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1. Abstract 

In India, monsoon refers to the rainy season. Rain has a dramatic effect on agricultural 

while a regular rain pattern is usually vital to healthy plants too much or too little rainfall can 

be harmful even devastating to crops.In Gujarat, the average rainfall ranges from 33 to 

152cm. The southern area of the state has annual rainfall ranged from 76 to 52 cm, with the 

Dangs district having the highest average rainfall of around 190 cm.The northern districts 

have rainfall of between 51 to 102cms. The rainfall in the Southern Highlands of Saurashtra 

and the Gulf of Cambay is approximately 63cm, while the other areas of Saurashtra are less 

than 63cm. During the monsoon season it receive extensive and reasonably widespread 

rainfall, with moderate to very heavy rainfall associated with the synoptic systems. For 

rainfall analysis we have included 32stations that cover Gujarat like Anand, Arnej, Dharmaj, 

Nawagam, Dabhoi,Vadodara, Godhra, Viramgam, Dahod, Derol, Sanand, Dhandhuka, 

Khandha, Devtaj and Thasra,Amreli, Dhaari, Maangrol, Mahuva, Jamnagar, Junagadh, 

Rajkot, Ladol, Radhanpur, S.K.Nagar, Bharuch, Pariya ,Tanchha , Ubhraat, Vyara and 

Navasari. Here we consider daily rainfallof monsoon months for the last 20 years from 1998 

to 2017. This is an attempt to evaluate the percentage of rainfall frequency analysis for 32 

observation station coming underGujarat in western India. So, it can be concluded that the 

criteria to define limits for Low (1-10 mm), Medium (11-24 mm), heavy (26-74 mm) and 

Very Heavy rainfall (75 mm and more) was found to be valid for all stations  coming under 

Gujarat . Thestudy concludes that the number of increasing occurrence of low rainfall and 

number of decreasing occurrence of heavy rainfall was concluded for Middle Gujarat. The 

number of increasing occurrence of medium rainfall and number of decreasing occurrence of 

low, heavy and very heavy rainfall was concluded for Junagadh. For North Gujarat, study 

show homogeneous occurrence of low, medium and very heavy and less occurrence of heavy 
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rainfall intensity. For South Gujarat, study also revealed that homogeneous occurrence of 

low, medium, very heavy and less occurrence of heavy rainfall.These results will be useful 

for agricultural scientists, decision makers, policy makers and researchers to define areas 

where agricultural production and the creation of drainage systems are taking place. 

 

Keywords: Class interval, Frequency, Middle Gujarat, Rainfall intensity, Rainfall 

 

2.INTRODUCTION 

Gujarat region falls within the Tropic of Cancer almost dividing it into two equal 

halves; however the climate is decidedly governed by the Southwest Monsoon winds and 

rains, and by the physiography of the regions under contemplate. The land-area of Gujarat is 

divided in four parts: North Gujarat, South Gujarat; Middle Gujarat and Saurashtra-Kutch. In 

Gujarat, the average rainfall ranges from 33 to 152cm. The southern area of the state has 

annual rainfall ranged from 76 to 52 cm, with the Dangs district having the highest average of 

around 190 cm.The northern districts have rainfall of between 51 to 102cms. 38TThe rainfall is 

about 63cm for southern hill parts of Saurashtra and the Gulf of Cambay, at the same time as 

the alternative regions of Saurashtra are much less than 63cm. 38T During the monsoon season, 

Gujarat, Receive extensive and reasonably widespread rainfall, with moderate to very heavy 

rainfall associated with the synoptic systems. The climate of Gujarat is humid in the southern 

districts and dry in the northern zone. The year can be divided into three parts first is the 

November to February which is winter season, the second is March to May is hot 

(summer) season and the June to September is south-western monsoon season. The October 

is intermediate month. 

      Monsoon enter Gujarat State all through third week of June and withdraws from the State 

with the aid of using second week of September. Nearly 95% of annual rainfall of State 

occurs during monsoon period, in which July contributes about 45%. The extreme southern 

area of Gujarat (Fig: 1) State get hold of maximum rainfall and reduces significantly from 

southeast to northwest. A vital feature of Gujarat downfall is that the prevalence of intense 

rainfall. Dharampur in Valsad district recorded maximum rainfall of 100 cm on two July, 

1942.India gets approximately 80% of its overall rainfall duringthe monsoon season, from 

June to September (Sahaniet al., 2003). Variation and tendencies in Indian summer monsoon 

rainfall (ISMR) have massive social and political effects as Indian agriculture is essentially 

managed through ISMR.  For social and economic planning, a proper trend analysis of ISMR 
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is therefore needed to assess the impacts of global warming.  In a study by Goswamiet al., 

