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ABSTRACT

Rainfall is the most dependent weather factor that decides the success or failure of a crop in a
location. The behaviour of rainfall plays a major role in the selection of crop, cropping system and
cropping pattern. It is also essential for planning of water resource management structures. Hence it
is essential to study the anomaly in rainfall over a long period of time to identify the deviation in
rainfall pattern over the region. Weighted Anomaly of Standardized Precipitation Index (WASP) is
an index that can help in identifying the occurrence of dry or wet spells over different time scales
(tri, hexa, nona and dodeca-monthly). The analysis was carried out for Salem district of Tamil Nadu
over a period of 30 years (1991-2020) which has an average rainfall of 990 mm per year with
bimodal distribution. The analysis shows an increase in near normal events, decrease in wet as well
as dry events with 3 m, 6 m, 9 m and 12 m WASP. The 3 m-WASP indicates the north east
monsoon have more variability in rainfall since more number of wet as well as dry events have
occurred during this season. With 6 m WASP During, in all the 3 decades, the consecutive wet as
well as dry events have been occurred during the winter and NE monsoon seasons. This shows the
risk in crop cultivation during NEM season because of higher instability in rainfall. Considering the
longer time scale of 9 m and 12 m WASP indicates the occurrence of prolonged extreme dry or
extreme wet events to be very minimal. The negative effects of these events can be handled easily
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by adopting proper drainage, water harvesting and storage structure within the farms. These
structures can also help in recharging the ground water table in addition to supplementing water

needs for the crops.

Keywords: Crop planning; dry events; rainfall; Salem district; WASP; water harvesting; wet events.

1. INTRODUCTION

For sustaining agricultural productivity, rainfall is
the most dependent weather parameter. Salem
is a district that has bimodal rainfall. Salem is
one of eight drought prone areas in Tamil Nadu
[1]. There are four components that exhibits
drought occurrence, its nature and severity.
Those are rainfall, ground water level, water
storage in reservoirs and the last is the crop
condition [2]. The foremost is the rainfall, proper
understanding about the distribution and
probabilities of occurrence of extreme events is
essential for crop planning as well as designing
of water storage structures [3].

Sometimes the failure of crop is due to the
severe droughts but majority of cases is due to
lack of knowledge about the possibilities of dry
spells as well as wet spells during the cropping
season [4]. One another many reason is lack of
proper water management viz., collection of
excess run off during occurrences of wet spells
and creation of localised storage structures to
supplement the precipitation during dry spells [5].

Salem is a district that bimodal rainfall and also
short term as well as prolonged dry spells and
wet spells that affect the cultivation of crops are
common. The possibility of predicting the
occurrence with higher accuracy is difficult
because of the higher variability in rainfall
distribution, pattern, soil type and source of water
availability for supplementing the crops. This in
turn affects the socio economic quality of the
farming community as well as food security. Also
the ground water source of Salem district is not
uniformly distributed [6-8]. Looking into the
agricultural in terms of hydrological sources over
Salem district and the importance of dry and wet
spells in crop production, a study on the rainfall
distribution for analysing the possibility of
occurrence of dry and wet spells over different
time slices is important [9].

There are a number of indices used for studying
the rainfall deficit as well as excess over
a region, WASP (Weighted Anomaly of
Standardized Precipitation) is one of the simple
index that can be used for studying the rainfall
deficit as well as excess over the region with the
long the monthly rainfall data at different time

scales [10]. WASP can also be used to analyse
the severity, duration as well as magnitude of dry
and wet events [11]. The only short come is the
requirement of minimum of 25 years of data for
analysis. The advantage is that this index gives
weightage for each month instead using annual
averages over the months [12]. Also, the factor
PiPA helps in highlighting the anomalies over the
rainfall season. With the help of this index that is
calculated over different scales, the possibility of
occurrence of deficit or the excess of rainfall over
short as well as long duration crops duration
crops can be analysed. This kind of analysis is
needed to understand the slowly evolving
drought on crop production and water resources.
Also the impact of wet and dry spells on the
hydrological sources and need for development
in the storage structures can also be spelled out.
Hence, considering the above terms this index is
taken for the study.

2. MATERIALS AND METHODS
2.1 Study Area

The Salem district is located between 11°14°N
and 12°53'N latitude and between 77°44" and
78°50'E longitude with a mean sea level of 278
m. The climate over this region is tropical sub
humid with bimodal rainfall pattern. This district is
one of the largest districts of Tamil Nadu with 20
blocks. The historical rainfall data is taken from
the ordinary rain gauge that is installed at
11.65121 degree North latitude and 78.14531
degree East longitude is taken for the analysis.

