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ABSTRACT 

 

The drought analysis is a prime component in the preparedness 

of drought and the water resources management. The status of 

drought in Jaffna was investigated using standardized 

precipitation index (SPI) at 1, 3, 6, 9 and 12 months’ time scale 

using monthly rainfall (1985 – 2019) data of Thirunelvelli 

meteorological station. Results revealed that the annual rainfall 

has no trend in long term but there were seasonal and short term 

variations found. Around 29% of study period was under dry 

condition. October, November, December and January months 

can be recorded as rainy months. Higher number of wet events 

was recorded during January to March. The second inter 

monsoon and northeast monsoon received high amount of 

rainfall. The number of wet event increases with years in Yala 

and vice versa during Maha. That is there was some variation in 

the onset of rainfall in this region. Nine hydrological years 1988-

89, 1990-91, 1994-95, 2000-01, 2004-05, 2009-10, 2013-14, 

2016-17 and 2018-19 as dry years and 1985-86, 1993-94, 2001-

02, 2003-04, 2005-06, 2007-08 and 2014-15 have been 

identified as wet years. The result obtained through this time 

scale much with the country’s rainfall pattern. Therefore, SPI 

analysis confirms the historical drought situations over the 

country by using rainfall as an input. 
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INTRODUCTION 

Agriculture sector is very sensitive to the climatic 
condition. The variation in the climatic conditions; 
rainfall and temperature directly affect the 
cultivation and harvesting. Drought is one of the 
major environmental disasters, and occurs in 
almost all climatic zones and it influences the 
environment and economy of the country 
(Moumita and Sujata, 2013). Sujitha and 
Shanmugasundaram, (2017) indicated that more 
than one half of the earth is susceptible to drought 
each year. Drought originates from a shortage of 
precipitation, high evapotranspiration and 
overexploitation of water resources or 
combination of all these factors (Bhuiyan, 2004). 

As indicated by Zagar et al, (2011), drought can be 
generally defined as the extreme persistence of 
precipitation deficit over a specific region for a 
specific period. The drought can be explained by 
different ways; meteorological drought, 
hydrological drought, agricultural drought and 
socio economic drought. Asefjahet al, (2014) 
explained the before mentioned droughts as less 
amount of precipitation from the normal 
precipitation over a specific period of time, the 
shortage in surface and subsurface water 
resources, the lack of soil moisture required for the 
development of a crop at a particular period and 
the failure of a water resources to meet the water 
demand respectively. 

In addition to the deficiency created by means of 
amount, intensity and frequency of precipitation, 
the low relative humidity result from high 
temperature, high winds, greater sunshine and less 
cloud cover leads to increased evapotranspiration. 
If this type of condition exists for a certain period 
leads to the reduction in soil moisture and exposes 
the plant to the water stress condition which lead 
to the reduction in biomass and yield. Also, it will 
influence the hydrological condition of the area by 
reducing stream flow, inflow to reservoirs, lakes 
and ponds and reduced wetlands. Finally, it 
impacts the economy, social and environmental 
conditions (Zagar et al, (2011). 

Jaffna peninsula solely depends on the 
groundwater to meet its water needs by means of 
four major aquifers namely; Vallikamum, 
vadamaradchi, Thenmaradchi and Kayts. The 
rainwater received during the monsoonal period 
stored in the aquifers as groundwater. This water 
meets the water demand of different stakeholders; 
agriculture, industry, domestic etc.  

The analysis of drought in this region will help to 
effective and efficient utilization of the 
groundwater as well as to avoid the economic loss 
in the field crop cultivation. The understanding 
regarding the drought is very essential since in long 
term it will affect the agriculture as well as the 
hydrology of the region. According to Smakhtin and 
Hughes, (2004) SPI has been used in more 
applications in South West Asia than other drought 
indices due to its limited data requirement, that is 
it is based just on precipitation, flexibility and 
simplicity of calculations. The multiple time scales; 
1, 3, 6, 9 and 12 months in SPI explain different 
phenomenon as indicated in the Table 1 and it can 
be utilized for different applications. It has been 
used in recent drought related studies for 
evaluating climate change effect on agriculture, 
hydrology, water resources and ecosystem (Capra 
et al, 2012). The positive value indicates the wet 
condition and the negative value indicates the dry 
condition. Therefore, an analysis was done to 
investigate observed drought in the historical 
rainfall records using SPI with different time scale. 