2006, the role  of summer monsoon rainfall over Central India (CI) was analyzed, which 

becometotally  based on the speculation of warming environment and the belief of 

homogeneity in summer monsoon rainfall throughout CI. 46TA46Tnalysis of long-term rainfall 

records provides 46Tde46Tt 46Ta46Ti 46Tls 46To46Tf46Train patterns and variat 46Tions 46T(Lazaro et. al., 2001). In the case of 

India, 46Tclim 46Tate change 46Tis 46Texpected to have an46Tegativeimpa46Tct on herbal sources, forest 46Ts 46T, 

agriculture, and 46To46Tt 46Th46Ter46Tclim 46Tate46Ts 46T,temperature46Ts 46T,46Trainy seas 46Tons, and e46Txtrem46Teevents (M. H. Fulekar, 

R.K. Kale, 2010). Due to worldwide warming, precipitation amount, categories and timing 

are converting or are anticipated to alternate due to expanded evaporation, particularly with 

inside the tropics (Ritter, 2006) 

There are numerous research available who found trends and variability of rainfall or 

even severe rainfall events, however, all of the research is centered on facts from the beyond 

one hundred years or extra and additionally do now no longer encompass recent years 

(Guhathakurta& Ray, 2019; Guhathakurtaet al, 2015; Guhathakurta et al, 2011; Guhathakurta 

& Rajeevan, 2008 etc). Suribabu et al. (2015) carried out estimates of magnitude/frequency 

relationships stated at consultant Nigerian stations for day by day rainfall numbers. Deidda et 

al. (2006) ach46Tiev 46Ted 46Tthat 46T rainfall intensity and frequency o46Tf46T the Gandak basin, an un46Tt 46Ta46Tpp46Ted and 

unexplored hydro46Tpotenti 46Talt 46Thatis 46Tprone to excessive flood 46Ting46T. Maximum precipitation is 

probably to arise at 25.07 mm for 1-day, 37.09 mm for 2-day, 46.fifty three mm for 3-day, 

55.eight mm for four-day and 65.fifty one mm for five consecutive days for a two-12 months 

go back duration. Similarly, with a go back duration of one hundred years, a cumulative 

precipitation of 42.09, 65.83, 79.31, 86.ninety six and 94.03 mm on 1, 2, 3, 4 and 5 

consecutive days respectively is anticipated to arise. In designing the secure and monetary 

creation of numerous built systems, consisting of bridges, culverts, levees, canals and 

different irrigation and drainage works, such projections of most precipitation for special go 

back instances are significantly facilitated. The objective of the analysis is to identify the 

spatial pattern of the different rainfall intensity and Understand district wise observed rainfall 

intensity and variability in South West monsoon season (June, July, August and 

September).The present research, all the review of observed rainfall levels, anomalies and 

fluctuations was carried out on the basis of the last 20 years (1998-2017), which will help to 

explain the recent developments in adaptation and management of climate change 
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Fig. 1 Location of the districts of Gujarat 

 
3. MATERIAL AND METHOD  
 

The predicted rainfall intensity on daily basis viz no rainfall, low, medium, heavy and 

very heavy for 32 observatories station from June to October month for the duration 1998-

2017 has been utilized for variability and mean rainfall patterns(Table1).Since rainfall is very 

important parameter, attempt is made to find frequency analysis of distinctive rainfall 

intensity by finding mean, coefficient of variation and standard deviation. 

3.1. Statistical analysis of data  

The mean, variance, standard deviation, coefficient of variation and coefficient of 

skewness which describe the variability of rainfall were computed (Walck, 2007). The mean, 

variance, standard deviation and coefficient of variation are described below by statistical 

formulas:  

a) Mean  

Mean represents measures of central tendency. Arithmetic mean is given by  

 
Where, X = mean Xi = variate N = total number of observations  

b) Standard deviation 

This parameter, as a measure of variability is most adoptable to statistical analysis. It is 

computed by  
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 Where, S = standard deviation 

 c) Coefficient of variation 

This is a dimensionless dispersion parameter usually expressed as percent. It is given by X S  

 

 

 

Where, CRvR = coefficient of variation 

Class Interval of Rainfall Intensity 
Table 1. Class interval for the frequency analysisfor Gujarat state. 