The 30 years monthly rainfall data from January
1991 to December 2021 was taken for the study.

2.2 Weighted Anomaly of Standardized
Precipitation index (WASP)

The Weighted Anomaly of Standardized
Precipitation index as proposed by Lyon and
Barnston [13] is considered for the study. The
formula for calculation of WASP is:

SUMN

OSUMN

SUM,, = Z (o) &

WAS pN =

100
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in which
P; is the observed monthly precipitation,

P is the precipitation baseline climatology
(1991-2021) for the ith month with respect to the
month/year that is actually being computed,

o; is the monthly precipitation standard deviation
and

P4 is the mean annual precipitation for a given
grid point.

The SUMy for a given Nth month is obtained
considering the preceding N months (where i=1
is the first, i=2 is the second, ..., i=N is the
current month). The WASP-Index allows a
gualitative classification of dry and wet severity
through its values, as described in Table 1. The
time frequency of droughts affecting Coimbatore
district will be assessed for four tri-decadal time
periods.

Table 1. WASP-Index values and their
corresponding classifications

WASP Interpretation
WASP =-2 Severely dry

-2 <WASP <-1 Moderately dry
-1 <WASP <1 Near Normal
1<WASP <2 Moderately wet
WASP =2 Severely wet

2.3 Intensity, Severity and Frequency of
Dry/Wet Event

The magnitude of WASP index for each month
defines the intensity of the event.

Severity of dry spells is calculated if there are 3
or more consecutive dry or wet events.

The probability of occurrence of dry or wet event
is called as frequency of the event. The
frequency of the occurrence of an event can be
calculated using the formula,

Number of dry/wet months

Probability % = x100

Total number of months

3. RESULTS AND DISCUSSION
3.1 Rainfall Fluctuation (1991-2020)

The variation annual rainfall over Salem district is
represented in the Fig. 1. The average annual
rainfall over the study region of Salem district is
990 mm. There exist a slight decreasing trend in

the total annual rainfall but the r-square value is
not significant.

The normal seasonal rainfall over the study
region is 5 mm, 173 mm, 484 mm and 328 mm
during winter, summer, South West and North
East Monsoon seasons, respectively (Fig. 2).
There is a decreasing trend in rainfall during
winter and NEM seasons; an increasing trend
during South West and Summer seasons. But
these trends are not statistically significant.

Considering the month wise distribution, the
rainfall starts with April, reaches a peak during
May, decreases till June and then again
increases till October. Finally drops during
December. This shows a good distribution in
rainfall during all the seasons except winter
months (Fig. 3).

3.2 3m-WASP

The number of extreme dry and extreme wet
events during the 30 years period is 11,
Moderate wet events is 34 and moderate dry
events is 24. Seeing the overall scenario the
number of wet events is more than that of dry
events and is given in the Table 2. The results
reveals that the number of near normal events
are increasing from 1991-2000 to 2011-2020,
with reduction in number of dry as well as events
over the decades.

During the period of 30 years, in winter season
there is only 2 wet events and all other month
exhibit near normal. Summer season has
recorded only one wet and no dry events. This
might be due to summer rains or pre monsoon
showers.

There are 11 moderate dry events and one
extreme dry event in South West Monsoon
during 1991-2020 and this is noticed to occur
during either August or September months.
There are 15 moderate wet events and 2
extreme wet events in the SWM period during
the 30 year period. Out of these 17 wet events
12 have occurred during August and September
months. This shows that during the South West
Monsoon season the August and September
months have higher variability in rainfall (Fig. 4).

During 1991-2020, North-east monsoon season
(October to December) accounts for 12 extreme
dry events out of 13 extreme dry events that
have occurred during the entire period. 15
moderate wet events out of 33 moderate wet
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events and 10 extreme wet events out of 12
extreme wet events have occurred during the
North East Monsoon season. This shows that

this is the season during which both water
shortage as well as excess rainfall has been
experienced in the past 30 years (Fig. 5).
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Fig. 3. Monthly rainfall normal (30 years average) over the study region

Table 2. Number of wet and dry events during 30 years (1991-2020) and decadal time scales
(number in brackets is the probability of occurrence) with 3 m-WASP

