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I - INTRODUCTION 

Drought has been a matter of serious concem to man since time immemorial and a 

challenge of nature's large scale and formidable phenomenon. It is a climatic anomaly 

characterized by deficient supply of moisture, which may result from sub-nonnal, untimely and 

uneven distribution of rainfall. Among the various hazards of nature, it is one of the major 

disaster as it brings ilUlUmerable miseries to the mankind. Almost every year some part or the 

other of the globe suffers from such calamities. Drought is a recurring phenomena and its 

occurrence cannot be avoided. 

The complex system of monsoon winds, orientation of mOll ntains and erratic cyclones 

lead to the extreme spatial and temporal variation in the rainfall distribution. The aberration is 

rdated to the atmospheric air mass circulation due to the extraterrestrial as well as the earth­

ocean-atmospheric complex forces. Owing to this the total monsoon precipitation in the 

Indian sub~continent is subjected to spatial and temporal variations leading to occurrence of 

droughts. This adversely affects the availability of water for the human consumption, 

industrial, agricultural and for the multitudes of other purposes where water is essential. 

Droughts arc usually defined as periods of dryness due to lack of rain. The concept 

varies from region to region depending upon the n011nal climatic condition, available water 

rcsources, land use, agricultural practices and several other economic activities of the region. 

The perception of drought is difJerent to differcnt people. To meteorologist, drought is a 

situation when rainfall deviates appreciably (25 %) below nonnal for an extended period. To the 

hydrologist, it suggests below average water level in streams, lakes and reservoirs. To the 

agriculturist, it means amount of rainfall and its distribution causing moisture stress during crop 

growth period including maturity sta,ge, leading to decrease in crop production. Thus, drought 

may be classified as meteorological, hydrological and agricultural. 

Agricultural planning in water short countries is based on conservation, utilization 

and management of rainwater. In India, after independence, due to population explosion and 

demand for 1110re food production, irrigation development received much attention and 

ushered in the so-called green revolution. Even then, still 70 percent of the cultivated area of 

the country is under rainfcd agriculture and contributes about 42 percent food grains and 75 

percent oftlle pulses and oilsccds production. Average anllual rainfall.ofthe countlY is about 

120 em and 80 percent of this occurs only in monsoon season. Due to frequent droughts and 

related soejo~econoll1ic constraints, per hectare yield in rainfed areas is very low. The 

populations in these areas are poorer, not lUuch literate and depend on agriclllture for their 

employment and livelihood. 



Study of drought characteristics is one of the important aspects in the rainfed fam1ing 

as well as in water resource planning, management and allocation of irrigation water. Most of 

the studies refer to the stream flow or meteorological drought analysis for a particular basin or 

a specific historical event without giving much emphasis to the quantitative and qualitative 

aspects of the drought. In India some work has been reported on the characterization aspects 

of agricultural drought. 

The prediction aspects of drought duration are developed better than the drought 

severity aspects. The later need to be improved because information on drought severity is of 

paramount practical impOliance and forms an essential part of design process of storage 

facilities for abatement of droughts (Panu and Shalll1a, 2000). The estimation and prediction 

of extreme cases of drought thus becomes essential to optimize the management of water 

resources under wide range of possib Ie future demands and hydrological conditions. 

The success or failure of crops particularly under rainfed conditions is closely linked 

with the rainfall patten1. Coincidence of dry spells with the sensitive phenological stages of 

the crop causes damage to the crop development. Hence, simple criteria related to seqllential 

phenomenon like dry and wet spells and prediction of probability of onset and termination of 

the wet season could be used to obtain specific information needed for crop planning and for 

canying out agricultural operations (Khichar et ai., 1991). 

The task of monitoring and controlling the field water balance is valuable for efficient 

management of water and soil. Extent of water deficit and surplus for a given region is 

important in planning for water harvesting structures, artiticial ground water recharge and 

adjusting agricultural operations in such a way so as to bring maximum synchronization 

between availability of watcr and critical stages of crop growth. 

Water deficit is a complex and non-lincar phenomenon because it depends on several 

interacting climatologic factors such as precipitation, temperature, humidity, wind speed, 

bright sun shine hours, etc. Information of the period during which deficiency of moisture in 

soil are likely to occur is essential so that advance action can be taken to avoid severe 

moisture stress to the crops. Choice of crop varieties withstanding moisture stress, adoption of 

appropriate conservation measures and life saving irrigation through recycling surplus water 

may be possible measures by the advance information. 

An Artificial Neural Networks (ANN) is an effective tool to model complex non­

linear relationship between input and output sets (Kumar ot aI., 2002; Sudheer ct al., 2003). 

ANN models have been found llscthl and efficient, particularly in problems for which the 

characteristics of the process are difficult to describe using physical equations. ANN model 

can compllte complex non-linear problem, which may be too difficult to represent by 

conventional mathematical equations. These models are well suited to the situations where the 

relationship between the input variable and output is not explicit. Instead, ANN: map the 
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implicit relationship between inputs and outputs through training by field observations. The 

model may require significantly less input data than a similar conventional mathematical 

model, since variables that remain fixed from one simulation to another do not need to be 

considered as inputs. AAN are useful, requiring fewer input and computational efforts and 

less real time control. ANN can quickly present sensitive responses to tiny input changes in a 

dynamic environment. Recently, due to functional advantages over the traditional analytical 

approaches, ANN have been preferred for modelling of agricultural meteorological 

phenomenon including water deficit. 

Forecasting of water deficit particularly in water resources project planning, design 

and operation is of paramount importance. It is increasingly recognized that time series 

analysis is of considerable practical lIse in dealing with forecasting of hydrological variables 

(Salas et aI., 1980). Employing a mathematical model that represents the stochastic process of 

water deficit, the likely synthetic sequences of future water deficit values can be obtained. 

Stochastic processes deal with continuous or discrete state and time parameters. The analysis 

of time series is done to understand the mechanism that generate the data and to produce 

likely future sequences, if required. These are attempted by making inferences regarding the 

underlying laws of the stochastic process from one or more sequences of recorded 

observations and then to postulate a model that fits the data, which are again used for 

estimation purposes. At first it is neceSSaIY to identify and analyze the different components 

of time series and then generate the future sequences (Kottegoda, 1980). 

Water deficit during drought varies spatially and temporal.ly. Spatially distributed 

measurements of water deficit are beneficial to predict the drought origin, spread and decay 

over a region (Rama Krishna and Sastri, 1980). Geostatistical approach makes use of 

interpqlation technique such as kriging to obtain data for unrecorded points or areas. Kriging 

technique has also been found to give accurate estimates for interpolated values in other fields 

(Vieria et aI., 1981; Hudson and Wackernagel, 1994; Panigrahy and Singh, 2000). Therefore, 

geostatistical approach can be used to interpolate water deficit data and to produce isodeficit 

line maps for studying spatial and temporal variability over a region. This type of analysis 

could be a useful tool to pinpoint pattern of drought origin and gradual spread into various 

regions and would provide advance information to crop planners and administrators so that 

ameliorative measures can be taken up well in time. 

Agricultural operations in rainfed area start with onset of southwest monsoon. It is 

essential to forecast the calendar of onset of effective 1110nsoon since a slight delay in sowing 

of rainfed crops may lead to drastic reduction in grain yield and adversely affects the next 

crop too. The duration of the kharif crops depends on the withdrawal of monsoon rainfall. It 

has been experienced that quite often the crops suffer from terminal drought due to the early 
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cessation of rainfall, Therefore, it is necessary to investigate rainfall related crop planning 

parameters in the context of drought. 

Rainfed and drought prone areas predominates the agricultural sector in Gujarat. In 

the state, out of the net cropped area (96 III ha) about 67 per cent rainfed area makes the 

state's agricultural scenario dismal. Studies on the nature of occurrence of drought and other 

characteristic features provide basic information required for evaluating climatic potential of 

an area for agricultural development, for evolving suitable cropping pattern and for 

implemcnting cultural! conservation practices tailored to rainfall distribution in the area. 

Various developmental agencies involved in tackling drought problems in the region lack in 

the information about the drought characteristics and forecast. As a result, rainfall and water 

resourccs are utilized in a very inefficient way leading to crop failure even in normal rainfall 

year due to shorter or longer drought spells. This calls for the study of the drought 

characterization and modelling to develop appropriate control measures and consequent 

management of drought. 

Recognizing the above concern and realizing that no such study has been carried out 

under different agro-climatic zones of Gujarat, this study has been undertaken with the 

following objectives: 

(i) To analyse the rainfall pattern and estimate dry spells 

(ii) To estimate the moisture St.:'1tus on the basis of water balance 

(iii) To evaluate droughts and estimate frequencies of water deficit 

(iv) To predict water deficit using mtificialneuralnetworks 

(v) To develop and validate appropriate stochastic model for water deficit 

(vi) To study spatial and temporal variability of water deficit using geostatisticalmodel, and 

(vii) To plan suitable cropping pattern 011 the basis of drought analysis. 
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II - REVIEW OF LITERATURE 

Droughts cause misery to both human and livestock populations, accelerate 

degradation of natural resources and put a heavy burden on government. They affect 

livelihood and economy of a large population in rainfed, arid and semi-arid regions. Drought 

problems are complex and multifaceted which require prediction based on soil moisture 

balance. Severity and duration of drought should be studied to understand and mitigate the 

suffering of human and reorientation of agricultural cropping system. This leads to use of 

latest techniques for studying of various aspccts of drought. A brief review of work done by 

many workers on rainfall analysis, water deficit, drought and modelling is presented in 

subsequent sections of this chapter. 

2.1 RAINFALL ANAL YSIS 

Agricultural production in dry famling track depends mainly on the distribution of 

adequate amount of rainfall during the various phases of crop growth and development. 

Attempts made by some researchers to study probabll.! rainfall in a short period and its 

distribution in space as well as the sequences of dry and wet periods are presented here. 

2.1.1 Rainfall Pattern 

Singh et al., (1991) investigated the probability of occurrence of one day intense rainfall 

over 12 stations in the Kutch district of Gujarat state. The study reveals that the highest 

observed rainfall during the study period is more than 175 111111 at all the stations, which has a 

l'0turn period of 10 years. 

