 2 |1667| 3 | 25
dam

Table 15. Percentage of years of moderate drought based on SPI

No. Occurrence of drought
of ' \o.| % |No.| % |No| % |No | %
years
Interval 75 90 105 120
/ Dam
AL 1 g |83s| 1 833 3| 25 | 3| 25
dam
AJI2 12 | 1 |833| 1 |833| 2 |1667| 1 | 833
dam
AlI3 20l ool ool o | 21667
dam
Lalpari 5 | g | o | 1 |833| 3| 25 | 3 | 25
reservolr
Nyariz\ o | 4 |g33| o | o | 2 |1667] 3 | 25
dam
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Table 16. Percentage of years of severe drought based on SPI

No. Occurrence of drought
of I'No.| % INo.| % |No.| % |No | %
years
Interval 75 90 105 120
/ Dam
AL 1 | 833 | 1 l833] 0] ool o
dam
AJI2 12 | 1 1833|1833 0| 0| 1833
dam
A3 12 | 1 1833|1833 0|0 o0] 0
dam
Lalpari ) 1 5 1667|1833l 0| o | 0| o
reservolr
Nyariz 4o | 4 | g33| 1 [833] 0| o | o o
dam
Table 17. Percentage of years of drought based on SRI
No. Occurrence of drought
of
No. % No. % No. % No. %
years
Interval 75 90 105 120
/ Dam
Al 12 | 1833 0| 0o 0| 1]83
dam
AlI2 210 o lo]lolo]|o o] o
dam
AlI3 20l 0o ol olo|ololo
dam
Lalpari |5 | 5 | 1667| 1 |833| 3 | 25 | 3 | 25
reservolr
Nyariz 5 1 ol o | o] o lo| ool o
dam

IV. CONCLUSION
Coefficient of correlation between standardized precipitation index and standardized runoff index has been calculated. And its
interpretation has been done (Table 25 & 26). It has been found that there is strong relationship between SP1 and SRI after 60 days.
It is matter of investigation that why correlation between SPI and SRI is not strong for upto 60 days. Also occurrence of drought as
per SPI is verified with actual drought occurrence and it is as per given in table below.

Table 18. Validation table

Ajil Aji2 | Aji3 | Lalpari | Nyari2
Dam .
dam dam dam | reservoir dam
Percentage | o) 57 | 8333 | 100 | 91.67 | 91.67
of match
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