 

METHODOLOGY 

Study area 

The Jaffna peninsula located at Northern part of Sri 
Lanka and covers the area of 1025km2. The four 
rainy seasons of Sri Lanka; first inter-monsoon, 
south-west monsoon, second inter-monsoon and 
the north-east monsoon can be observed in this 
region but with some variation in the starting and 
ending time. 

Data collection and analysis 

The rainfall data for the period of 1985 to 2019 was 
collected from Thirunelvelli meteorological station 
and used to analyses the drought. There are several 
techniques used to monitor drought in a region or 
worldwide (WMO and GWP, 2016). In this study 
standard precipitation index (SPI) used to analyses 
the drought (McKee et al. 1993). It is a simple index 
utilizes only precipitation data for a long period of 
time with the minimum of 30 years to describe 
drought conditions and  

it is important for a range of meteorological, 
hydrological, and agricultural application.  

Analysis was done in different time sequence, and 
time duration October to September was used as 
the hydrological year (SPI 12), October to June and 
July to March were used as 9 – month time scale 
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(SPI 9) and October to March and April to 
September were used as 6 – month time scale (SPI 
6) as these periods are cropping seasons of Maha 
and Yala, respectively, in Sri Lanka (Abeysingha 
and Rajapaksha, 2020). October to December, 
January to March, April to June, and July to 
September were used as 3 - month time scale (SPI 
3). Calculated SPI values were compared with the 
SPI classification values for dryness or wetness 
category to indicate the status of the drought 
(Table 1). The drought frequency was calculated 
using SPI. For this frequency calculation, the 
drought was defined as SPI < 0 (Liu et al., 2017). 

Table 1: Dryness or wetness category       
according to SPI value. 

Class SPI value 

Extreme wet >2 

Very wet 1.5 to 2 

Moderate wet 1.0 to 1.49 

Near normal 0.99 to -0.99 

Moderate drought -1 to -1.49 

Severe drought -1.5 to -1.99 

Extreme drought <-2.0 

Source: Jaber, 2014 

Data processing 

The Figure 1 shows the step by step process in the 
SPI calculation. First, the shape parameter (α) and 
the scale parameter (β) for the Gamma distribution 
for each time of interest were estimated. These 
parameters can be determined using following 
equation which is determine by Thom (1966) 
based on maximum likelihood method and 
followed by Sujitha and Shanmugasundaram 
(2017). 

𝐴 = ln⁡(𝑥̅) −
∑ ln⁡(𝑥̅)

𝑛
 , 

 𝛼 =
1

4𝐴
(1 + √(1 +

4𝐴

3
)) and 

𝛽 =
𝑥̅

𝛼
        (Eq 1) 

 
Where, n is the number of rainfall measurements, 
and 𝑋̅ is the mean of observed rainfall x (amount of 
precipitation over the consecutive months in 
millimeter). 
 
The gamma distribution is defined by its frequency 
or probability function. 
 

𝑔(𝑥) =
1

𝛽𝛼𝜏(𝛼)
𝑥𝛼−1𝑒

−𝑥𝑘
𝛽                                           (Eq 2) 

 
The estimated parameters are then used for 
calculating cumulative probability distribution for 
a specific precipitation event, which has been 
observed on a defined time scale (McKee,1993). 
 

𝐺(𝑥𝑘) =   ∫ 𝑔(𝑥𝑘)𝑑𝑥𝑘
𝑥𝑘
0

=⁡
1

𝛽𝛼𝜏(𝛼)
∫ 𝑥𝛼−1𝑒

−𝑥𝑘
𝛽 𝑑𝑥𝑘

𝑥𝑘
0

 

          (Eq 3) 
 
Where, k is the selected time scale in months and 𝜏  
is the Gamma function. Letting t=x/ β, this equation 
becomes the incomplete gamma function. 