Parikh et a1., (1995) analysed the rainfall data of 64 years (1927-90) at Navsari 

(Gujarat) for drought prediction and crop planning. The expected rainf.:.ll magnitudes at four 

different probabilities were estimated for each week, month, season and year. The rainfall 

magnitudes to be nonnal, abnormal and drought for a given month, season and year were 

worked out along with their standard deviation and coefficient of variance. The probability 

analysis of 1 to 7 days maximum rainfall was also can'jed out. 

Ghadekar and Miskin (l9n) analysed 28 years (1962-89) rainfall data of Nag pur and 

studied the rainfall suitability at various probability levels for sorghum crop. The total rainfall 

during kharif season was 861.5 mm. The coefficient of variation ranged between 74.3 per cent 

(25 th week) to 144.7 per cent (391h week). The rainfall at 50 per cent probability was well 

distributed during 12 weeks (25_36th
) ranging between 44.5 to 36.3n1111 being adequate and 

sufficient for sorghum crop considering its weekly demand (21-35 111m week·!). 

Pandey et aI., (1999) analysed daily rainfall data for ninety years (1901-1990) of all 

the districts of Gujamt state to work out the occurrence of drought and floods in the state. The 



study reveals that the arid region receives rainfall of 500 mm or less in most of the years 

while humid regions receive 1110re than 1000 111111. However, the drought and floods are 

observed in both the regions. 

Rao (1999) studied the variability of mOl1soon rainfall over the Godavari river basin for 

different time scales. The monsoon rainfall in the Godavari river basin was more variable (17%) 

than the all India monsoon rainfall (11%) during the period of study (1951-90). Similarly inter­

annual variability of monsoon rainfall 011 smaller time scales was still higher and increased from 

seasonal to daily scales. The intra-seasonal variability of monsoon rainfall has a significant 

negative relationship with the total seasonal rainfall in the basin. 

Reddy et aI., (2001) identified drought-prone areas in Andhra Pradesh using long term 

weekly rainfall data (1969-93) of 700 raingauge stations. The drought prone areas, based on the 

length of growing period, rainfall variability, frequency of recurrence of drought and number of 

dlY spells were further refined and categorized as mild, moderate, severe and chronic 

agricultural drought-prone zone. 

Singh (2001) investigated summer-monsoon rainfall during normal, tlood and drought 

years over India. During flood years the 1110nsoon rainfall increases mostly all over pmts of the 

countlY and large area less than 100 cm isohyets covers Orissa and adjoining Madhya Pradesh. 

During drought years the rainfall amount decreases over the entire country and isohyets of 

100 cm shrinks to almost a point. The coefficient of variation (CV) increases during the drought 

year but dUl'ing flood and normal years no significant change in the variability pattern is noticed. 

Singh et aI., (2002) analysed fifty years (1946-95) rainfall at Jhansi to estimate 

occurrence of drought. Analysis shows that mean annual rainfall of Jhansi is 913.2 mm with 

24.0 pel' cent variation. It was found that August was wettest months followed by July. 

Kumar (2003) studied rainfall data of varying length (15 to 27) at different stations in 

Shimala district on monthly, seasonal and annual basis. The statistical parameters like mean, 

standard deviation, coefficient of variation and coefficient of skewness of the rainfall were 

determined. Mean annual rainfall was found to be maximum at Phancha (2086 mm) and 

minimum at Kumarsain (556 mm). The coefficient of variation of annual rainfall varied from 

17 % to 50 %. The annual rainfall was found to be non-symmetrically distributed at all 

stations. 

Patel et aI., (2004) analysed rainfall data of Guajarat (1901-2002) and indicated that 

the consecutive years of receiving negligible to below normal rainfall never exceeded more 

than three years, whereas the consecutive years of having been received near normal to above 

normal ranged from one to seven years in north and middle region, one to five years in 

Saurashtra and Kutch region and one to seventeen years in South Gujarat region, respectively. 
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2.1.2 Onset and Withdrawal of Monsoon 

Dash and Senapati (1992) estimated onset and withdrawal of wet season by forward 

and backward accumulation of rainfall. The authors used 75 mm accumulated rainfall as the 

onset time for growing season for dry seeded crops and 300 nun as the termination of rain to 

sustain a second rice crop. The results show that 75% probability is expected at least 75 mm 

rainfall in nnd week and 200 mm in 26 th week. 

Pekhale (1995) determined probable dates of onset of effective monsoon (OEM) and 

probable periods of critical dry spells in scarcity region of Maharashtra. The mean dates of 

OEM using Ashok Raj's criterion at Solapur, Rahuri and Dhule were found to be July 7, July 18 

and July 1, respectively. The months having more probability of occurrence of critical dry spell 

are August at Solapur, June and July at Rahuri and July at Dhule. 

Das and Mukhopadhyay (1996) studied onset of effective monsoon (OEM) in two 

north Bengal districts by using slightly modified Raman's definition of OEM. The results 

revealed that although the retreat of monsoon in the study area occurs about at the same time 

of withdrmval of monsoon rains from the rest of India, the onset of monsoon is much advance 

(last part of April to early May) in comparison to that of Kerala where the southwest monsoon 

hits its first spell in the Indian Peninsula. 

Rath et al., (1996) determined the safe growing period during kharif season based on 

the onset and termination of the wet season. The authors used 75 mm forward accumulation 

of rainfall as the onset time for the growing season for dry seeded crops and 200 mm 

accumulated rainfall for initiation of puddling of rice fields. The end of the wet season is 

determined by backward summing of 300 mm rainfall that would be expected to sllstain a 

second rice crop or other short duration field crops. 

Babu and Lakshminarayana (1997) determined the crop growing season by estimating 

beginning and end of the rainy season by fixing the forward accumulation and backward 

accumulation of rainfall respectively at 75 mm and 20 nun at 75 percent probability. The 

analysis of 26 years weekly rainfall data at Polkepad in Andhra Pradesh reveals that the rainy 

season begins in the 27th standard week and ends in the 40th standard week. 

Atre and Pekhale (199H) examined the criteria for onset of effective monsoon given 

by Ashok Raj and suggested some modification by considering agricultural rainy day and 

reference crop evapotranspiration. It was found that mean dates of onset of effective monsoon 

by both the criteria arc not different and hence, the new criterion is useful in scarcity region of 

Maharashtra. 

Panigrahi and Panda (2002) considered forward accumulation of 75 and 200 mm 

rainfall and backward accumulation of 200, 300 and 500 mm rainfall to ascertain the start and 

end of monsoon, respectively, in rainfed belt of Kharagpur area. TIle probabilities of 
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occurrence of these values in different weeks are estimated. The analysis revealed that the 

monsoon starts effectively from 24th week and remains active up to 39th week. 

Jat et aI., (2003b) estimated onset and withdrawal of rainy season for Bhilwara in 

Rajasthan by fixing forward accumulation of 75 mm rainfall from 221ld week and backward 

accumulation of 10 111m rainfall from 520d week, respectively. Results indicated that rainy 

season starts in 28th week with 72 per cent probability and terminates in 39th week with 

48 per cent probability. The coefficient of variation of onset and withdrawal was observed to 

be 5.39 and 13.0 per cent, respectively. 

2.1.3 Dry and Wet Spell Analysis 

Pandharinath (1991) estimated probabilities of dry, wet weeks, conditional probabilities 

of dry week preceded by dry week, wet week preceded by a wet week and consecutive 

2 or 3 dry/wet weeks at nine stations in Andhra Pradesh during monsoon season 

(June- September) using Markov-Chain model. The study revealed that leaving the first two 

weeks of June, the probability of occurrence of a dry week is moderate to high (30 to 60%) in 

North Andhra Pradesh and it is 20 to 50 per cent in south coastal Andhra Pradesh. 

The conditional probability of occurrence of a dry week given the preceding week dry is also 

high, but the OCCU1Tence of two or three consecutive dry weeks is small. 

Dash and Senapati (1992) llsed the Markov-Chain model to study the probability of 

dry and wet spells for Bhubaneshwar. The study concluded that from 22mi week to 36th week, 

rainfall is adequate to grow rice crop. The authors also found that sowing rice crop in 

25 th week has 7.5 percent probability of two consecutive dry weeks. The study concluded that 

there are 40 per cent chances of recurring dry weeks till the 2211d week, hence a period is not 

suitable for crop planning. 

SarkaI' (1994a) investigated the distribution of the length of wet and dry spells and 

weather cycles at Madras during the north-east monsoon months. The length distribution of 

each type of spell and weather cycle was found to obey the first order Markov-Chain model. 

At Madras the most frequent length of weather cycle cannot be less than three days. 

Das and Mukhopadhyay (1996) analysed daily rainfall data of Coach Behar 

(1971-90) and Jalpaiguri (1972- 90) districts of Terai zone of West Bengal to study the nature 

of critical dry spells during the monsoon season. The study revealed that, there was possibility 

of occurrence of dry spell of 10 days or more once in every 4 years. Expected length of 

dry spell (in clays) for 2,5,10 and 20 year return periods was estimated with the help of 

suitabLy fitted curves for each location. 

Sarkar (1997) studied 10 day duration probability of consecutive dry and wet spells of 

different lengths at Madras during nOlth-east Monsoon. Results revealed that the probability 
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of a day being wet was highest during I-ION ovember. Maximum length of a dry spell can be 

expected during December while the largest wet spell of9 days is possible in November. 

Singh and Bhandari (1998) analysed 25 Years (1971-1995) weekly rainfall data to 

establish drought frequency based on Markov-Chain model considering less than 20 mm 

rainfall as dry week and 20 mm or more as a wet week. The initial (59-83 %) and conditional 

(72-90 %) wet probability was the highest from 25th to 35th meteorological weeks. 

The probabilities of getting two and three consecutive weeks during this period indicate the 

continuous and heavy rainfall, which can be conserved for the deficit period. 

Khichar et ai., (2000) used Markov-Chain model to analyse weekly rainfall data of 

Haryana and calculated probabilities of different lengths and expected frequencies of dry 

spells. The authors found that probability of occurrence of dry spells was more than 0.90 from 

23 rd to 25 th week and afterwards it decreased to 0.50 in 31 st week. The study concluded that 

superimposing crop calendar on dry and wet spells sequences would provide information 

about water deficiency or water surplus. It was also concluded that initial and conditional 

probabiJ ities provided the basic information on rainfall distribution needed for agricultural 

operations. 