Sr.n
o 

 Name of 
region 

Daily rainfall interval(mm) 
 No 

rai
n 

Low Mediu
m 

Heav
y 

Very 
heav

y 
1  Middle 

Gujarat 
0 1to10m

m 
11to24mm 25 to 74 mm >75mm 

2  Saurashtr

a 

 

0 1to5mm 6 to24mm 25 to 50 mm >50mm 

3  North 

Gujarat  

 

0 1to5mm 6 to24mm 25 to 50 mm >50mm 

4  South 
Gujarat  

 

0 1to10m
m 

11to35mm 36 to 100mm >100mm 

 

This above class interval was taken from rainfall quantification AAU monsoon research 

almanac (Vaidya et al., 2018) 

 
 
4. RESULT AND DISCUSSION 
 
4.1. Middle Gujarat 
 
 Anand has latitude 22.5645° N, longitude 72.9289°.According to AAU Monsoon 

research almanac rainfall intensity (Table 1). There are total 7305 days among that we can 

state that 868 are rainy days and 6437 are non-rainy days. Again rainy days are quantified 
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using criteria given in table1, which was decided based on frequency analysis for given 

rainfall intensity in that district/region.  Hence by programming in excel we can have counted 

that there total 297 were low rainfall days, 176 were heavy rainfall days, 317 were medium 

rainfall days and 39very heavy rainfall days. Arnej haslatitude 22.5825° N, longitude 

72.2667° E. There are total 6485 days among that 661 are rainfall days and 5824 are non-

rainfall days. Again rainfall days are subcategories like low rainfall days are 236,243 are 

medium rainfall days, heavy rainfall days are 137 and very heavy rainfall days 26.Dharmaj 

has latitude 22.4153° N, longitude 72.7895° E.There are 5448 daysamong that524are 

rainfalldays and 4924 are non-rainfalldays. Again rainfall days are subcategories like low 

rainfall days are 190, medium rainy days are 203, heavy rainy days are 176 and very heavy 

rainy days are 30.Navagam haslatitude22.4834° N, longitude 70.0721° among that 717 are 

rainfall days and 6155 are non-rainfall days.  Again rainfall days are subcategories like 237 

are low rainfall days, 245 are medium rainfall days, 141 are heavy rainfall days and 35 are 

very heavy rainfalldays.Dabhoi haslatitude 22.1323° N, longitude 73.4121° E.There are total 

6264days. Among that 646 are rainfall days and 5618 are non-rainy days. Again rainy days 

are subcategories like 185 are low rainy days, 288 are medium rainy days, 132 are heavy 

rainy days and 23 are very heavy rainy days.Khandha analysis   latitude 20.6445° N, 

longitude 73.3296° E.There are total 4123 days. Among that 424 are rainfall days and 3699 

are non-rainy days. Again rainy days are subcategories like 122 are low rainy days, 168 are 

medium rainy days, 87 are heavy rainy days and 40 are very heavy rainy days. Sanand 

analysis  has latitude 22.9913° N, longitude 72.3755° E.There are 3843 days.  Among that 

245 are rainy days and 3843 are non-rainy days. Again rainy days are subcategories like 86 

are low rainy days, 101 are medium rainy days, 45 are heavy rainy days and 8 are very heavy 

rainy days. Dhandhukha  has latitude 22.3797° N, longitude71.9816° E.  Among that 496 are 

rainy days and 6557are non-rainy days. Again rainy days are subcategories like 63 are low 

rainy days, 258 are medium rainy days, 130 are heavy rainy days and 34 are very heavy rainy 

days. Derol has latitude 23.5892° N, longitude 72.8353° E.There are 5874 days.  Among that 

647 are rainy days and 5227 are non-rainy days. Again rainy days are subcategories like 154 

are low rainy days, 312 are medium rainy days, 131 are heavy rainy days and 30 are very 

heavy rainy days. Dahod  has latitude 22.8379° N, longitude 74.2531° E.There are 3262 days.  

Among that 315 are rainy days and 2947 are non-rainy days. Again rainy days are 

subcategories like 77 are low rainy days, 148 are medium rainy days, 68 are heavy rainy days 

and 15 are very heavy rainy days. Vadodara analysis has latitude 22.3072° N, longitude 
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73.1812° E.  Among that 566 are rainy days and 5672 are non-rainy days. Again rainy days 

are subcategories like 156 are low rainy days, 240 are medium rainy days, 111 are heavy 

rainy days and 38 are very heavy rainy days. Godhra has latitude 22.7788° N, longitude 

73.6143° E.There are 7245 days.  Among that 725 are rainy days and 6520 are non-rainy 

days. Again rainy days are subcategories like 168 are low rainy days, 324 are medium rainy 

days, 176 are heavy rainy days and 39 are very heavy rainy days. Viramgam has latitude 

23.1236° N, longitude 72.0527° E.  Among that 433 are rainy days and 3910 are non-rainy 

days. Again rainy days are subcategories like 135 are low rainy days, 174 are medium rainy 

days, 79 are heavy rainy days and 34 are very heavy rainy days. Devataj analysis has latitude 

22.5373° N, longitude72.7053° E.There are 4846 days.  Among that 428 are rainy days and 

4418 are non-rainy days. Again rainy days are subcategories like 128 are low rainy days, 177 

are medium rainy days, 78 are heavy rainy days and 35 are very heavy rainy days. Thasra has 

latitude21.2263° N, longitude 79.3810° among that 251 are rainy days and 3542 are non-

rainy days. Again rainy days are subcategories like 62 are low rainy days, 105 are medium 

rainy days, 67 are heavy rainy days and 11 are very heavy rainy days. 

