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ABSTRACT

Droughts happen when there is not enough rainfall for a longer period of time. When there
is so little precipitation (rainfall, snow etc.) the whole region starts to dry out. Sometimes

Keywords a drought take decades to develop fully and they are very difficult to predict. Rainfall data
of 15 years (2001-2015) based on standard weeks was analyzed for Etawah district of

Rainfall, Probability Uttar Pradesh. The monthly maximum rainfall at different probability levels was
level, Drought calculated using Gumbel's Probability method. The daily rainfall data series was divided
pattern, Etawah into annual, seasonal, monthly and weekly data series. A year was divided into three
: seasons i.e. monsoon (June to September), winter (October to January) and summer
Article Info (February to May). The last day of every year (365" day) and last two days of a leap year
are accounted as 52" week. It was observed that the maximum number of drought weeks

Accepted: during the 15 years period was 15 times during the 19" week while, the minimum numbers
SRR of drought weeks was 6 times which were found in the 33" and 35" standard week. The
f(‘)’i'/:ab'ﬁ gonzline. maximum number of surplus weeks during the 15 years period was 4 during 27", 32" and
arc 34™ week however, the minimum numbers of surplus weeks i.e. 0 were found in the 6

and 19" standard week of the year.

Introduction precipitation pattern is markedly seasonal, or

is otherwise highly variable, are the most
The word “drought” is a relative term, and is ~ susceptible. Unlike most natural disasters,
defined differently by different regions and  drought onset is difficult to identify.
sources. Webster’s Dictionary defines drought ~ Meteorological and agricultural ~ drought
as “a long period of no rain”; though this is an occurrences along time and space take place
inadequate definition for the water supply  randomly and therefore their scientific
industry. Droughts are major natural disasters ~ quantifications are  possible by the
for many parts of world. Dry areas, where probabilistic methods. Drought is complex
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event which may impair social, economic,
agricultural and other activities of society.
Drought means scarcity of water, which
adversely affects various sectors of human
society, e.g. agriculture,  hydropower
generation, water supply, industry (Kasa et
al., 1999). The greater the demand placed on
an area's water resources, the more serious is
the drought (Sudhishri et al., 2004).

Materials and Methods

The study was conducted in Etawah district of
Uttar Pradesh in the year 2016. Etawah
district of Uttar Pradesh lies entirely in the
Gangetic plain. For the pesent study, the
rainfall data were collected for a period of 15
year (2001-2015) from Meteorological
Department, Etawah (U.P.). Data were
tabulated and analyzed using percentage, rank
order and Gumbel Distribution Method of
calculated the mean, standard deviation and
probability level.

The week was classified as drought week in
which rainfall received less than 50 percent of
average rainfall. (Ramdas and Malik., 1940).
The month was classified as drought month in
which precipitation received was less than 50
per cent of average monthly rainfall. (Aher et
al., 2012).

Results and Discussion

The rainfall was categorized based on weekly,
monthly and annual rainfall data for drought,
normal and surplus conditions. The present
study was conducted for planning and
management of irrigation in Etawah district of
Uttar Pradesh. The irrigation requirement of
different crops was determined using various
climatological and effective rainfall data of
the command area. Estimation of weekly
rainfall probabilities plays a vital role in crop
planning.
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Weekly rainfall

Probability analysis of rainfall for 15 years
was done wusing Weibull’s method for
calculating the rainfall for drought, normal
and surplus conditions. The weekly
distribution of rainfall is shown in the Table 1
and graphically represented in Figure 1. The
maximum weekly rainfall during 15 years
period was 52.64 mm in the 30" week while
minimum weekly rainfall was 0 mm in 19"
week. Number of weeks under drought,
surplus and normal conditions are shown in
Table 1. It is clear from the Table 1 that the
maximum number of drought weeks durin%
the 15 years period was 15 was in the 19"
week however, the minimum number of
drought weeks i.e. 6 were found in the 33"
and 35" standard week of the year.