SarkaI' et aI., (2001) investigated 10 days period wise simple probability and 

probability of consecutive dry and wet spells of different lengths, using Markov-Chain model 

over Vidarbha region during south-west 111011soon months considering 30 years dai Iy data 

(I960-1990). Tl1e study reveals that probability of a day being a wet and probability of 

consecutive wet spell of different lengths are by and large high during the last and first 10 day 

periods of July and August, respectively when the 1110nsoon is at its peak. During the first two 

10 day periods in June and last two 10 day periods in September, the probabil ity of a dry day 

and that of consecutive dry spell of different length are quite high. 

Sharma et aI., (2003) tested transforl11ations slIch as power, SMEMAX, log and 

log-log on dry clays data of the fottnights in Udaipur region. Almost identical estimates of dry 

days were obtained by power, log and log-log transformations at 80 per cent probability of 

non-exceedance (5 year return period). On the basis of dry spell analysis it was observed that 

kharif crops could be sown in 24th week at Udaipur. The supplemental irrigation can be 

applied in 36th week fr0111 the harvested runoff water. 

Sharma and Kumar (2003) analysed 20 years rainfall of Nagaur in Rajasthan to 

determine occurrence of dry spells by Markov-Chain model. The results indicated that the 

initial (45-60 %) and conditional (46-99.9 %) wet week probability was the highest from 

29th to 34th standard week. The high probability of getting two consecutive wet weeks 

between this period indicates the continuolls and good rainfall. The rise in dry week 

probability in 33rd and 35 th standard week was indicative of a dry spell pedod. 
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Singh et aI., (2004) analysed 26 years (1977-2002) rainfall data to detennine 

occurrence of dlY and wet spells for crop planning at Bathinda in Punjab. The results 

indicated that the probability of occurrence of dry spell was above 92 per cent froIll 1 st 

standard meteorological week (sl1lw) to 22n
e! smw except for 4th

, 7th and 8th 
Sl1lW during which 

the probability of dry spell was 77, 73 and 85 per cent, respectively. From 23rd smw onward, the 

probability of dlY spell started decreasing and reached minimum (38 per cent)during 27th smw 

followed by an increase and approaching 100 per cent from 44 to 50 smw. The chances of wet 

spell to occur were maximum (62 per cent) during the 27th smw in July. 

2.2 REFERENCE EVAPOTRANSPIRATION 

Evapotranspiration, which includes evaporation from hmd and water surfaces and 

transpiration by vegetation, continues to be foremost impOItance in prediction of drought. The 

literatme on this topic is extensive. Few important reviews are presented here. 

Thomthwaite (1948) detem1ined the water needs ofvegetatiol1 over large areas in order 

to carlY out broad climatic classification. The author estimated potential evapotranspiration on a 

monthly basis from readily available climatological data sllch as mean air temperature and day 

length. The potential evapotranspiration values obtained were adjusted to the number of days in 

a month and the maximum duration of sunshine depending on season and latitude of the place. 

Blaney and Criddle (1962) developed and proposed a simplified empirical fom1ll1a to 

compute evapotranspiration (consumptive use) using a correlation, which utilized mean 

monthly air temperature, amount of daylight and a crop factor showing seasonal variation. 

Hargreaves (1968) conducted several important experiments and developed methods to 

compute evapotranspiration from pan evaporation data. The method and the procedure 

presented are applicable to both arid and humid climate and to locations where dat:1. are quite 

complete as well as to those locations for which only temperature and rainfall dat:1. are available. 

Sarkar and Biswas (1986) developed a theOlY for agro-climatic classification on the 

basis of an index called ' Moisture Availability Index (MAl), which is defined as the ratio of 

assured rainfall to potential evapotranspiration. Three improvements have been made on earlier 

classification viz. moisture availability index has been taken on weekly basis; minimum assured 

rainfall has been considered at different probability levels and the different values of MAl and 

tl1eir duration have been taken as appropriate to variolls crop phases. The classification', 

however, has been recommended on the basis of moisture availability index at 50% probability 

level, which is considered to be an optimum value. The main classification has been further 

subdivided depending upon the length of water stress period. The theory so developed has been 

applied to the dry fanning tract ofIndia. 

Hatfield and Allen (1997) studied different fonns of the reference evapotranspiration 

equations that included Priestly-Taylor and Penman-Monteith. To estimate actual 
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evapotranspiration, the Priestly-Taylor with adjusted coefficient for available soil water and the 

Penman- Monteith with a variable soil surface resistance were compared to water use for grain 

sorghum, cotton and grass forage at three locations. Both models gave acceptable results, 

however, the Penman-Monteith model with daily meteorological data input provided more 

consistent results over the growing season. 

Samani (2000) introduced a procedure to estimate solar radiation and subsequently 

reference crop evapotranspiration using the minimum climatological data. A modification was 

made to the original equation that uses minimum and maximum temperature 'to estimate solar 

radiation and reference crop evapotranspiration. The proposed modification allowed for the 

correction of the errors associated with indirect climatological parameters affecting the local 

temperature range. 

Kashyap and Panda (2001) evaluated the crop evapotranspiration estimation methods 

and developed a crop coefficient for potato in the sub-humid region. The study was carried 

out at Khuragpur. having a sub-humid climate. Daily reference crop evapotranspiration (ETn) 

was measured with an electronic data logger connected to the lysimeter. Grass was used as the 

reference crop observing actual evapotranspiration. Ten climatological methods, Penman, 

FAO-Penman, FAO-Corrected Penman, 1 982-Kimberlcy-Penman, Pemnan-Monteith, Turc­

Radiation, Prestly-Taylor, FAO-Radiation, Hargreaves and FAO-Blaney Criddle were used to 

estimate the reference evapotranspiration. Perfonnance of climatological method in 

estimating the ETn values as comparee! to the Iysimeter-mcasured values was evaluated on the 

basis of RMSE. The Penman-Monteith equation gave the best result followed by the 1982-

Kimberly-Penman, FAO-Penman, Turc-Radiation and FAO-Blaney Criddle. The RMSE in all 

the cases varied between 0.08 and 0.756. The crop coefficients were estimated on the basis of 

lysimetcr measured actual ET. 

Bhakar and Singh (2003) estimated reference evapotranspiration under sub-humid 

climatic conditions of Rajasthan. Ten most commonly used reference evapotranspiration 

models were selected for testing their validity under the c1imatic conditions of Udaipur 

region. The important reference evapotranspiration models are: (i) Penman FAO-24 model, 

(ii) Penman-Montieth FAO~56 model, (iii) Kimberley~Penll1all model, (iv) Priestly-Taylor 

model, (v) Jensen-Haise Alfalfa Reference model, (vi) Hargreaves grass related model, (vii) 

SCS Blaney Criddle model, (viii) FAO-24 Blaney Criddle model, (ix) F AO~24 Pan 

Evaporation model, and (x) Christiansen Pan Evaporation model. Testing of these models was 

made on the basis of actual measurements of agricultural crops based reference 

evapotranspiration (ET OA). Out of 10 models only 3 models viz. Penamn-Monteith F AO~56, 

Jensen-Haise Alfalfa Reference and FAO~24 Blaney Criddle models were found to predict 

EToA accurately under the climatic conditions of Udaipur region. 
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2.3 WATER BALANCE 

Drought is evaluated in a more meaningful maImer by water balance approach taking 

into account the rainfall pattern, evapotranspiration aIId moisture characteristics of soil. Some 

review pertinent to this aspect is presented here. 

Rmn Mohan et aI., (1984) evaluated the index of moisture adequacy (lmn) derived from 

water balaIlce procedures to categorize droughts from agricultural and ecological point of view. 

Selected drought spells were analysed critically by plotting the ratio of the departure of monthly 

indices of 1mB from the climatic n011nal, to the standard deviation of Imn for that month. This 

teclmique was found to be of great value in agricultural and ecological investigations as due 

wcightage is given to drought resistance and tolerance of crops which are adapted to the region. 

Subramaniam and Narasimha Raju (1986) worked out the water availability periods of 

lUBe stations in north coastal Andra Pradesh by computing water balance. The region 

experienccd more number of moist days in high land area than in coastal belt. The onset and 

cessation of water availability periods were also presented. 

Victor ct aI., (1991) carried out weekly water balance for the years 1911-85 considering 

different available water holding capacities ranging from 25-200 I1Ull to examine the extent to 

which the moisture regime and aridity are dependent on water holding capacity of soil. The 

analysis revealed that the aI'idity is accentuated by the shallowness of the soil coupled with low 

rainfall. The number of years with drought was found to vary from 3 to 6 per decade. The 

annual average water balance of the entire sta.te during climatically extreme years have also 

been illustrated and discussed. 

Kerkides et aI., (1996) calculated water balance for 31 locations in Greece on the basis 

of long-tenn average monthly precipitation, evapotranspiration, iwd combined soil and 

vegetation characteristics using the method of Thornthwaite and Mather (1955). 

Dange (1998) studied moisture availability index (MAl) in plain zone of Maharashtra 

as per Thornthwaite water balance technique considering different soil types viz., shallow, 

medium and deep. 

Das et aI., (2002) studied variability in spatial distribution of various water balance 

paraIlleters and developed moisture deficit index for dry f,mning regions. The results 

indicated that during most parts of crop season water transpired fro111 the plant by and large 

lies between 30-40 Illm per week. 

Singh et aI., (2004) studied weekly water balance for R,Ulichauri in Uttaranchal. The 

study revealed that water surplus was observed during monsoon season and water deficit was 

restricted to October, November and April to June. Though the moisture adequacy index 

indicated that the region has sufficient moisture throughout the year, the region suffers from 

moisture stress during rabi season due to slope and high seepage losses. 
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2.4 DROUGHT CHARACTERISATION 

Drought is experienced with greater or less frequency in all climatic regimes. During 

past two decades numbers of studies have been reported on the identification of drought and its 

characterisation. Some specific reviews related to this topic arc listed below; 

Pawade (1981) analysed daily rainfall dat:1. of 5 stations in Akola district of Maharashtra 

state to get the mean date of commencement of critical dry spells (CDS) along with their mean 

duration using Ashok Raj 1s Criteria. The dates of commencement offirst, second and third CDS 

were from July 11 to July 26, August 4 to August 25 and August 31 to September 19, 

respectively. 