1991-2020 1991-2000 2001-2010 2011-2020
Extremely wet 12 (3.3) 6 (5) 4 (3.3) 2 (1.7)
Moderately wet 33 (9.2) 12 (10) 10 (8.3) 11 (9.2)
Near normal 277 (76.9) 83 (69.2) 96(80.0) 95 (79.2)
Moderately dry 23 (6.4) 9 (7.5) 7 (5.8) 7 (5.8)
Extremely dry 13 (3.6) 5(4.2) 3(2.5) 5(4.2)
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Fig. 4. The wet and dry spells over 30years periods with 3m-WASP
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Fig. 5. Occurrence dry and wet events over different seasons with 3m-WASP
During the 30 vyears period, the number also the numbers of near normal events are

consecutive (3 months) dry event is 7 and
consecutive dry events are 10. The decadal
occurrence of consecutive events is presented in
the Table 3. Looking into the decadal split the
number of consecutive wet as well as dry events
is found to reduce and also it is clear that the
number of consecutive wet events to be higher at
all the period. Most of consecutive wet or dry
events have occurred during September to
December months i.e. the North East Monsoon
season [14]. This shows that these are months in
which the variability in rainfall is higher and is
mostly prone to short term drought as well as
flood. So, proper prior contingency management
strategies has to be planned to mitigate water
shortage and also proper storage structures has
to be erected to save the excess run off.

3.3 6m-WASP

The number of extreme wet events during the
30-year time slice is 10 and a moderate wet
event is 47. Whereas the number of extreme dry
events is 11 and moderate dry events is 32. This
shows that the number wet events are more than
the number of dry events. As in case of WASP3,
in six month time scales calculation of WASP

increasing while there is no trend in extreme wet
or dry events. Whereas there exist a decreasing
trend in moderate wet and moderate dry events.
The distribution of wet and dry events over the
30 years of period is represented in the Fig. 6.

Out of 11 extreme dry events 7 have occurs
during winter and 4 during NEM. Out of ten
extreme wet events 3 occurs during winter and 5
during NEM season. More than 90 per cent of
near normal events have occurred between April
to September months over 30 years of time
period. The decadal spread has been presented
in the Table 4. This shows the instability in
rainfall distribution during the winter and NE
monsoon seasons. From the result it would also
be concluded that during the south west
monsoon season the rainfall is distributed well
and hence the number of near normal events are
more during this season when compared to that
of the other three seasons. Also during the SWM
season the number of moderate dry events are
only two, moderate wet are 6 and only one
extreme wet event over a period of 6 months’
time slice is noticed. The number of dry and wet
events distributed over different seasons is
depicted in the Fig. 7.
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Table 3. Decadal occurrence of 3 consecutive events for WASP,

1991-2020 1991-2000 2001-2010 2011-2020
Consecutive dry spells 7 3 2 2
Consecutive wet spells 10 5 3 2
6m-WASP
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Fig. 6. The wet and dry spells over 30years periods with 6 m-WASP
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Fig. 7. Occurrence dry and wet events over different seasons with 6m-WASP

Table 4. Number of wet and dry events during 30 years (1991-2020) and decadal time scales
(number in brackets is the probability of occurrence) with 6m-WASP

1991-2020 1991-2000 2001-2010 2011-2020
Extremely wet 10 (2.8) 3(2.5) 7 (5.8) 0
Moderately wet 47 (13.1) 21 (17.5) 14 (11.7) 12 (10)
Near normal 255 (70.8) 73 (60.8) 87 (72.5) 95 (79.2)
Moderately dry 32 (8.9) 13 (10.8) 11 (9.2) 8 (6.7)
Extremely dry 11 (3.1) 5(4.2) 1(0.8) 5(4.2)

There is a decreasing trend in the number
consecutive wet and dry spells (Table 5) from
1991-2000 to 2011 to 2020. During all the 3
decades, the consecutive wet as well as dry
events have been occurred during the winter and
NE monsoon seasons. This shows the instability
in rainfall distribution during north east
monsoon [15].

3.4 9m-WASP

The number of near normal, moderate wet,
moderate dry, extreme wet and extreme dry

events are given in Table 6. From the data it is
clear that the number of near normal events is
increasing and number of moderate dry and
moderate wet events is decreasing along the
decadal time scale. The spread of wet and dry
events is shown in Fig. 8.

Considering the longer time scale of 9 months for
calculating WASP clearly indicates that the

occurrence of prolonged extreme dry or extreme
wet events is very minimal.

Among seasons the extreme dry events have
occurred during the north east monsoon (37.5%),
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summer (37.5%) and winter seasons (25%). All
the 8 extreme dry events recorded during the
2011-2020 decade have occurred during October
2016 to May 2017. The year 2016 is extreme

drought year and this has been reflected in the
Table 6.