 

The frequency analysis was done for fifteen stations that coming under Middle 

Gujarat region. From a time series (1998-2017) 20 years data is used. The study 

concludedfrom Table 2, that low rainfall frequency was ranged between 12.7% (Dhandhuka) 

to 38.6% (Dharmaj), Medium rainfall frequency ranged between 37.7% (Anand) to 52.1% 

(Dhandhuka), Heavy rainfall frequency ranged between 18.4% (Devataj and Viramgam) to 

27.0% (Thasra) while Very Heavy rainfall frequency ranged between 3.4% (Sanand) to 9.6% 

(Khandha). The average frequency for Low (29.5%), Medium (42.3%), Heavy (21.7%) and 

Very heavy (4.4%) observed for Middle Gujarat Region. The mean value of low, medium, 

heavy and very heavy rainfall for middle Gujarat was found to be 28.8%, 41.4%, 20.4% and 

4.9% respectively.The standard deviation value of low, medium, heavy and very heavy 

rainfall for middle Gujarat was found to be 6.2%, 4.8%, 2.8% and 1.8% respectively. The 

Coefficient of variation value of low, medium, heavy and very heavy rainfall for middle 

Gujarat was found to be 21.4%, 11.5%, 13.8% and 37.5% respectively. In Table 3, the 

analysis  revealed  that the maximum number of station occur in low rainfall of about 93.3% 

and minimum number of  station occur in heavy rainfall  of  about  73.3% was concluded for 

Middle Gujarat. 
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Table 2:  Frequency (%) of different rainfall intensity for different station in Middle 
Gujarat 

 

Table 3: Percentage of station with matching frequencies 

 

 

 

 

 

 

4.2.Saurashtra 

The 17Tlatitude17T of 17TAmreli 17T, 17TGujarat 17T, India is 21.603176° N, and the 17Tlongitude17T is 

71.222084° E. There are 6572 days.  Among that 733 are rainy days and 5839 are non-rainy 

days. Again rainy days are subcategories like 324 are low rainy days, 244 are medium rainy 

days, 73 are heavy rainy days and 65 are very heavy rainy days. Dhaari has latitude21.3266° 

N, longitude 71.025° E.there are 4902 days Among that 463 are rainy days and 4439 are non-

rainy days. Again rainy days are subcategories like 184 are low rainy days, 190 are medium 

rainy days, 48 are heavy rainy days and 38 are very heavy rainy days.  has latitude 21.3266° 

N, longitude 71.025° E .there are 4902 days Among that 463 are rainy days and 4439 are 

Sr. No. 
 
 

Name of station 
 

Low 
(%) 

 

Medium 
(%) 

 
 

Heavy 
(%) 

 

Very heavy 
(%) 

 
1 Anand 34.4 37.7 21.0 4.6 
2 Arnej 37.2 38.3 21.6 4.1 
3 Dharmaj 38.6 41.3 24.3 6.1 
4 Nawagam 34.1 35.3 20.3 5.0 
5 Dabhoi 29.5 45.9 21.1 3.7 
6 Vadodara 28.1 43.2 20.0 6.8 
7 Godhra 23.2 44.7 24.3 5.6 
8 Viramgam 31.4 40.5 18.4 7.9 
9 Dahod 26.9 45.7 21.0 4.6 
10 Derol 24.4 49.4 20.8 4.8 
11 Sanand 36.9 43.3 19.3 3.4 
12 Dhandhukha 12.7 52.1 26.3 6.9 
13 Khandha 29.2 40.2 20.8 9.6 
14 Devtaj 30.1 41.6 18.4 8.2 
15 Thasara 25.0 42.3 27.0 4.4 

Mean 28.8 41.4 20.4 4.9 
Standard Deviation 6.2 4.8 2.8 1.8 

Coefficient of variance 21.4 11.5 13.8 37.5 

Class interval 
(%) of 
station 

Average frequency of low 93.3 
Average frequency of medium 73.3 
Average frequency of heavy 46.7 
Average frequency of very heavy 73.3 
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non-rainy days. Again rainy days are subcategories like 184 are low rainy days, 190 are 

medium rainy days, 48 are heavy rainy days and 38 are very heavy rainy days. 