Rao and Subramaniam (1986) identified the commencement and cessation of different 

intensities of meteorological drought during 1934-77 at 23 locations of the Maharashtra State by 

using Palmer1s approach. While adopting Palmer1s approach the definition of potential runoff 

and the weighting factors originally given by him are suitably modified for the climatic 

conditions of Maharashtra. The modified drought indices performed well for identification of 

various classes of drought in the region. The analysis showed that the spatial distribution of 

drought prone areas during kharif was similar to that of rabi season in the region. During kharif 

season alone severe/extreme drought conditions prevailed for 28 out of 44 years in the statc. But 

there are few stations like Kolhapur and Sironcha (sub-humid) where the drought situation 

never touched the extreme conditions. 

Chowdhmy et aI., (1989) made ~U1 attempt to quantif)l drought for the country as a 

whole and identified drought years by developing drought index based on rainfall for 113 years 

(1875-1987). The difference between area affected by drought in any year and the 113 years 

mean drought area divided by the standard deviation was defined as drought index. The study 

revealed that the year 1918 was the worst drought year since the rainfall observation has st:1.rted 

to be recorded in India. The occurrence of drought appeared to be random phenomenon. 

However, the time interval between successive years of drought appears to follow a Poissioll 

distribution. From the return period analysis, it appears that drought can cover 1/5th ofthe area 

of the country once in 5 years, nearly a third of the area once in 10 years and affect halfoflndia 

once in 50 years. Occurrence of drought affecting more than 65% oftile total area of the country 

is an extremely rare event. 

Dalvi et aI., (1992) studied daily rainfall data of22 years (1965-86) for nine stations 

in Vidarbha region of Maharashtra state for critical dry spell analysis. Study revealed that on 

an average 2 critical dry spells occur in this region except at Gondia where average 3 critical 

dry spells occur. The authors have stated the period of occurrence of critical dry spells, which 

is valuable in selecting crop and their varieties to obtain the required level of drought 

tolerance. 
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Taksale (1992) carried out drought analysis for Marathwada region in Maharashtra. 

Cumulative probability nomograms for developmental stages of various crops were prepared. 

Also isohytal maps for Marathwada region representing onset of effective monsoon dates, 

average number of rainy days and dates and duration of three critical dry spells were drawn. 

Paul (1993) proposed a methodology to characterize meteorological drought based on 

the normality of seasonal and deficit years rainfall (mean and standard deviation). The years 

were classified as incipient, large, severe, disastrous and extreme droughts and corresponding 

drought index was developed. The author also studied agricultural drought with respect to its 

characteristic parameters such as duration and severity, considering upland rice as the 

reference crop at Hazaribag. Frequency analysis was carried out for drought durations of 2 to 

6 weeks and their exceedence probability curves were plotted. The author noted that initial 

drought severity is higher than the intermediate and the terminal stage except for 6 weeks 

duration. Occurrences of drought of 5 to 6 weeks are very less with very less probability. 

Maximum dry spell duration follows extreme value distribution. 

SC1:iian (1998) studied meteorological characterization of 1994-95 drought and water 

deficit in north westem region of Bangladesh and detennined longest wet and dlY periods by 

Markov model and largest rain-sum at different probability are drawn to identity the regional 

variation characteristics. Water availability and IO-day water deficit is calculated for the 

period of 1976-96 and fitted extreme value type distribution to IO-day maximum for each 

station. Result shows that extreme value type~I distribution seems to fit the deficit well. 

Chaube (1999) studied consistency of 10 different drought indices (like variability of 

rainfall, criterion of Indian Meteorological Department, irrigation facilities, crop loss, 

frequency of occurrence of rain, inadequacy of rainfall, erratic distribution of rainfall, 

deficiency of runoff, soil moisture stress and aridity index) in identification of drought in 99 

districts, identified as drought prone in India by Central Water Commission. The study showed 

that on an all India basis aridity index, erratic distribution of rainfall and deficiency of rainfall 

are 1110re consistent and therefore may appear to be superior criteria for identification of drought 

proneness with the assumption that agro-climatic variation does not influence choice of drought 

indices. The degree of consistency among these ten indices considering the variation in agro­

climatic conditions in the 99 drought prone districts indicate that only some specific indices are 

preferable for each of the nine identified agro-climutic zones of India. Based all this regional 

analysis some indices are recolllmended for identification of drought. 

Sarkar (2000) studied agricultural drought of 1987 monsoon season in India using 

Thomthwaite's tec1U1ique of weekly water balance utilizing potential evapotranspiration values 

obtained by Penman's method. Above nonnal value of weekly aridity index has been taken as 

the agricultural drought index to demarcate the drought affected areas. Results showed that a 

major portion of the Gujarat state had continuously been under the grip of moderate to severe 
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drought conditions since 18-24 June till September end. Other areas substantially affected were 

Rajasthan, Punjab, Haryana, Costal Andhra Pradesh, Madhya Pradesh, Uttar Pradesh and 

Vidarbha in Maharashtra where prolonged drought spell abating only for short periods prevailed 

in the season. 

Sumathi et a1., (2000) assessed the severity of the recurrence of drought in 

Permnbatur, Tamilnadu and suggested strategies to combat the effect of drought using rainfall 

data for 40 years (1960-99). Study revealed that Perambatur has a chance of drought 

occurrence once every three year. Water harvesting technique and soil conservation structures 

are suggested as drought mitigation strategies. 

Sarkar (2001) investigated the incidence, spread, intensification and cessation of 

drought in a fortnightly time scale during monsoon 1999 in India using aridity index. Results 

revealed that in the first fortnight of June a major proportion of Orissa and adjoining east 

Madhya Pradesh suffered from severe drought conditions which had been wiped out in the 

next fortnight during which however, severe drought conditions over central and south­

eastern India decreased. Subdued rainfall activity in the first fortnight of July brought a large 

portion of northwest and central India under severe drought condition. Good rainfall activities 

in the second fortnight of July over traditionally drought prone northwest and central India 

favol1l"cd a good khal'if. From mid-August to about third week of September, subdued rainfall 

activity over northwest and peninsular India had worsened the drought situation over these 

areas. Crop reports revealed that due to this long and dry period crops in Gujarat, Rajasthan, 

Andhra Pradesh and Karnataka suffered a setback. Good rainfall activity over the country till 

the complete withdrawal of monsoon largely compensated for whatever the setbacks crop 

suffered in August and early September. 

Sinha Ray and Shewale (200 1) determined the probability of occurrence of 

meteorological drought in various sub divisions of India and the probability of sub division 

['wing two or more consecutive droughts with the help of 124 years data (1875-1998). The 

results clearly showed that probability of occurrence of drought was maximum in West 

Rajasthan (25 %) followed by Saurashtra and Kutch (23 %), Jammu and Kashmir (21 %) and 

Gujarat region (21 (Xl). Maximum probability of OCCUlTencc of two consecutive years of drought 

was in Jammu and Kashmir and West Rajasthan. During the complete 124 years period there 

were three occasions i.c. ill 1877, 1899 and 1918, when the percentage area of the country 

affected by drought was more than 60 per cent. It was also stated that during last 80 years there 

was no occasion when the percentage area of the country affected by drought was more than 50 

per cent. 

Pandey et at, (2002) studied the magnitude and frequency of meteorological drought 

with rainfall deficiency of Hawalbagh in Uttrmlchal. Study revealed that dming the. period of 

35 years (1964-98) there were about 17.1 per cent drought, 17.1 per cent excessive flood and 
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65.8 per cent nonnal years. Rainfall of drought years was departed negatively (20.4 to 37.5%) 

from the mean. Although the maximum weeks and maximum months were observed dry in 

1964, however, this year did not fall in the drought category. It indicates the limitation of 

definition laid down for drought classification. The probability analysis revealed that there is 97 

percent probability to get 23 droughts, 3 abnormal and 9 normal weeks in a year. 

Gore and Sinha Ray (2002) identified large scale droughts over Gujarat by considering 

rainfall for the period 1901-1999. The study revealed that 43 large scale droughts and 

significant increasing trend in the area affected by drought over Gujarat. The probability of 

large scale drought occurrence over Gujarat in all India drought year was 82 percent. 

Satpute (2004) investigated drought pattem over Maharashtra by using rainfall of 

different stations for the period 1 976-2002.111e study revealed that total drought years vary from 

12 to 15 during the study period in different zones, indicating frequency of one drought year in 

every two years. Analysis of drought years indicated that drought does not occur simultaneously 

in all the agro-clil11atic zones but usually occur sporadically all over the st.:1.te. The results also 

indicated that droughts are common not only in arid and semi arid climate but equally occur 

even with higher frequency in dry sub humid climate. 

2.5 FREQUENCY ANALYSIS 

Frequency analysis is the most common statistical method of analysing hydrologic 

data. Frequency analysis is used to predict how often certain values of a variable may occur 

and to assess the reliability of the precision. Forecasts of drought events can generally reduce 

the damage caused by droughts. Firstly, and most obviously, warning of an event enables 

people to adopt drought management strategies. If sufficient lead time is provided, vulnerable 

possessions may be removed from the drought region and remedial measures can be made in 

advance to minimize the damage caused by drought. 

Chowdhury et aI., (1989) analysed 113 years (1875-1987) rainfall data to quantify 

drought for the country as a whole and studied the frequency distribution of time interval 

between the occurrences of successive droughts. The occurrence of drought appeared to be a 

random phenomenon and the time interval between successive years of drought appears to 

follow a Poisson distribution. 