Sci., vol. 34, no. 24, pp. 99-108, 2022; Article no.lJPSS.94439

Also it could be noticed that occurrence of
extreme events which is calculated using
accumulation over 9 month time scale is minimal
(Fig. 9).

Table 5. Decadal occurrence of 3 consecutive events for 6m-WASP

1991-2020 1991-2000 2001-2010 2011-2020
Consecutive dry spells 8 3 3 2
Consecutive wet spells 9 5 2 2

Table 6. Number of wet and dry events during 30 years (1991-2020) and decadal time scales
(number in brackets is the probability of occurrence) with 9m-WASP

1991-2020 1991-2000 2001-2010 2011-2020
Extremely wet 4(1.1) 0 4 (3.3) 0
Moderately wet 61 (16.9) 29 (24.2) 22 (18.3) 10 (8.3)
Near normal 233 (64.7) 58(48.3) 78 (65.0) 97 (80.8)
Moderately dry 46 (12.8) 25 (20.8) 16 (13.3) 5(4.2)
Extremely dry 8(2.2) 0 0 8 (6.7)
3 - 9m-WASP
2 .
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Fig. 8. The wet and dry spells over 30years periods with 9m-WASP
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Fig. 9. Occurrence dry and wet events over different seasons with 9m-WASP
Table 7. Decadal occurrence of 3 consecutive events for 9m-WASP
1991-2020 1991-2000 2001-2010 2011-2020
Consecutive dry spells 8 3 3 2
Consecutive wet spells 8 5 3 1

105



Pradipa et al.; Int. J. Plant Soil Sci., vol. 34, no. 24, pp. 99-108, 2022; Article no.lJPSS.94439

Table 8. Number of wet and dry events during 30 years (1991-2020) and decadal time scales
(number in brackets is the probability of occurrence) with 12m-WASP

Time scale 1991-2020 1991-2000 2001-2010 2011-2020
Extreme wet 1(0.3) 0 1(0.3) 0
Moderately wet 57 (15.8) 27 (7.5) 27 (7.5) 3(0.8)
Near normal 226 (62.8) 50 (13.9) 73 (20.3) 103 (28.6)
Moderately dry 55 (15.3) 32 (8.9) 19 (5.3) 4(1.1)
Extreme dry 10 (2.8) 0 0 10 (2.8)
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Fig. 10. The wet and dry spells over 30years periods with 12m-WASP
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Fig. 11. Occurrence dry and wet events

As in WASPg, there is a decreasing trend in the
number consecutive wet and dry spells (Table 7)
from 1991-2000 to 2011 to 2020.

3.5 12m-WASP

The number of near normal, moderate wet,
moderate dry, extreme wet and extreme dry
events is given in Table 8. From the data it is
clear that the number of near normal events is
increasing and number of moderate dry and
moderate wet events is decreasing along the
decadal time scale. The value of 12m- WASP is
depicted in the Fig. 10.

Considering the longer time scale of 12 months
for calculating WASP clearly indicates that the

over different seasons with 12m-WASP

occurrence of prolonged extreme dry or extreme
wet events is very minimal. All the extreme dry
periods have occurred during the recent decade
(2011 - 2020) and it was due to the severe
drought that has occurred during 2016.

Among seasons the moderate dry and moderate
wet spells have spread almost equally (Fig. 11).
This shows that the probability of 12 months
cumulated extreme events over the study region
is very minimal. But the moderate dry as well as
wet evet occurrence is seen to be equally
distributed over all the season. The negative
effects of these events can be handled easily by
adopting proper drainage, water harvesting and
storage structure within the farms. These
structures can also help in recharging the ground
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water table in addition to supplementing water
needs for the crops [16,17].

The outcomes of this study show that this
drought index would be a good indicator of the
moderate dry events which would have an
impact on the rain dependent agriculture. Since
droughts have deep impacts on water resources,
agriculture and the environment, this s
particularly relevant.