𝐺(𝑥𝑘) =  
1

𝜏(𝛼)
∫ 𝑡𝛼−1𝑒−𝑡𝑑𝑥𝑘
𝑥𝑘
0

                         (Eq 4) 

Due to undefined gamma function for xk= 0, 
then the value of G (xk) becomes 

𝐻𝑥𝑘 =   𝑞 +  (1 − 𝑞). G(𝑥𝑘)    (Eq 5) 

Noted that q is the probability of zero rainfall and 
H(x) which refers to cumulative probability is 
standardized wherewith to obtain the SPI value.  

Lastly, to finish the calculation of SPI value, 
approximate conversion by Thorn (1966) is 
believed to use. The number of zeros rainfall data 
is symbolized with m, and then the function of q 
could be estimated with m/n. The cumulative 
probability is then transformed into a normal 
standard random variable Z, with an average value 
zero and a variation of 1. The value obtained for Z 
is the SPI value. Normal standard value of random 
variable Z or SPI is accessible by using the 
approximation according to Abramowitz and 
Stegun (1964) with the equation 6 with two 
conditions. 

Condition 1: 0 <H (x) ≤ 0.5 

𝑍 = 𝑆𝑃𝐼 = −(𝑡 −  
𝐶0+𝐶1𝑡+𝐶2𝑡

2

1+𝑑1+𝑑2𝑡
2+𝑑3𝑡

3)   (Eq 6) 

Where, 𝑡 = (ln√(
1

((𝐻𝑥𝑘)
2)
) ⁡)    (Eq 7) 

Condition 2: 0⁡<H⁡(x)⁡≤⁡1.0 

𝑍 = 𝑆𝑃𝐼 = −(𝑡 −  
𝐶0+𝐶1𝑡+𝐶2𝑡

2

1+𝑑1+𝑑2𝑡
2+𝑑3𝑡

3)    (Eq 8) 

Where, 𝑡 = (ln√(
1

((1−𝐻𝑥𝑘)
2)
) ⁡)  (Eq 9) 

C0 = 2.515517, C1 = 0.802853, C2 = 0.010328, d1 = 
1.432788, d2= 0.189269, d3= 0.001308. 
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Table 2: The phenomena reflected by different time scale in SPI and its application. 

SPI duration Phenomena reflected Application 

1 month Short-term condition Short-term soil moisture and crop stress 
(especially during the growing season) 

3 months Short- and medium-term moisture 
condition 

A seasonal estimation of precipitation 

6 months Medium-term trend in soil moisture Potential for effectively showing the 
precipitation over distinct season 

9 months Precipitation patterns over a 
medium time scale  

If SPI9 <-1.5 then it is a good indication that 
substantial impacts can occur in agriculture and 
possibly other sectors 

12 months Long term precipitation patterns Possibly link with stream flows, reservoir levels 
and groundwater levels 

Source: Pramudya and Onishi, 2018  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1: The steps in SPI calculation
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Figure 2: The rainfall data for the period of 1985-2019. 
 
 
Table 3: Drought and wet occurrences. 
 

Class SPI value* 
 Percentage in category (%) 

SNDa SPI 1 SPI 3 SPI 6 SPI 9 SPI 12 

Extreme wet >2 2.3 1.90 0.72 0.24 0.49 0.00 

Very wet 1.5 to 2 4.4 4.05 5.50 2.40 5.35 5.11 

Moderate wet 1.0 to 1.49 9.2 9.29 9.57 7.69 6.08 7.54 

Near normal 0.99 to -0.99 68.2 73.10 68.90 78.85 74.94 74.45 

Moderate drought -1 to -1.49 9.2 8.81 9.33 6.97 8.76 8.03 

Severe drought -1.5 to -1.99 4.4 2.86 4.78 2.16 3.41 3.16 

Extreme drought <-2.0 2.3 0.00 1.20 1.68 0.97 1.70 

*SPI value adapted from Jaber, 2014, a – Standard Normal Distribution (SND) 
 
 

Input data for SPI calculation 

The monthly total rainfall data collected from the 
Thirunelwelli meteorological station for the period 
of 1985-2019 was used to analyze the drought 
event in the study area. The annual rainfall data 
was shown in Figure 2 for the time duration from 
1985 to 2019. To maintain the continuity in the 
time series, the missing data for the period of 1996 
and 1997 was estimated by average of the previous 
and the following year rainfall measurements for 
the same month. 
 