Singh et a!., (1991) analysed rainfall characteristics of Kutch district based on rainfall 

data of 12 stations for the period of 1901 to 1989. The probability of weekly rainfall 

distribution was worked out by ranking order methods. The results indicated that rainfall has 

decreasing trend from SW region to NE region. From probability analysis, the study revealed 

that interior part of the district is more prone to drought conditions as compared to coastal 

plains. The authors observed that 1110st of the stations had recorded highest observed rainfall 

values nearer to the estimated rainfall of 100 years retl1rn period except at Bhuj, Anjar and 

Radhanpur. 
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Gupta (1992) made comparison of commonly llsed nine procedures for frequency 

analysis of the rainfall data for their capability of predicting rainfall amount at various 

probabilities. The study showed that at least seven distributions out of the nine are capable of 

predicting reasonably good values in the probability range of 0.1- 0.5, which are commonly, 

used probabilities for planning agricultural operations. The study concluded that power 

transformation is the most powerful tool for frequency analysis followed by log-Pearson type­

III and Pearson-III distributions. 

Paul (1993) analysed annual, seasonal and weekly rainfall data for a period of 80 

years from deficit point of view at Hazaribag and found that annual and seasonal rainfalls 

follow log normal and normal distribution. Date of onset of monsoon is normally distributed 

with 18th June as mean date and the standard deviation of 8 days. The date oftem1ination of 

effective monsoon as well as maximum dry spell duration follows extreme value distribution. 

Bhatt et aI., (1996) attempted frequency analysis of one day maximum rainfall data 

by analysing 24 years (1968-1991) daily rainfall data of Datia. The expected values estimated 

by extreme value type-I, log normal and log Pearsoll type-III distributions were compared 

with the observed values estimated by Weibull formula. The analysis indicated that log 

Pearson type-III distribution gives the closest fit to the observed data. 

Kaledhonkar et aI., (1996) computed frequency distribution of longest duration and 

largest deficit of drought using annual rainfall series of four stations in southwest Orissa. The 

validity of the method was established by comparing the distribution of longest negative nUl 

length of drought with the theoretical distribution obtained from independent normal process. 

Log normal distribution was successfully fitted to describe the distribution of longest duration 

and largest deficit of drought. 

Sharma (1997) found that the important elements of a drought phenomenon are 

longest duration and the largest severity of a desired return period. These elements form a 

basis for designing water storage systems to cope with droughts. At times, a third element, 

drought intensity, is also used and is defined as the ratio of severity to duration. The 

commonly available statistics for the drought variables such as annual rainfall, nmoff 

sequences are the mean, coefficient of variation and the lag one serial correlation coefficient 

and occasionally some indication of probability density fimctions of the sequences. The 

extemal values of the duration and severity modelled using information of aforesaid 

parameters. The drought severity was modelled as the product of the duration mld intensity 

with the assumption of independence between them. An estimate of drought intensity was 

realized from the concept of the truncated normal distributioll of the stmldardized form of the 

drought sequences in the nonnalized domain. A formula in .terms of the extremity, severity 

and retum period was also suggested. 
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Rana and Thakur (1998) analysed annual, seasonal, monthly and weekly total rainfall 

data of KuHu valley in Himachal Pradesh to obtain rainfall distribution pattern using three 

different theoretical frequency distributions like Gumbel, log normal, and log Pearson type­

III. The Gumbel distribution fitted well to the observed rainfall data and expected and 

observed frequencies were found to be in fair agreement with each other. The authors 

suggested that Gumbel distribution can be used to obtain rainfall distribution pattem in Ku11u 

valley. 

Kumar et. aI., (1998) analysed rainfall data for a period of 12 years from 1979 to 

1990 for Aonla in Uttar Pradesh. The authors used normal distribution, log normal 

distribution, square root transformation and mixed distribution for their ability to fit monthly 

rainfall values. Kolmogorov-Smimov test for goodness of fit was used. It was found that 

mixed probability distribution gave best at all probability levels. 

Kumar et aI., (2000) compared commonly used distributions and transfomlations for 

probability analysis of monthly dry days data using Kolmogorov-Smirnov test and percentage 

deviation. The normal distribution with Smemax transformation was found to be best fit for 

the selected data series at Pantnagar. 

Kar and Singh (2002) predicted southwest and post monsoon rainfall at different 

probability levels using different probability models and were compared with observed values 

given by Weibull's formula. Chi-square test was done to obtain best probability distribution 

function. Result indicated that for predicting June rainfall log normal and for September 

rainfall, the log Pearson type-III and for July and August extreme value type-I were the best 

fit probability distribution functions. 

Surcsh (2003) evaluated a most suitable probability model for predicting a11llUaI 

maximum daily rainfall for Pusa fann (Bihar) based on rainfall data for 38 years (1964-2001). 

The Weibull's method was used for computation of observed event at the return periods of I, 

1.25, 2, 5, 25, 50 and 100 years while theoretical events were computed by log normal, 

Gumbel and Pearson type-III distribution techniques for same return periods. The statistical 

comparison by Chi-square test for goodness of fit clearly indicated the Pearson type-III 

distribution as the best probability model. 

2.6 ARTIFICIAL NEURAL NETWORKS 

An Artificial Neural Network (ANN) is a flexible mathematical structure which is 

capable of identifying complex nonlinear relationships between input and output data sets. 

ANN models have been found useful and efficient, particularly in problems for which the 

characteristics of the processes are difficult to describe using physical equations. 

Hsn Kuo-lin et aI., (1993) presented a new procedure (entitled LLSSIM) for 

identifying the stmcture and parameters of three-layer feed-forward ANN modds and 
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demonstrated the potential of such models for simulating the nonlinear hydrologic behavior of 

watersheds. TIle nonlinear ANN model approach was shown to provide better representation 

of the rainfall-runoff relationship of the medium size Leaf River basin near Collins, 

Mississippi than the linear ARMAX (Auto Regression Moving Average with exogenous 

inputs) time series approach or the conceptual SAC-SMA (Sacramento Soil Moisture 

Accounting) model. Because the ANN approach presented here did not provide models that 

had physically realistic components and parameters, it is by no means a substitute for 

conceptual watershed modeling. However, the ANN approach provided a viable and effective 

altemative to the ARMAX time-series approach for developing input-output simulation and 

forecasting models in situations that do not require modelling of the internal structure of the 

watershed. 

Yang et. aI., (1996) developed and trained an mtificial neural network by using the 

simulated midspan water table depths from DRAINMOD, a conventional water table 

management model. Compared to DRAINMOD, the model was very simple to nm mld 

required only a small amount of data, such as precipitation, ET, and initial midspan water 

table depth. The results indicated that the artificial neural network model could make 

predictions similar to DRAINMOD, with the least root mean square error of O. I 193 and doing 

this significantly faster and with fewer input data. Generally, the artificial neural network 

structure with six processing elements and one hidden layer was sufficient for the study. It 

was found that the network should be trained with at least 145000 cycles but more than 

200000 cycles are unnecessmy. A lag procedure was suggested which improved the 

performance of artificial neural networks under irregular situations, such as sudden and large 

rainstorms. A 3-day lag of all input parameters was the best choice when the weather 

conditions were irregular. 

Altendorf et. aI., (1999) studied a set of neural networks, each of which predicted soil 

water content at a givcn depth as a function of soil temperature. Networks were developed to 

predict at depths of O.ISm, 0.3111, 0.6m and 1.2 m. Input data consisted of a coefficient 

describing soil typc and soil temperature measured at two depths above and two depths below 

the desired depth. The networks were generally able to predict the variations in water content 

over time. Network perfonnmlce generally improved as deeper depths were considered. For 

comparison purposes, multiple linear regression models were also used. They did not perform 

well, particularly in following the trends in the data over time. 

Kumar et al., (2002) investigated the utility of artiflcial neural networks (ANNs) for 

estimation of daily grass reference crop Evapotranspiration (ETo) and compared the 

perfonnmlce of ANNs with the conventional method (Penman-Monteith) used to estimate 

ETI). Several issues associated with the use of ANNs, including different leaming methods, 

number of processing elements in the hidden layer(s) and the numbers of hidden layers were 
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examined. Three learning methods, namely; the standard, back-propagation with learning 

ratcs of 0.2 and 0.8 and back propagation with momentum were considered. The networks 

were trained with climatic data (solar radiation, maximum and minimum temperature, 

maximum and minimum relative humidity and wind speed) as input and the Penman­

Monteith estimated ETo as output. The best ANN architecture was selected on the basis of 

weighed standard error of estimate (WSEE) and minimal ANN architecture. The ANN 

architecture of 6-7-1 (six, seven and one neuron(s) in the input, hidden and output layers, 

respectively) gives the minimum WSEE (less thanO.3 111m/day) for all learning methods. That 

value was lower than the WSEE (0.74 nun/day) between the Penman-Monteith and lysimeter 

measured ETo as reported by Jensen et al in 1990. Similarly, ANNs were trained, validated 

and tested using the lysimeter measured ETo and corresponding climatic data. Again, all 

learning methods gave less WSEE (less than 0.6 mm/day) as compared to the Penman­

Monteith method (0.97 mm/day). Based on these results, it can be concluded that the ANN 

can predict ETo better than the conventional method. 

Sudheer et. aI., (2003) examined the potential of artificial neural networks (ANN) in 

estimating the actual crop evapotranspiration (ETc) from limited climatic data. The study 

employed radial-basis function (RBF) type ANN for computing the daily values of 

evapotranspiration for rice crop. Six RBF networks, each llsing varied input combinations of 

climatic variables, had been trained ,md tested. The model estimates were compared with 

measured lysimeter evapotranspiration. The results of the study clearly demonstrated the 

proficiency of the ANN method in estimating the evapotranspiration. The analyses suggest 

that the crop ET could be computed from air temperature using the ANN approach. However, 

the present study used a single crop data for a limited period, therefore further studies using 

more crops as well as weather conditions may be required to strengthen these conclusions. 

Trajkovic et al., (2003) applied a sequentially adaptive radial basis function network to 

the forecasting of reference evapotranspiration (ETo). The sequential adaptation of parameters 

and stmcture was achieved using an extended Kalman filter. The criterion for network 

growmg was obtained from the Kalman filter's consistency test, while the criteria for 

neuron/connection pruning were based on the statistical parameter significance test. The 

weather parameter data (air temperature, relative humidity, wind speed, and sunshine) were 

available a.t Nis, Serbia and Montenegro, from JrulUaly 1977 to December 1996. The monthly 

reference evapotranspiration data were obtained by the Penman-Monteith method, which was 

proposed as the sole standard method for the computation of reference evapotranspiration. 