The maximum number of Surplus weeks was
4 in the 27", 32" and 34" week, while, the
minimum numbers of surplus weeks i.e. 0
were found in the 6" and 19" standard week.
The maximum number of normal weeks was
7 in the 33 week while, the minimum
numbers of normal weeks i.e. 0 were found in
the 1st’ 2nd1 3rd’ 7th1 8th 9th1 10th, 1lth, 14th’ 16th,
17 18M 19™ 21% 43™ 45M 46" 47" 48"
49" 50" and 52" standard week

Monthly rainfall

The average monthly rainfall of 15 years
(2001-2015) is shown in Table 2 and
graphically represented in figure 2. From the
table it is clear that the average monthly
rainfall of these periods was of erratic nature
with minimum rainfall of 2.13 mm during
November while the maximum rainfall of
161.38 mm during July was observed. The
erratic distribution of precipitation was
observed during Rabi season (October-
January) thereby preventing the farmers to go
for Rabi crops. Therefore, the irrigation must
be assured for sowing of Rabi crops.
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Estimation of weekly rainfall probabilities
plays a significant role in crop planning.

Annual and seasonal rainfall

The annual and seasonal rainfall of 15 years
(2001-2015) is shown in Table 3 and
graphically represented in figure 3 and 4. It is
clear from the table that annual rainfall of
these periods was of erratic nature with
minimum annual rainfall of 0 mm during
2013 while, the maximum annual rainfall was

760.1 mm during 2008. The maximum
seasonal rainfall during monsoon season was
933.82 mm during 2003 while, minimum was
0 mm during 2013. As shown in Figure 3 the
peak values of annual rainfall were observed
during the year 2003, followed by 2008,
2010, 2011, 2015, 2001, 2009 and 2004
whereas droughts were observed during the
year 2002 followed by 2012, 2005, 2006,
2007, 2014 and 2013 for which the annual
rainfall was less than mean annual rainfall
(498.77).

Table.1 Number of drought, normal and surplus weeks during 2001-2015

Standard  Average Value of rainfall (mm)
Weeks rainfall Drought | Surplus week
(mm) Week (more than)
(less than)

1 0.2 0.1 0.4

2 0.65 0.327 1.31

3 3.167 1.583 6.33

4 3.3 1.65 6.6

5 0.572 0.286 1.144

6 0.067 0.033 0.133

7 4.533 2.267 9.067

8 3.733 1.867 7.467

9 0.347 0.173 0.693

10 0.233 0.117 0.467

11 0.6 0.3 1.2

12 2.027 1.013 4.053

13 5 2.5 10

14 2.067 1.033 4.133

15 1.733 0.867 3.467

16 0.867 0.433 1.733

17 1.1 0.55 2.2

18 0.4 0.2 0.8

19 0 0 0

20 0.707 0.353 1.413

21 0.633 0.317 1.267

22 7.647 3.823 15.293
23 1.6 0.8 3.2

24 2.62 1.31 5.24

25 7.233 3.617 14.467

Normal week | Drought @ Surplus | Norm
(between) al
0.1-04 14 1 0
0.33-1.31 13 2 0
1.58-6.33 13 2 0
1.65-6.6 11 1 3
0.29-1.14 13 1 1
0.03-0.13 14 0 1
2.27-9.07 13 2 0
1.87-7.47 12 3 0
0.17-0.69 14 1 0
0.12-0.47 13 2 0
0.3-1.2 13 2 0
1.01-4.05 12 2 1
2.5-10 13 1 1
1.03-4.13 14 1 0
0.87-3.47 13 1 1
0.43-1.73 14 1 0
0.55-2.2 12 3 0
0.2-0.8 14 1 0
0-0 15 0 0
0.35-1.41 13 1 1
0.32-1.27 12 3 0
3.82-15.29 9 3 3
0.8-3.2 12 1 2
1.31-5.24 9 3 3
3.62-14.47 8 3 4

Total number of weeks
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26 8.721 4.36 17.443 4.36-17.44 10 2 3

“
-_
-_
l-
-_l-
-_l-
o3 212 . 434

40 | 9553
41 4667

17.92 4.48-17.92
| | |

4 | 16 | 08 | 32 | 0832
| | |

46 | 06 | 03 | 12 0312 | 14 | 1 | 0 |

47 0583 0267 1067 027107 14 1 0

4 | 08 | 04 | 16 0416 | 14 | 1 | 0
| | |

0.067 0.033 0.133 003-013 | 14 | 1 | 0
| |

52 0.653 0.327 1.307 0.33-1.31-1.30 12 3 0

Table.2 Mean Monthly Rainfall during 2001-2015

Month Monthly Rainfall (mm

|

8.61
|
|

31.35
|

122.16
|

13.75
|

December 5.2
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Table.3 Annual and seasonal rainfall distribution (2001-2015)