The latitude of Mahuva, Gujarat, India is 21.092159° N, and the longitude is 71.770462° E. 

There are 6714 days among that 485 are rainy days and 6229 are non-rainy days. Again rainy 

days are subcategories like 96 are low rainy days, 219 are medium rainy days, 76 are heavy 

rainy days and 94 are very heavy rainy days. The 17Tlatitude17T of 17TJamnagar17T, 17TGujarat 17T, India is 

22.470701° N, and the 17Tlongitude17T is 70.057732° E. There are 7134 days among that 592 are 

rainy days and 6542 are non-rainy days. Again rainy days are subcategories like 259 are low 

rainy days, 181 are medium rainy days, 70 are heavy rainy days and 72 are very heavy rainy 

days. The 17Tlatitude17T of 17TJunagadh17T, Gujarat, India is 21.515471° N, and the 17Tlongitude17T is 

70.456444° E. There are 6264 days among that 885 are rainy days and 5379 are non-rainy 

days. Again rainy days are subcategories like 385 are low rainy days, 280 are medium rainy 

days, 94 are heavy rainy days and 89 are very heavy rainy days. The 17Tlatitude17T of Rajkot, 

Gujarat, India 17Tis 17T 22.308155° N, and the 17Tlongitude is 17T 70.800705° E. There are 5822 days 

among that 321 are rainy days and 5501 are non-rainy days. Again rainy days are 

subcategories like 264 are low rainy days, 219 are medium rainy days, 90 are heavy rainy 

days and 71 are very heavy rainy days. 

 

 The frequency analysis was done for seven stations that coming under Saurashtra 

region. From a time series (1998-2017) 20 years data is used.In table 3, the study concluded 

that low rainfall frequency was ranged between 20.8% (Mangrol) to 82.2% (Rajkot), Medium 

rainfall frequency ranged between 30.6% (Mahuva) to 68.2% (Rajkot), Heavy rainfall 

frequency ranged between 10.0% (Amreli) to 28.0% (Rajkot) while Very Heavy rainfall 

frequency ranged between 8.9% (Amreli) to 22.11% (Rajkot). The mean value of low, 

medium, heavy and very heavy rainfall for middle Gujarat was found to be 43.8%, 43.8%, 

33.30% and 11.8% respectively. The standard deviation value of low, medium, heavy and 

very heavy rainfall for middle Gujarat was found to be 16.9%, 16.9%, 12.60% and 8.20% 

respectively. The Coefficient of variation value of low, medium, heavy and very heavy 

rainfall for middle Gujarat was found to be 21.4%, 11.5%, 13.8% and 37.5% respectively. 

From Table 5, the average frequency for Low (71.4%), Medium (85.7%), Heavy (71.4%) and 

Very heavy (71.4%) observed for Saurashtra Region. The analysis revealed that maximum 

number of stations  occur  in medium rainfall of about 85.7%  while minimum number of 

station occur in low ,heavy and very heavy of about 71.4%. 
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          Table 4: Frequency (%) of different rainfall intensity for different station for 

Saurashtra 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Percentage of station with matching frequencies for Saurashtra 

 

 

 

 

 

 

4.3.North Gujarat  

 The 17Tlatitude17T of 17TKalol 17T, Gujarat, India is 22.606001° N, and the 17Tlongitude17T is 73.462997° 

E. There are 4533 days among that 435 are rainy days and 4098 are non-rainy days. Again 

rainy days are subcategories like 130 are low rainy days, 181 are medium rainy days, 70 are 

heavy rainy days and 48 are very heavy rainy days. Radhanpur has a latitude of23.828635° N 

anda longitude of 71.613935° E. There are 5227 days among that 283 are rainy days and 

4944 are non-rainy days. Again rainy days are subcategories like 74 are low rainy days, 117 

are medium rainy days, 52 are heavy rainy days and 39 are very heavy rainy days. 17TSardar 

Krishinagar17T lies at 17Tlatitude17T of 23.460° Nand 17Tlongitude17T 72.000 E and at an elevation of 82.08 

M above the Mean Sea Level. There are 6641 days among that 608 are rainy days and 6033 

are non-rainy days. Again rainy days are subcategories like 221 are low rainy days, 214are 

medium rainy days, 79 are heavy rainy days and 70 are very heavy rainy days. 

Sr. 
No. 