The network leamed to forecast ETa,! 'I. I based 011 ET O,t-II and ET 0,\-23. The results showed that 

ANNs can be used for forecasting reference evapotranspiration with high reliability. 
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Rajurkar et a!., (2004) presented artificial neural network for modelling daily flows 

during flood events. The rainfall-runoff process was modeled by coupling a silllple linear 

(black box) model with the ANN. The study used data from two large size catchments in 

India and five other catchments used earlier by the W orId Meteorological Organization 

(WMO) for inter-comparison of the operational hydrological models. The study demonstrated 

that the approach adopted herein for modelling produced reasonably satisfactory results for 

data of catchments from different geographical locations, which thus proves its versatility. 

Most importantly, the substitution of the previous days fUnoff (being used as one of the input 

to the ANN by most of the previous researchers), by a term that represents the nllloff 

estimated from a linear model and coupling the simple linear model with the ANN may prove 

to be very much usefhl in modelling the rainfall-runoff relationship in the non-updating mode. 

2.7 STOCHASTIC MODELLING OF DROUGHT 

A mathematical model representing a stochastic process is called stochastic model or 

time series model. The water deticit from an area is stochastic in nature since it is affected by 

climatological parameters. The stochastic nature of water deficit can be represented by the 

simulation or mathematical modelling. This modelling is a basic tool to generate desired 

parameter with greater accuracy. The stochastic modelling of water deficit as time series is 

important for selection of suitable crop variety, scheduling of irrigation and drought 

management planning. 

Davis and Rappoport (I 974) calculated forecasts for the monthly Palmer Drought 

Severity Index using an exponential smoothing procedure and an autoregressive moving 

average process using monthly data for 1929-1969. Results demonstrated the usefulness of the 

autoregressive moving average time series analysis procedure. 

Box and Jenkins (1976) have systematically discussed the time series models. Most of 

the recent advcUlces in time series analysis arc based on the basic work of Box and Jenkins. 

Katz and Skaggs (1981) described statistical problems that may be encountered in 

fitting autoregressive-moving average (ARMA) process to meteorological time series. 

Techniques that lead to an increased likelihood of choosing the 1110st appropriate ARMA 

process to model the data at hand arc emphasized. Modelling of Palmer Drought Index time 

series for climatic division of the United States is considered in detail by ARMA processes and 

shown that low order purely autoregressive processes adequately fit these data. 

Jolliffe (1983) illustrated how second order autoregressive model can substantially 

account for observed quasi-periodic behaviour in meteorological or climatological series by 

using data on sunspots, Baltic ice and zonal circulation as index. 

Kamte and Dahale (1984) evaluated first order autoregressive AR(1) model to generate 

m-day minimum rainfall of different durations. The model satisfactorily explains the observed 
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minimum rainfall of different durations. Further, the probabilities of minimum rainfall of 

different durations are estimated to understand how best one can delineate the area of droughts. 

Srinivasan and Ramesh (1993) examined the efficiency of the periodic models in 

presenting the basic periodic statistics as well as the over year drought characteristics of highly 

variable monsoon based river flow through stochastic modelling of the monthly flows measured 

at Krishnarajasagar reservoir. The over year drought characteristics obtained form the 

synthesis sequences generated using the low order periodic models are composed with those 

obtained from Thomas-Fiering log normal three parameter model. The authors found that 

periodic autoregressive model of order two [PAR (2)] with Wilson Hilferty transformation 

performs the best of verification stage but this model was found to overestimate the deficit 

sum. 

Gorantiwar et aI., (1995) applied autoregressive models (AR) up to fourth order to the 

historical annual stream flows and logarithmic transformation of the historical annual 

streamflows of Barker river to generate synthetic annual streamflows. Mean standard 

deviation and lag one serial correlation coefficient were preserved in generated streamflows 

of all applied AR models as statistical propelties of historic sequence fell within 95 percent 

confidence limit. Diagnostic checking of residuals series showed that AR model of fourth 

order applied to logarithmically transformed streamflows fit the annual streamflows data well 

in preservation of all the statistical characteristics. 

Mutua (l998) used a recursive transfer function hydrologic model for the Sagana 

Catchment of Tana river in Kenya, based on the daily stream flow data. The generalized pmtial 

auto con-elation technique was used to identify the stochastic characteristics of the data. The 

identified model appeared to forecast the low flow very well, but it showed significant deviation 

in the forecast of high flows mainly on day to day basis although the general trend was well 

duplicated. 

Singh (1998) attempted stochastic modelling of monsoon rainfall data at 50 different 

stations across India to study the persistence stmcture causing interammal variability in 

monsoon rainfall. The study of stochastic behaviour of annual summer monsoon rainfall of the 

Indian sub continent revealed that tbe annual 1110nsoon rainfall values do not have any 

persistence between them and they can be reliably estimated for a desired recurrence interval 

using a normal distribution and transfonnation of data using a Box-Cox transfol11lation. 

Reddy and Kumar (1999) developed a time series model for average monthly rainfall 

and used it for Bino watershed of Ramgrui.ga river. The rainfall series was assumed to be 

composed of deterministic and stochastic component. Fourier series analysis was used to 

identify periodic component. The stochastic component was modelled by fitting auto 

regressive model. The mean and standard deviation of generated series were fOlmd close to 
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the historical series. The absolute, relative and integral square errors indicated a high degree 

of model fitness to the observed data series. 

Subbaiah and Sahu (2002) presented a model for the weekly monsoon season rainfall 

based on average weekly rainfall data of 49 years (1958-97) at Junagadh. Model is based on 

the assumption that weekly rainfall in season is a first order Markovian process. Comparison 

between the historical and synthetic series showed that the two are statistically comparable 

with respect to measures of central tendency dispersion and distribution. 

Jat et aI., (2003a) developed a stochastic model for weekly water deficit series under 

climatic conditions of Kota in Rajasthan. The statistical properties of the generated series have 

been verified with those of historical series, which were almost the same. Validation of 

developed stochastic model made by comparison of generated and observed series showed a 

linear cOlTclation with correlation coefficient of 0.88 and stated that the developed 

autoregressive model can be used for prediction of weekly water deficit series. 

2.8 GEOST A TISTICAL MODELLING 

Geostatistics is a mathematical interpolation and extrapolation tool, which uses the 

spatial statistics of the data set to cstimate the property at a location where samples arc not 

available. It consists of variogram and kriging method for model development. Fitting of 

standard model by geostatistical tcclmique gives accurate estimate for interpolated values. This 

technique was originally developed for spatial analysis in mining resources. Although not much 

literature is available with regard to geostatistical modelling of drought, the following reviews 

reveal the impOliance and its application technique to various fields of study. 

Brooker ct aI., (1995) investigated soils of irrigated vineyard using geostatistical 

approach. Effective supply of water for irrigation requires that the capacity of the soil to hold 

watcr be mcasured. Field measurement of the depth and texture of each soil layer in a profile 

allows calculation of the readily available water for the site. The spatial variation of readily 

available water is characterized by its semivariogram, calculated over the property under 

study. This function is used in a geostatistical analysis to determine the average value of the 

variable over areas watered by opening irrigation valves. The accuracy of sllch estimates is 

also provided in the geostatistical procedure of kriging. A case study applied to a vineyard in 

South Australia deals with root zone readily available water and depth of topsoil. The 

property was sampled with a grid 75 m X 75 111. Irrigation valve areas arc typically 1.3 ha. A 

50 (Yo reduction in confidence intervals for the estimates occurred when the valve areas are 

estimated by kriging compared with those obtained using a simple average of the samples 

contained within the area. Of interest is the anisotropy seen in the semivariograms. Variation 

in the N-S direction is much more rapid than in the E-W. 111is factor is currently incorporated 

into the rectangular design of the irrigation valve areas. It is suggested that it should also 

influence sampling design. 
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Martinez-Cob (1996) evaluated ordinary kriging, co-kriging and modified residual 

kriging to interpolate long-tenll mean total annual reference evapotranspiration (AETO) and 

long-term mean total annual precipitation (APRE) in a mountainous region, where the 

stationarity hypothesis does not hold for the whole region, but holds locally. AETO and 

APRE estimates and estimation errors were evaluated at validation stations. Estimates and 

computed estimation error variances (used as indicators of estimation uncertainty) were also 

obtained at 19135 km grid points. Estimates at validation stations generally agreed with 

observed values for all interpolation methods, although modified residual kriging estimates of 

APRE were slightly worse than those obtained by the other two methods. Based on mean 

absolute error (MAE) and mean squared error (MSE) at validation stations, no method ranked 

clearly above another for interpolation of AETO. At grid points, AETO estimation uncertainty 

was improved by co-kriging by 11.5 % and 8.4 % compared with ordinary kriging and 

modified residual kriging, respectively. Likewise, co-kriging was superior for interpolation of 

APRE in terms of MAE and MSE obtained at validation stations. At grid points, co-kriging 

reduced estimation uncertainty by 18.7 % and 24.3 % compared with ordinary kriging and 

modified residual kriging, respectively, whereas modified residual kriging in general did not 

improve ordinary kriging results. Computed estimation error variance values indicated that 

modified residual kriging would reduce estimation uncertainty in areas where very few 

weather stations are available for interpolation. 

Papamichail and Metaxa (1996) applied kriging to describe the spatial variability of 

rainfall data over a geographical region in llOrthem Greece. Monthly rainfall data of January 

and June 1987 were taken from 20 measurement stations throughout the area. The rainfall 

data were llsed to compute semivariograms for each month. The resulting semivariograms 

were anisotropic and fitted by linear and spherical models. Kriging estimates of rainfall and 

standard deviation were made at 90 locations covering the study area in a rectangular grid and 

the results used to plot contour maps of rainfall and contour maps of kriging standard 

deviation. Verification of the kriging estimates of rainfall were made by removing known data 

points and kriging an estimate at the same location, This verification is known as the 

jackknifing technique. Kriging errors, a by-product of the calculations, were used to give 

confidence intervals of the resulting estimates. The acceptable results of the verification 

procedure showed that geostatistics can be used to describe the spatial variability of rainfall. It 

was shown how the property of kriging variance depends on the stmcture and tlle geometric 

configuration of the data points and the point to be estimated can be used for the optimal 

design of the rain gauge network in an area. 