 

RESULTS AND DISCUSSION 

The analysis shows the drought and wet condition 
at 1, 3, 6, 9 and 12 month time scale for Jaffna 
peninsula, Sri Lanka for the period of 1985-2019 
(35 years). Here, the SPI values are termed 
correspondingly as SPI 1, SPI 3, SPI 6, SPI 9 and SPI 
12.  

The SPI classification about dry and wet events and 
the percentage available in each category in the 
time scales are shown in Table 3. The SPI values are 
divided here arbitrarily into categories ranging 
from extreme wet (relative to the mean and 
standard deviation of the data) to extreme drought. 
The percentage available in the theoretical 
standard normal distribution is also presented in 
the table for a comparison with the categories for 
the data of Jaffna. With increase in the time scale 
less amount of extreme wet events were recorded. 
It was notice as vice versa for very wet event except 
SPI 6. Nine month scale shows less amount of 
moderately wet condition; implies considerable 
impact on agriculture and other sectors (Table 2). 
Moderate drought and severe drought conditions 
were highly observed in SPI 3. The result shows the 
monthly rainfall event highly fluctuating and the 
value is higher than the normal distribution 
probability of the rainfall.  
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The temporal behaviour of the SPI value is 
presented in the Figure 3. The number of events for 
the drought intensities was highly variable in SPI 1 
and SPI 3. That is on a small scale the fluctuation of 
the intensities between less than -1 and greater 
than 1 is high. This variation is due to a seasonal 
component found in the rainfall data (Jaber, 2014). 
However, on a larger scale such as SPI 9 and SPI 12, 
the drought becomes less frequent. Out of 420 
months analysed the 205 months fall under 
category of normal rainfall, 120 months under dry 
condition and rest of them under wet condition. 
The maximum SPI value (-4.79) recorded in the 
year 1995 in six month timescale. For 1, 3, 9 and 12 
months’ time scale SPI value is maximum in the 
year 1995 (-3.90), 1995 (-3.90), 1992 (-3.46) and 

1995 (-3.00) respectively. These results much with 
the records of the subsidy and support provided to 
the farmers for flood and drought events. It is also 
noted that nearly 29% of the study period is under 
the influence of drought and 50% under normal 
condition. On the other hand, for the all the time 
series shown in Figure 3, there is no long-term 
trend component recognized. The slope and 
interception value of the liner regression of the 
observations were nearly zero.  

This result would be useful to explain the 
phenomenon related to severity or frequency of 
drought in this location (Jaber, 2014).

 

 

                                                                                                                                 

     

Figure 3: SPI for the rainfall data for the time scales of 1, 3, 6, 9 and 12 (a, b, c, d and e). The X axis 
shows the time (month) and Y axis shows the SPI values. 
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Figure 4: The average rainfall for the time scales of 1, 3, 6, 9 and 12 (a, b, c, d and e). The X axis shows 
the time (month) and Y axis shows the average rainfall (----- 3 year moving average,                       average 
rainfall of Jaffna). 

 
It also noted that the four seasons; north east 
monsoon, first inter monsoon, south west monsoon 
and second inter monsoons are clear in this district 
(Figure 4) and it is possible to say wet and dry 
months. As it can be seen in Figure 4, the rainy 
months in Jaffna are October, November, December 
and January (Figure 4 (a)) and most of the month 
receiving less than 100 mm rainfall in average and 
it implies the short-term soil moisture stress and 
crop stress during the growing season. To 

overcome this farmers rely on irrigation water. 
With increase in the time scale the distribution of 
average rainfall become normal. Means the 
distribution follows a bell-shape and become liner 
in SPI 12. Therefore, in this region the annual 
rainfall have no trend in long term but the seasonal 
and short term variations were recorded. These 
result much with Jayawardene et al., (2005) 
reported that annual rainfall calculated using 
monthly average did not show consistent increases 
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or decreases in Sri Lanka. The second inter 
monsoon period October and November receive 
considerably large amount of rainfall. The 
seasonality of the rainfall can be explained using 
SPI 3 (Table 2). 