 

Name of 
station 

 

Low 
(%) 

 

Medium 
(%) 

 

Heavy 
(%) 

 

Very 
heavy 
(%) 

1 Amreli 44.2 33.3 10.0 8.9 
2 Dhaari 39.7 41.0 10.4 8.2 
3 Maangrol 20.8 43.9 15.6 19.7 
4 Mahuva 43.8 30.6 30.6 12.2 
5 Jamnagar 43.8 30.6 11.8 12.2 
6 Junagadh 43.5 31.6 10.6 10.1 
7 Rajkot 82.2 68.2 28.0 22.1 

Mean 43.8 43.8 43.8 33.3 
Standard Deviation 16.9 16.9 16.9 12.6 

Variance 38.7 38.7 37.8 69.2 

Class interval 
(%) of 
station 

Average frequency of low 71.4 
Average frequency of medium 85.7 
Average frequency of heavy 71.4 

Average frequency of very heavy 71.4 
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  The frequency analysis was done for three stations that coming under North Gujarat 

region due to lack of data and missing data not able to cover much station. From a time series 

(1998-2017) 20 years data is used. From Table 6,the study conclude that low rainfall 

frequency was ranged between 26.1% (Radhanpur) to 36.3% (S.K. Nagar), Medium rainfall 

frequency ranged between 35.2% (S.K.Nagar) to 41.3% (Radhanpur), Heavy rainfall 

frequency ranged between 12.9% (S.K.Nagar) to 18.4% (Radhanpur) while Very Heavy 

rainfall frequency ranged between 13.7% (Radhanpur) to 11.0% (Ladol). The mean value of 

low, medium, heavy and very heavy rainfall for North Gujarat was found to be 29.9%, 

41.3%, 16.1% and 1.5% respectively. The standard deviation value of low, medium, heavy 

and very heavy rainfall for North Gujarat was found to be 4.2%, 3.0%, 2.2% and 1.2% 

respectively. The Coefficient of variation value of low, medium, heavy and very heavy 

rainfall for North Gujarat was found to be 14.1%, 7.2%, 13.7% and 10.4% respectively. In 

Table 7, the average frequency for Low (66.4%), Medium (66.7%), Heavy (33.3%) and Very 

heavy (66.7%) observed for North Gujarat Region. The study revealed that maximum number 

of stations occur in the low, Medium and very heavy rainfallintensity of about 66.7%while 

33.3% occur in heavy rainfall intensity.  

Table 6: Frequency (%) of different rainfall intensity for different station in North 
Gujarat  
 

Sr no 
 
 

Name of station 
 

Low 
(%) 

 

Medium 
(%) 

 
 

Heavy 
(%) 

 

Very heavy 
(%) 

 1 Ladol 29.9 41.6 16.1 11.0 
2 Radhanpur 26.2 41.3 18.4 13.8 
3 S.K.Nagar 36.4 35.2 13.0 11.5 

Mean 
 
 
 

29.9 
 

29.9 29.9 41.3 

Standard Deviation 
 
 
 

4.2 
 
 

4.2 4.2 3.0 

Variance 14.1 14.1 7.2 13.7 
 

Table 7: Percentage of station with matching frequencies for North Gujarat 

 

 

 

 

 

 

Class interval 
(%) of 
station 

Average frequency of low 71.4 
Average frequency of medium 85.7 
Average frequency of heavy 71.4 
Average frequency of very heavy 71.4 
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4.4.South Gujarat  
 

The 17Tlatitude17T of 17TBharuch 17T, Gujarat, India is 21.705723° N, and the 17Tlongitude17T is 

72.998199° E. There are 6489 days among that 814 are rainy days and 7303 are non-rainy 

days. Again rainy days are subcategories like 442 are low rainy days, 241 are medium rainy 

days, 96 are heavy rainy days and 16 are very heavy rainy days. Tanchha is a village 

panchayat located in the Bharuch district of Gujarat state, India. The latitude 21.9153104° N 

and longitude 72.9002836 ° E is the geo-coordinate of the Tanchha. There are 5083 days 

among that 417 are rainy days and 4666 are non-rainy days. Again rainy days are 

subcategories like 190 are low rainy days, 137 are medium rainy days, 65 are heavy rainy 

days and 18 are very heavy rainy days. Pariya is a village panchayat located in the Valsad 

district of Gujarat state, India. The latitude 20.4439 P

0 
PN and longitude 72.9667 P

0
PRRE are the geo-

coordinate of the Pariya. There are 6015 days among that 932 are rainy days and 5083 are 

non-rainy days. Again rainy days are subcategories like 481 are low rainy days, 233 are 

medium rainy days, 140 are heavy rainy days and 60 are very heavy rainy days. 17TUbhrat 17T is a 

one more beautiful beach 42 km away from the city. Surat District is one among 25 Districts 

of 17TGujarat 17T State, India. Surat District Administrative. India. There are 5678 days among that 