Pardo~Iguzquiza (1998) compared and discussed the results of estimating the aereal 

average climatological rainfall mean in the Guadalhorce river basin in Spain using the classical 

Theissen method and three different geostatistical approaches (ordinary kriging, co~kriging and 
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kriging with an external drift). Results revealed that kriging with an external drift seem to give 

the most coherent results in accordance with cross validation st:'1tistics. Kriging with an external 

drift has the advantage of requiring less demanding variogram analysis than co-kriging. 

Holawe and Dutter (1999) used variogram to measure the temporal and spatial 

behaviour of precipitation over Austria. From the database of daily data from more than 400 

precipitation stations having record of 20years, the most essential properties of the variogram 

in its general form, namely sill, range and nugget effect were calculated first. Then it was 

demonstrated how these variables may reveal interesting insights into the spatial stmcture of 

the temporal situation of precipitation in Austria 

Pmdhomme and Reed (1999) applied ordinary kriging and modified residual kriging to 

map an index of extreme rainfall, the median of the annual maximum daily rainfall in the 

mountainous region of Scotland. Statistical tests of the perfonnallce of the kriging methods, as 

well as direct comparison between final estimates and observations, showed the modified 

residual kriging teclmique to be the 1110st suit:'1ble for mapping the median of almual maximum 

dail y rainfall. 

Panigrahy and Singh (2000) adopted kriging technique to evaluate the existing 

raingauge network in Burhi~Gandak river basin, having 15 existing raingauges, with a view to 

select the optimal network density and location of the rainga.uge stations for the optimal 

estimation of average areal rainfall. In order to identify rainfall variation, a variogram is defined 

and modelled with distance, and parameters contributing to spatial and temporal variations are 

separated. It is found that only 10 raingauge stations would be sufficient for optimal estimation 

of average areal rain£'111 in the basin. 

Grewal et ai., (2001) investigated spatial variability of exchangeable zinc (Ex-Zn) and 

carbonate zinc in 5600 km2 area of Rohatak and parts of its adjoining district in the Indo~ 

Gangetic alluvial plains of north-west India using 72 surface salnpies. The semivariogram of 

Ex-Zn showed that this zinc fraction is spatially dependent lip to a distance of 30 km within 

the study area, while that Carbon-Zn showed no spatial dependence of this fraction, indicating 

its random distribution. The obselved and krigged values were llsed to draw isarithmatic maps 

of Ex-Zn. The results from geostatistical analysis of the data show that kriging could explain 

most of the variation in the original data. 

Hordofa (2003) developed a geostatistical model for studying spatial variability of 

pan evaporation measurement taken over twenty agro-meteorological sites of Ethiopia using 

geostatistical kriging technique. Applying variogram, the spatial structure of mean pan 

evaporation was analysed and used to reproduce point-iaiging estimates. These estimates 

have been used to produce mean pan evaporation maps for Ethiopia for twelve months. 

Satpute (2004) used geostatistical model to study spatial and temporal variability of 

water deficit (drought pattem) over Mahal·ashtra. Fortnightly water deficit of 18 meteorological 
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stations that represent as point samples were interpolated applying kriging technique to generate 

estimates for non sampled points. Applying variogram, the spatial structure of fortnight water 

deficits were analysed and then modified for use in kriging to produce point kriging estimates. 

The results indicated that the OCCUITence and spread of drought has a general tendency to 

originate in the water deficit region, spreads in different directions of similar deficient region 

and then dissipates. 

2.9 CROP PLANNING 

In dry land areas crop production depends on vagaries of nature. Characterization of 

drought during a crop season helps in platming the most effective cropping pattern and 

developing suitable supplementary iITigation facilities. Drought studies CalTied in this direction 

are presented below. 

Narain et ai., (1984) made all attempt to characterize the drought in three districts 

falling in arid and semi-arid regions in Western India in relation to jowar crop. The study 

revealed that in Janmagar and Surendranagar in Gujarat State, the OCCUITence of droughts of 9 

week duration during early August and end of September is relatively more frequent and is 

expected to occur once in five and fOUT years, respectively. The authors also stated that the 

variability in jowar yield (40 to 70%) was attributable to rainfall deficiency. The drought base 

values obtained for different durations can be used with sufficient accuracy for evaluating the 

intensity of agricultural drought in the region. 

Tripathi (1992) used Markov-Chain model to predict the sequences of wet and dry 

days. The analysis was based on rainfall data of 22 years at Pantnagar. Weekly probability 

and probability of a pmticular day in the week being wet or dry showed that wheat planted in 

the first week of December has a 50-70 per cent chance of getting rain at crown root initiation 

and flowering stages and a sure chance of rain at jointing and milk stages. 

Venkateshwarlu (1993) analysed the effect of drought on food grains production on 

the national scale as well as for individual crops, taking state as a unit. The author suggested 

that present use of meteorological sub-divisions in crop monitoring is inadequate. So, zones 

shall be listed based on assured moisture availability periods, hypsography and soil type. It 

was also suggested that mmual amount of rainfall received and its distribution should be 

related to the various phenophases of crop, which will provide factual position on the 

perfonnal1Ce of the crop. The author concluded that crop is said to be drought affected if AET 

to PET ratio is less than 0.25. 

Ghadekar et a!., (1994) conducted studies to quantify the stress during various growth 

stages in terms of potential evapotranspiration and actual evapotranspiration. The single 

continuous dly spell of 77 to 83 days and broken dry spells of still longer durations were 

found to occur during cotton growing season. The dry spells of pentad and decade durations 
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were more common and coincided with seeding, vegetative and reproductive stages. Mean 

water stress of 218.6 mm during total life phase and 168.4 mm during maturity were noted. 

Stress during maturity amounted to about 77.04 per cent of total life stress making crop 

production risky in the region. 

Sarkar (1994b) investigated suitable cropping pattem over the coastal tract of Orissa 

for maximizing agricultural production based on probabilistic rainfall while giving due 

importance to soil, topography and salinity problem. 

Rath et aI., (1996) analysed 20 years (1975-94) daily rainfall data to establish the 

drought frequency based on Markov-Chain model considering a pentad (5 day period) 

receiving rainfall less than 15 111m as dry period. The result of the analysis indicated that the 

safe growing period during kharifseason is fro11133 rd pentad (loth June) to 51 st pentad (lth 

S eptem b er) . 

Agnihotri (1999) analysed rainfall data of39 years (1958-96) at Chandigarh to work 

out Precipitation Concentration Index (PCI) and Modified Precipitation Concentration Index 

(MPCI) and found that kharif and rabi season rainfall series are non random as tested through 

non-paramedic test at 5 per cent level of significance. The MPCr values were used to classify 

drought and flood years. Mean kharif season rainfall during 1958-67, 68-77, 78-87 and 88-96 

was found out to be significantly different form each other as treated through statistical 't' test 

at 5 per cent level of significance. 

Chaurasia et aI., (1999) analysed rainfall data of 30 years for the monsoon period on 

weekly basis following Gamma distribution and Weibull's method to predict the occurrence of 

rainy events of different probability for crop plmming in Ludhiana district, Punjab. The analysis 

revealed that cultural operation of rice after transplanting can possibly be managed with rain 

water as the average weekly rainfall of the favourable events are in the rmIge of 37 to 62 nun. 

Das (1999) investigated the int1uence of rainfall during the growth phases and total 

crop season on yield of rice in Konkal1 region of Maharashtra. Results indicated that the final 

yield was dependent not as much on the total rainfall during the entire crop season as on the 

rainfall during tillering to early grain setting stage. Moderate stress conditions are normally 

observed towards early September, which adversely affect crop production. 

Agnihotri and Murti (2000) studied the pattern of weekly soil moisture availability 

during kharif season and worked out probabilities of moisture stress free weeks under 

different sowing week systems. Weeks with cllllulative actual evapotranspiration more than 

half of cumulative potential evapotranspiration were considered as moisture free weeks. The 

authors found that for Chandigarh region, sowing in 25th week is most ideal. The study 

concluded that there is 110 association between sowing schedule and amount of rainfall during 

kharif season. 
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Dabral (2000) analysed daily rainfall and evaporation data of 34 years (1956-89) for 

excess and deficit rainfall period. The author termed period as excess if rainfall exceeds the 

evaporation and as deficit if evaporation exceeds the rainfall. Graphs were plotted for excess 

deficit period at 30 % and 40 % risk. The study revealed that supplemental irrigation is 

needed during 42nd to 18th week for the tea crop. It was suggested that in order to minimize 

risk of tea crop failure due to lack of rain, irrigation plmming should be based on 30 per cent 

risk at level. The author also suggested that irrigation planning based on 30 per cent risk level 

may increase the irrigation expenses but it will reduce risk of crop failure. 

Srivastava et al., (2000) investigated drought in relation to rice productivity for Raipur 

division. Results on drought analysis using aridity index showed that due to recuning feature of 

drought spells in October, raising of long duration rice cultivars under rainfed conditions in the 

region should be avoided. 

Gore (2001) applied Markov-Chain model to obtain the probabilities of wet and dry 

spells over districts of all subdivisions of the country from five homogenous regions and from 

hilly areas using daily rainfall dat.'l of 190 1 to 1990 for all the available stations in the 

subdivisions. It is stated that climatological analysis in the fonn of probabilities can be very 

useful in decision making for agricultural operation. 

Munamava m1d Riddoch (2001) experimented the effect of water stress at the 

vegetative, booting and flowering stages on three cultivars of sorghum in a pot experiment 

under glasshouse conditions in Bolswana. Results indicated that grain yields were significantly 

(P < 0.05) lowered by stress, especially when this was applied at the booting stage. Cultivars 

differences in yield were not significant based on overall performance. 

Das et al., (2002) developed an index called moisture deficit index from water bala11ce 

to assess agricultural drought in the dry land fanning zone of India and stated that the moisture 

stress experienced by the crop and its accumulation could be used as a factor in detem1ining the 

crop yield. 

Panigrahi and Panda (2002) studied the sequences of dry and wet spells of Kharagpur 

in West Bengal so that necessary steps can be taken to prepare contingent crop plan in that 

rainfall region. It was observed that from 24th to 39th week, the chances of occurring 2 and 3 

consecutive dry weeks are only within 0 to 33.3 and 0 to 23.3 per cent respectively. 