The second inter monsoon and North east 
monsoon period receive high amount of rainfall 
and the south west monsoon period May to 
September received less amount of rainfall (Figure 
4 (b)). The July month is the hottest month in this 
region. These finding agree much with 
Piratheeparajah (2016).  

The SPI 3 divided into January to March, April to 
June, July to September and October to December 
(Figure 5). The results show, higher number of wet 
events were recorded during January to March, 
where the north east monsoon period covered. It 
followed by October to December (second inter 
monsoon period), July to September (south west 
monsoon period) and April to June (first inter 
monsoon period). During July to September higher 
number of moderately and severe drought 
conditions recorded. Previous study also reveals 
that, during the south west monsoon period, the 

amount of rainfall received is comparatively less 
than during other seasons, because Northern 
region is located opposite to the direction of the 
moisture laden South West Monsoon wind 
(Piratheeparajah, 2016). 

The occurrence of drought events during Maha and 
Yala can be explained by using SPI 6 since it covers 
the period of October to March and April to 
September. The number of years showing 
moderately dry condition (<-1) and wet condition 
(>1) is high in Yala (Figure 6). More frequent 
drought event recorded during Yala. Also the 
extreme cases of rainfall recorded in Yala than in 
Maha in this region. The year 1992 (-3.73) and 
1995 (-3.69) showed the extreme dry condition 
during Yala and 1995 (-4.79) during Maha. During 
the hydrological year 1987-88, the extremely wet 
event recoded.  The number of wet event increases 
with years in April to September period and vice 
versa during October to March period. Therefore, it 
can be say there were some variation in the onset 
of rainfall in this region. 

  

  

Figure 5: The SPI value for 3 months scale. The X axis show hydrological year and Y axis show SPI 3 
values. 
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Figure 6: The SPI for Yala and Maha season. The X axis show hydrological year and Y axis show SPI 
6 values.  

Table 4: The summary of SPI classes for the period of 1985-2019. 

Year SPI 1 SPI 3 SPI 6 SPI 9 SPI 12 

1985 Very wet Extremely wet Extremely wet Extremely wet Moderately wet 
1986 Extremely wet Near normal  Extremely dry Extremely dry Extremely dry 
1987 Moderately dry Extremely dry Moderately dry Moderately dry Extremely wet 
1988 Extremely wet Extremely wet Extremely wet Near normal  Extremely dry 
1989 Moderately dry Extremely dry Extremely wet Extremely wet Extremely wet 

1990 Very wet Extremely wet Extremely wet Extremely wet Extremely wet 

1991 Moderately wet Near normal  Extremely dry Extremely dry Extremely dry 
1992 Extremely dry Extremely dry Extremely dry Extremely dry Extremely dry 
1993 Near normal  Extremely dry Extremely wet Extremely wet Extremely wet 
1994 Near normal  Near normal  Moderately dry Extremely wet Near normal  
1995 Extremely dry Extremely dry Extremely dry Extremely dry Extremely dry 
1996 Near normal  Extremely dry Extremely wet Extremely wet Extremely wet 

1997 Near normal  Extremely dry Extremely wet Extremely wet Extremely wet 

1998 Extremely dry Extremely dry Near normal  Extremely wet Extremely wet 

1999 Extremely wet Extremely wet Extremely wet Extremely wet Extremely wet 

2000 Near normal  Extremely dry Extremely dry Extremely dry Extremely dry 
2001 Moderately wet Near normal  Extremely wet Extremely wet Extremely wet 
2002 Very wet Moderately wet Moderately wet Extremely wet Extremely wet 