855 are rainy days and 4823 are non-rainy days. Again rainy days are subcategories like 273 

are low rainy days, 444 are medium rainy days, 97 are heavy rainy days and 23 are very 

heavy rainy days. 20T 20TThe 17Tlatitude17T of 17TVyara17T, 17TGujarat 17T, India is 21.120001° N, and the 17Tlongitude17T is 

73.400002° E.There are 6278days among that 753 are rainy days and 5525 are non-rainy 

days. Again rainy days are subcategories like 376 are low rainy days, 208 are medium rainy 

days,97 are heavy rainy days and 23 are very heavy rainy days. 17TNavsari 17T is having 

20.9227528° N 17TLatitude17T and 72.9088799° E 17TLongitude. 17TThere are 6746 days among that 1331 

are rainy days and 5415 are non-rainy days. Again rainy days are subcategories like 708 are 

low rainy days, 392 are medium rainy days, 187 are heavy rainy days and 61 are very heavy 

rainy days. 

 The frequency analysis was done for six stations that coming under South Gujarat 

region. From a time series (1998-2017) 20 years data is used the study conclude that low 

rainfall frequency was ranged between 31.9% (Ubhraat) to 54.3% (Bharuch), Medium 

rainfall frequency ranged between 25.0% (Pariya) to 51.9% (Ubhraat), Heavy rainfall 

frequency ranged between 11.3% (Ubhraat) to 14.0% (Navasari) while Very Heavy rainfall 

frequency ranged between 1.7% (Vyara) to 6.4% (Pariya). The average frequency for Low 

(83.3%), Medium (83.3%), Heavy (66.7%) and Very heavy (83.3%) observed for South 
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Gujarat Region. The mean value of low, medium, heavy and very heavy rainfall for South 

Gujarat was found to be 43.8%, 43.8%, 33.30% and 11.8% respectively. The standard 

deviation value of low, medium, heavy and very heavy rainfall for middle Gujarat was found 

to be 16.9%, 16.9%, 12.60% and 8.20% respectively. The Coefficient of variation value of 

low, medium, heavy and very heavy rainfall for middle Gujarat was found to be 21.4%, 

11.5%, 13.8% and 37.5% respectively that maximum number of occurrence stations were 

recorded with matching frequency about 83.3% for low, Medium rainfall and very heavy 

rainfall while minimum occurrence of heavy rainfall about 66.7% for number of stations. The 

study concludes that the number of increasing occurrence of low, heavy and very heavy 

rainfall intensity. While number of decreasing occurrence of medium rainfall intensity was 

concluded for South Gujarat. 

 Here we use spatial interpolation by using IDW (Inverse Distance Weighted) in 

 QGIS 3.14 for plotting different rainfall intensity as shown Fig. 3, 4, 5, 6 .This  type 

analysis will be beneficial for agricultural scientists, choice makers, coverage planners and 

researchers in order to perceive the areas where agricultural improvement and building of 

drainage structures took place. Such statistics can additionally be used to stop floods and 

droughts, and utilized to planning and designing of water assets associated to engineering 

such as reservoir design, flood manipulate work, soil and water conservation planning 

and layout of small and medium hydraulic constructions such as small dams, bridges, culverts 

drainage works, etc. 

 Table 4: Frequency (%) of different rainfall intensity for different station for South 

Gujarat 

 

 

 

 

 

 

 

 

 

 

 

Sr no 
 
 

Name of 
station 

 

Low 
(%) 

 

Medium 
(%) 

 
 

Heavy 
(%) 

 

Very 
heavy 
(%) 

 
1 Bharuch 54.3 29.6 11.8 2.0 
2 Pariya 51.6 25.0 15.0 6.4 
3 Tanchha 45.6 32.9 15.6 4.3 
4 Ubhraat 31.9 51.9 11.4 2.7 
5 Vyara 49.9 27.6 20.1 1.7 
6 Navasari 53.2 29.5 14.0 4.6 

  
Mean 50.77 50.8 29.5 14.5 

  
Standard Deviation 7.90 7.9 9.6 3.1 

  
Variance 62.35 62.4 92.4 9.9 
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Table 5: Percentage of station with matching frequencies for South Gujarat 

 

 

 

 

 

  
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
Fig 3:  Average frequency of Low rainfall days           Fig 4:  Average frequency of Medium rainfall days   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5:  Average frequency of Heavy rainfall days                Fig 6:  Average frequency of Very Heavy rainfall days 
 