4. CONCLUSION

The analysis of dry events over 30 years in
Salem showed a highest number of dry events
and wet events have occurred during the NEM
and winter seasons in case of 3m- WASP and
6mM-WASP. This shows the higher variability in
rainfall during these seasons. In case of longer
term WASP the seasonal occurs are accumulated
over longer periods and shows minimal extreme
events. WASP has a higher efficiency in capturing
dry events over short period that would have a
much higher impact on agricultural crops
production. Harvesting of rainfall that is excess
during wet spells is essential for complementing
the shortage during dry events. This also helps in
recharging the ground water table in addition to
supplanting the agricultural needs. This study
helps in selection of suitable crop and variety
based on the growth phases of the crop and the
water requirement of the crop for the region. Also,
based on the results construction of water
harvesting structure for the region is possible for
providing irrigation support as well as enhancing
the ground water table levels in the changing
climate for sustainability.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Nathan KK. Droughts in Tamil Nadu: A

qualitative and quantitative appraisal.
Drought Network News. 1998;(1994-
2001):62.

2. Paredes-Trejo F, Barbosa HA,
Giovannettone J, Kumar TL, Thakur MK,
Buriti CDO, Uzcategui-Bricefio C. Drought
assessment in the S&o Francisco River
Basin using satellite-based and ground-
based indices. Remote Sensing. 2021;13
(19):3921.

3.

10.

11.

12.

107

Pani A, Ghatak I, Mishra P. Understanding
the water conservation and management
in India: an integrated study. Sustainable
Water Resources Management. 2021;7(5):
1-16.

Selvaraj T, Devadas P, Perumal JL,
Zabaniotou A, Ganesapillai M. A
comprehensive review of the potential of
stepwells as sustainable water
management structures. Water. 2022;14
(17):2665.

Srinivasarao C, Rao KV, Gopinath KA,
Prasad YG, Arunachalam A, Ramana
DBV, Mohapatra T. Agriculture
contingency plans for managing weather
aberrations and extreme climatic events:
development, implementation and impacts
in India. Advances in Agronomy. 2020;159:
35-91.

Jegankumar R, Nagarathinam SR,
Kannadasan K. Spatial distribution of
rainfall in Salem and Namakkal districts.
International Journal of Geomatics and
Geosciences. 2012;2(4):986.

Thilagavathi N, Subramani T, Suresh M,
Ganapathy C. Rainfall variation and
groundwater fluctuation in Salem Chalk
Hills area, Tamil Nadu, India. International
Journal of Application or Innovation in
Engineering & Management. 2014;3(1):
148-161.

Rajendran V, Venkatasubramani R.
Frequency analysis of rainfall deviation in
Dharmapuri district in Tamil Nadu. Indian
Journal of Geo Marine Sciences. 2017;46
(08):1710-1714.

Nagarajan K. Weekly rainfall analysis
using the Markov chain model in the
Dharmapuri region of Tamil Nadu. Journal
of Applied and Natural Science. 2022;
14(SI):213-219.

Ashipala SN. Effect of climate variability on
pearl millet (penn/setum  Glaucum)
productivity and the applicability of
combined drought index for monitoring
drought In Namibia (Doctoral dissertation,
University of Nairobi); 2013.

Andrade C, Contente J, Santos JA.
Climate change projections of dry and wet
events in Iberia based on the WASP-
Index. Climate. 2021;9(6):94.

Rajavel M, Pradipa C, Bhuvaneeshwari K,
Guhan V, Vakeswaran V, Gowtham R,
Prinyanka S. Deviation in occurrence of
climatic drought over western zone of
Tamil Nadu; 2022.



13.

14,

15.

Pradipa et al.; Int. J. Plant Soil Sci., vol. 34, no. 24, pp. 99-108, 2022; Article no.lJPSS.94439

Lyon B, Barnston AG. ENSO and the
spatial extent of interannual precipitation
extremes in tropical land areas. Journal of
Climate. 2005;18(23):5095-5109.

Dhar ON, Rakhecha PR, Kulkarni AK.
Fluctuations in northeast monsoon rainfall
of Tamil Nadu. Journal of Climatology.
1982;2(4):339-345.

Jagannathan R. Characterization of rainfall
and length of growing period over North
Western Zone of Tamil Nadu. The Indian
Ecological Society. 2017;44(2):232-238.

16.

17.

Kumar S, Ramilan T, Ramarao CA, Rao
CS, Whitbread A. Farm level rainwater
harvesting across different agro climatic
regions of India: Assessing performance
and its determinants. Agricultural Water
Management. 2016;176:55-66.

Mandal S, Vema VK, Kurian C, Sudheer

KP. Improving the crop productivity in
rainffed areas with water harvesting
structures and deficit irrigation

strategies. Journal of Hydrology. 2020;586:
124818.

© 2022 Pradipa et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/94439

108


http://creativecommons.org/licenses/by/4.0