2003 Extremely wet Extremely wet Extremely wet Extremely wet Extremely wet 

2004 Extremely wet Extremely wet Extremely wet Extremely wet Extremely wet 
2005 Extremely dry Moderately dry Near normal  Extremely dry Near normal  
2006 Extremely dry Extremely dry Extremely dry Extremely dry Extremely dry 
2007 Moderately wet Extremely dry Near normal  Extremely wet Extremely wet 
2008 Extremely wet Extremely wet Extremely wet Extremely wet Extremely wet 
2009 Near normal  Near normal  Moderately wet Moderately dry Near normal  
2010 Extremely wet Extremely wet Extremely wet Extremely wet Extremely wet 
2011 Near normal  Extremely wet Extremely wet Moderately wet Very wet 
2012 Extremely dry Extremely dry Extremely dry Near normal  Near normal  
2013 Very wet Near normal  Extremely dry Extremely dry Extremely dry 
2014 Moderately wet Near normal  Moderately wet Extremely wet Extremely wet 

2015 Extremely wet Extremely wet Extremely wet Extremely wet Extremely wet 

2016 Extremely dry Near normal  Near normal  Extremely dry Extremely dry 
2017 Extremely wet Very wet Near normal  Near normal  Near normal  
2018 Near normal  Near normal  Extremely dry Extremely dry Extremely dry 

2019 Very wet Near normal  Near normal  Moderately wet Extremely dry 
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If the SPI values are below − 2.00, then those events 
are referred to be extreme drought events (Table 
2).  Accordingly, the year 1991, 1992, 1995, 2000, 
2006, 2012, 2013, 2016 and 2018 can be denoted 
as extremely dry years (Table 4). Analyzing these 
extreme drought events is of great importance for 
the design and management of water resources 
systems ((Abeysingha and Rajapaksha, 2020).   

The annual rainfall subjected to SPI analysis and 
nine hydrological years 1988-89, 1990-91, 1994-
95, 2000-01, 2004-05, 2009-10, 2013-14, 2016-17 
and 2018-19 have been identified as dry years 
where more than 80% of the periods under dry 
condition. Among them, the 1994-95, 2004-05 and 
2013-14 hydrological years showed maximum 
number of drought event (100%) than others.  

Previous studies showed, 1988-89, 2000-01, 2013-
14 and 2016-17 as drought years in Sri Lanka 
(Abeysingha and Rajapaksha, 2020). According to 
the impact of disasters in Sri Lanka (2016) 
reported severe drought in 2001, 2004 and 2014. 
Therefore, SPI analysis confirms these historical 
drought situations over the country through SPI by 
using rainfall as an input. The hydrological years 
1985-86, 1993-94, 2001-02, 2003-04, 2005-06, 
2007-08 and 2014-15 have been identified as wet 
years. 

 

CONCLUSIONS 

From this study it can be concluded that the annual 
rainfall has no trend in long term but there were 

seasonal and short term variations found. The SPI 
can used to explain the intensity and severity of 
rainfall and seasonal rainfall pattern in this region. 
The short term moisture stress and crop stress was 
well expressed by SPI 1 and the SPI 3 and SPI 6 can 
used to express the seasonal rainfall pattern. 
October, November, December and January 
months can be recorded as rainy months. The 
second inter monsoon and North east monsoon 
period receive high amount of rainfall and the 
south west monsoon period May to September 
received less amount of rainfall.  Higher number of 
wet events was recorded during January to March, 
where the north east monsoon period was covered. 
The number of wet event increases with years in 
April to September period and vice versa during 
October to March period. Therefore, it can be say 
there were some variation in the onset of rainfall in 
this region. nine hydrological years 1988-89, 1990-
91, 1994-95, 2000-01, 2004-05, 2009-10, 2013-14, 
2016-17 and 2018-19  as dry years and 1985-86, 
1993-94, 2001-02, 2003-04, 2005-06, 2007-08 and 
2014-15 have been identified as wet years. The 
result obtained through this time scale much with 
the country’s rainfall pattern. Therefore, SPI 
analysis confirms the historical drought situations 
over the country by using rainfall as an input.  
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