 

Class interval (%) of station 

Average frequency of low 
83.3 

Average frequency of medium 
83.3 

Average frequency of heavy 
66.7 

Average frequency of very heavy 
83.3 
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4.5.CONCLUSION 
 
     In the present study we have investigated the rainfall pattern and its variability and 

changes are based on recent 20 years data and used criteria from   AAU monsoon research 

almanac (2007 onwards).  This analysis was validated and found thatthe maximum number of 

occurrence of low rainfall and minimum number of occurrence of heavy rainfall was 

concluded for Middle Gujarat. For Saurashtra region, the study concludes that the maximum 

occurrence of medium rainfall intensity, while number of minimum occurrence of low, heavy 

and very heavy rainfall was concluded. For North Gujarat, the study concludes that the 

maximum number homogenous occurrence of low, medium and very heavy rainfall intensity, 

while minimum number of occurrence of heavy was concluded for North Gujarat. For South 

Gujarat, the result  show that the maximum number of occurrence of low, heavy and very 

heavy rainfall intensity, while number of decreasing occurrence of medium rainfall intensity 

was concluded. This analysis will be beneficial for agricultural 

scientists, choice makers, coverage planners and researchers in order to perceive the 

areas where agricultural improvement and building of drainage structures took place. 

 
 
References 
 
 

1) Deidda, R. and Puliga, M. (2006). “Sensitivity of goodness-off fit statistics of rainfall 
data rounding off.” Physics and Chemistry of the Earth, 31(1), 1240-1251. 

2) Fulekar, M.H., Kale, R.K. 2010. ¯Impact of Climate Change: Indian Scenario, 
University News, 48 (24), June 14-20, 15- 23. 

3) Goswami BN, Venugopal V, SenguptaD,et al. 2006. Increasing trend of extreme rain 
events over India in a warming environment. Science 314: 1442. DOI: 
10.1126/science.1132027. 

4) Guhathakurta P and Rajeevan M, 2008 “Trends in rainfall pattern over India” 
International J. of Climatology, 28: 1453–1469 

5) Guhathakurta P and Ray, Kamaljit, 2019 “Observed Rainfall Variability and Trends 
over Gujarat Based On 117 Years Data” Scientific Report No. MoES/TR/01 
(2019)/01.  

6) Guhathakurta P, Rajeevan M, Sikka D R and Tyagi A, 2015 “Observed changes in 
southwest monsoon rainfall over India during 1901–2011”, Int. J. Climatol, 35, 1881-
1898.  

7) Guhathakurta P, Sreejith O P and Menon P A, 2011 “Impact of climate changes on 
extreme rainfall events and flood risk in India”, J. Earth System Science. 120, No. 3, 
359-373. 

8) Lazaro R, Rodrigo FS, Gutierrez L, Domingo FandPuigdefafregas J 2001. ¯Analysis 
of a 30-year rainfall record (1967-1997) in semi-arid SE Spain for implications on 
vegetation, J. Arid Environ. 48 373-395. 

about:blank


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 12, December 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com 

435 
 

9) Ritter ME 2006. ¯The physical environment: an introduction to physical 
Geography’”Available online at: http:// 35TUwww.uwsp.edu/geo/faculty/ritter 
/geog101textbook/ title_page.html U35T. 

10) SahaiAK,GrimmAM,SatyanV,Pant GB.2003.Long-lead prediction  of  Indian  
Summer  Monsoon  Rainfall  from  global   SST evolution. Climate Dynamics 20: 855 
– 863. 

11) Suribabu, C. R., Sudarsan, J. S. and Ramanan, S. R. (2015). “A study on consecutive 
day maximum rainfall for disaster mitigation in Tiruchirapalli City, India.” Jordan 
Journal of Civil Engineering, 9(2), 197–202. 

12) Vaidya, V.B., SuvarnaDhabale, K.S. Damle, L.D. Chimote and Kulshreshtha, 
M.S.(2019). Astro-Meteorological Rainfall Prediction and Validation for Monsoon 
2018 in Gujarat, India. Int.J.Curr.Microbiol.App.Sci. 8(05): 2359-2370. 
doi: 35TUhttps://doi.org/10.20546/ijcmas.2019.805.279 U35T 
 

13) Walck, C. Handbook on statistical distributions for experimentalists, Internal Report. 
Universitet Stockholm, 188p, 2007. 

about:blank
http://www.uwsp.edu/geo/faculty/ritter%20/geog101textbook/%20title_page.html
http://www.uwsp.edu/geo/faculty/ritter%20/geog101textbook/%20title_page.html
https://doi.org/10.20546/ijcmas.2019.805.279