Year Annual rainfall Seasonal rainfall Seasonal rainfall/
(mm) (June to Sep) Annual rainfall (%)

Table.4 Probability and recurrence interval of annual rainfall (2001-2015)

Year Annual Rainfall in | Rank (m) | P=m/(N+1) | T=1/P P (%) =
Rainfall | decreasing m/(N+1)*100
(mm) order

“
-
“
-_
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Table.5 Probability and recurrence interval of seasonal rainfall (2001-2015)

Year Seasonal | Rainfall in | Rank (m) | P=m/(N+1) T=1/P P (%) =
rainfall decreasing m/(N+1)*100
(June to order
September)

2001 47438
2003 93382
2004 | 3738 | 6006 | 4 | 3422 | 025 | 3738
2005 3745
2006 | 3422 | 4577 6 | 3745 | 0375 | 3422
2007 194

7 8773 043 194
2008 | 7106 | 4298 | 8 | 4208 | 05 | 7106
2009 4428 373 9 428 0563 4428
2011 6811 8788 11 47438 0687 631
2013 0 2217

2014 221.7 710.6 0.875 221.7
2015 4298

Table.6 Expected monthly distribution of rainfall (mm) at different probability levels

Month 10% 30% 50% 70% 90%

059 | 157 | 627 | O | 0
12.66 0086 | 0
76.89 46.04 2651 | 999 0

208.75 112.79 81.35 52.86
46.21 24.22 029 | 0 | 0
1889 | 987 | 415 | 0 | 0
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Table.7 Expected weekly distribution of rainfall (mm) at different probability levels

Weeks Rainfall (mm)

L B

24.21 129 | 58 | 0 | 0
| |

24 | 88 | 44 | 165 | 0 | 0
| |

26 | 2811 | 1497 | 666 | 0 | 0

28 | 7808 | 4557 | 2498 | 759 0

-_

-_
o 5212

R _67.69 4162 | 2511 | 1115 | 0 |

3 _111.01 6286 _32.36 659 | 0

38 110.32 59.91 27.99 1.013 0
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52 2.76 1.33 0.43 0 0

Fig.1 Mean weekly rainfall distribution (2001-2015)
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Fig.2 Mean monthly rainfall distribution (2001-2015)
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Fig.3 Annual rainfall distribution (2001-2015)
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Fig.4 Seasonal rainfall distribution (2001-2015)
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Fig.5 Recurrence interval of annual rainfall during (2001-2015)
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Fig.6 Recurrence interval of Seasonal rainfall during (2001-2015)
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Probability analysis for annual rainfall and
seasonal rainfall

The knowledge of annual rainfall and
maximum daily rainfall is of great importance
in hydrologic design of structures and flood
control. To forecast the maximum daily
rainfall, the probability curves were prepared
for hydrological events. The observed
maximum daily rainfall, annual rainfall and
seasonal rainfall values with Weibull’s
probability distribution were plotted on the
frequency curves. The rainfall values were
decreasing with the increasing probability
levels. The probabilities and recurrence
interval of annual rainfall are shown in Table
4 and graphically represented in Figure 5 and
probabilities and recurrence interval of
seasonal rainfall are shown in Table 5 and
graphically represented in Figure 6.

Analysis of Monthly Rainfall

The monthly rainfall at different probability
level is given in Table 6. From the table it was
clearly observed that at 10% probability level,
the maximum rainfall was 331.49 mm during
September while, the minimum rainfall was
9.19 mm during November. Also at 90%
probability level, the maximum rainfall was
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52.86 mm during July while, minimum
rainfall of 0.00 mm was observed during
January, February, March, April, May, June,
September,  October,  November and
December.

Analysis of Weekly Rainfall

The weekly rainfall at different probability
level is given in Table 7. From the table it is
clear that at 10% probability level, the
maximum rainfall was observed 149.85 mm
during 30" week while, the minimum rainfall
was observed 0 mm during 19" week. The
maximum rainfall at 30% probability level
was 83.99 mm during 30" week while, the
minimum rainfall observed was 0 mm during
19™ week. Similarly, the maximum rainfall
for 50% probability level was 42.29 mm
during 30" week while minimum rainfall was
0 mm during 19" week. At 70% probability
level maximum rainfall was 12.9 mm during
33" week while, the minimum rainfall
observed was 0 mm during 1%-24" 26™ and
39"-52" week.
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