Therefore, a short duration rice crop of about 100 days duration can easily be grown in the 

region with little fear of drought. Moreover the residual soil moisture after the harvest of rice 

can be effectively utilized for raising another short duration crop in winter. 

Gourangakar (2003) analysed weekly rainfall and concluded that most dependable 

limit (> 70 % probability) of occurring 10 mm or more rainfall was observed to be from 25th 

standard week. So sowing operation of rainfed crops may be initiated from 24th week, 

immediately after onset of monsoon. Winter and summer rainfall is meagre and erratic, so 
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growmg of high value crops without supplementary irrigation would be risky. Crop 

diversification and substitution of rice in upland may be done to improve productivity and 

cropping intensity of upland for which monthly rainfall was sufficient even at higher 

confidence level (90 % probability). 

Jat et al.. (2003b) proposed crop planning for Bhilwara in Rajasthan using dry and 

wet spell analysis. The authors suggested that with a rainy season of 12.5 weeks mean 

duration (CV as 40.60 %), fanners cml take short duration crops like maize, sorghum and 

pulses of 80 to 90 days. Second crop like mustard, taramira and gram can be taken up during 

40th to 42nd week. 

From review presented above, it is inferred that for better crop planning mld 

understanding the relationship between water deficit and surplus during crop growth period is 

very impOltant while the knowledge on rainfall related parameters such as data on onset and 

termination of monsoon and duration and magnitude of water deficit and drought 

characterisation is limited ill Gujarat. This needs immediate attention as more than two third 

area of the arable land in the state is rainfed. Frequency analysis interprets past record of 

events to predict the f'uture probabilities of occurrence. Water deficit data at different 

probabilities of occurrence can be used in designing and managing protective irrigation 

systems as well as for planning, designing and managing water resource projects. In such 

studies there is a need to predict the magnitude of extreme water deficit at different retum 

periods. 

A stochastic model explains the extent of dependence of the present observation on 

the past observation. Therefore, stochastic modelling of water deficit may provide good 

insight and understanding of the process for useful application in crop planning of the region. 

The Artificial Neural Network models have been found useful and efficient, particularly in 

problems like water deficit, for which the characteristics of the processes are difficult to 

describe using physical equations. Geostatistical approach of spatial estimation known as 

kriging can be used to interpolate water deficit data for unrecorded places and thereby to 

produce contour maps at suitable time interval for studying spatial and temporal variability of 

water deficit over the state. 

Recognizing the above concem and taking into consideration that no such study has 

been carried out in different agro-climatic zones of Gujarat, it is necessary to analyse, 

characterize and model drought situation in the state under chffilging climatic pattem. 
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III - MATERIALS AND METHODS 

This chapter encompasses the location of the study area and its characterjstics 

features, the methodology adopted in achieving the set of objectives in light of the basic 

ground data and other relevant components of the study. 

3.1 GENERAL FEATURES OF THE STUDY AREA 

The details of location of the study area, general features of different agro-climatic 

zones in Gujarat statc and soil information are briefly presented in following subsections: 

3.1.1 Location of the Study Area 

The state of Gujarat is situated in westem part of the country lies between 20.10° to 

24.70° N latitude and 68.40° to 74.40° E longitudes. It is flanked by the Arabian sea on the 

West and South-West with a coast line of nearly 1290 km, Pakistan in the North of the Rann 

of Kachchh, Rajasthan in the North, Madhya Pradesh in the North-East and Maharashtra in 

the South and South-East. The state with an area of 19.6 mha, representing 5.96 per cent of 

the total geographic area of the country, is the seventh largest state oflndia. 

The area selected for the study covers all the eight agro-climatic zones of Gujarat 

state. Sixteen meteorological stations located in different agro-climatic zones of the state were 

selected for the study (Table 3.1). These stations are well distributed to represent all the agro­

climatic zoncs ofthe state (Fig. 3.1). 

Table 3.1 Location of stations under different agro-climatic zones of Gujarat 

S. 
Agro-climatic zone Station 

Latitude, Longitude, Altitude, 
No. aN °E m 

1 
South Gujarat (I) Gandevi 20.80ll 73.00[J 7.60 
(Heavy rainfall) Navsari 20.93u 72.90u 10.00 

2 South Gujarat (II) 
Surat 21.20u 72.83u 11.50 
Bharuch 21.6811 73.001l 16.50 

3 Middle Gujarat (III) Anand 22.5811 72.97u 45.10 
Nawagam 22.72u 72.55u 32.40 

4 North Gujarat (IV) 
Khedbrahma 24.051.1 73.00lJ 21S .39 
S.KNagar 24.321) 72.3211 154.52 

5 North-West Gujarat (V) 
Radhanpur 23.8211 71.55" 26.50 
Kothara 23.16" 68.93 11 20.00 

6 NOlth Saurashtra (VI) 
Rajkot 22.28' 70.80u 137.7 
Amreli 21.60tJ 71.20" 130.00 

7 South Saurashtra (VII) 
Junagadh 21.si.l 70.50u 61.00 
Mahuva 21.0Su 71.80 ll 7.00 

S Bhal and Coastal (VIII) 
Dhandhuka 22.401) 71.981) 37.50 
Arnej 22.631.1 72.32<.1 31.80 
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The annual normal rainfall in different parts of Gujarat varies between 250 mm to 

2000 mm with the coefficient of variation of 30-80%. This indicates that there is a large 

spatial and temporal variation in rainfall amount in the state. The low rainfall areas « 500 

mm) are comprised of Kutchh, westem half of Jamnagar and Banaskantha, central and 

nOlihem parts of Surendranagar and western parts of Patan districts. These areas are 

characterized by hot arid climate. The high rainfall (> 1000 mm) is received in Dang, Val sad, 

Navsari, Surat, Narmada and eastem parts ofVadodara and Bharuch and south eastem part of 

Panchmahal districts. These areas are characterized as dry sub humid climate. Rest parts of 

the state receive rainfall between 500-1000 mm. Most of these areas fall under semi arid 

climate. Although the annual rainfall in the state increases in the south-east direction, there 

are large number of places where spot variation in rainfall, e.g. high rainfall at and arollnd 

Gimar, Modasa, lambughoda and Dediapada, etc. is observed (Anonymous, 2000). 

3.1.2 Agro-climatic Zones of Gujarat 

Based on rainfall distribution, soil characteristic, cropping pattem and other physical 

characteristics, Gujarat is divided into eight agro-climatic zones (FigJ.l). The characteristic 

features of these zones arc briefly described as under: 

3.1.2.1 South Gujarat (Heavy rainfall) zone 

The zone includes districts of Dangs, Valsad, Navsari and South part of Surat. The 

average annual rainfall is more than 1500 mm. The mean daily highest maximum and lowest 

minimum temperatures are around 37.0oC in May and 11.0oC in January, respectively. Deep 

black with few patches of coastal alluvial, lateritic and medium black soils of Inceptisols and 

Entisol orders are predominant in the zone. Most of the mid land flood plains are under 

cultivation. Some area under hill slope up to 3.5 percent is non cultivated under fallow and 

pasture forest. The South-East part is mostly covered by deciduous to semi deciduous forests. 

Paddy, cotton, sorghum, sugarcane, vegetables and horticultural crops are under cultivation in 

the zone. 

3.1.2.2 South Gujarat zone 

The zone comprises districts of Bharuch, Nammda and North part of Surat. The 

average annual rainfall varies between 1000 to 1500 mm. The mean daily highest maximum 

and lowest minimulll temperatures are around 38.0oC in May and l3.0oC in January, 

respectively. The predominant types of soils are deep black clayey soils of Inceptisols, 

Vertisols and Entisols orders. Most of the mid land flood plains are under cultivation. Some 

area under hill slope up to 3.5 percent is non-cultivated under fallow and pasture forest. 

Cotton, sorghum, wheat, sugarcane, pigeon-pea and horticultural crops are the major 

cultivation in the zone. 
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3.1.2.3 Middle Gujarat zone 

The zone covers Vadodara, Anand, Kheda, Dahod and Panchmahals districts. The 

average annual rainfall range from 800 to 1000 mm. The mean daily highest maximum and 

lowest minimum temperatures are around 40.0oC in May and 11.50C in January, respectively. 

The predominant types of soil are deep black and medium black to loamy sand of Inceptisols 

and Entisols orders. Most of the mid land flood plains are under cultivation. Some area under 

hill slope up to 3.5 percent is non~cultivated under fallow and pasture forest. Principal crops 

of thc zone are cotton, tobacco, pulses, pearl-millet, sorghulll, wheat, maize, sugarcane, 

pigeon-pea, paddy and horticultural species, 

3.1.2.4 North Gujarat zone 

The zone covers Gandhinagar, Mehsana, Sabarkantha, North part of Ahmedabad and 

East part of Banaskantha and Pata.n districts. The average annual rainfall of the zone ranges 

between 625 to 875 mm. The mean daily highest maximum and lowest minimum 

temperatures are around 40.0oC in May and 10,SoC in January, respectively. The soils are 

deep sandy loam to loam of Inceptisols, Entisols and Aridsois order. The general topography 

is plain and most of the area is under cultivation. The principal crops of the zone are pearl~ 

millet, pulses, cotton, tobacco, wheat, sorghum, groundnut, oil-seeds, spices and condiments, 

vegetables and horticultural species. 

3.1.2.5 North West Gujarat zone 

The zone includes Kutchh, West part of Banaskantha and Patan, North part of 

Surendranagar and Rajkot and North-West Ahmedabad districts, The rainfall ranges from 250 

to 500 111111 annually. The mean daily highest maximum and lowest minimum temperatures 

are around 3S.0oC to 43,OoC in May and I2,OoC in January, respectively. Predominantly the 

soils of this zone are sandy and saline of Aridsols and Inceptisols orders. The principal crops 

grown are cotton, sorghum, grollndnllt, pearl millet and wheat. 

3.1.2.6 North Saurashtra zone 

The zone comprises Amrcli, Jamnagar, major part of Raj kat, West part of 

Surendrallagar and North part of Bhavnagar districts, The average annual rainfall of the zone 

ranges between 400 to 700 mm. The mean daily highest maximum and lowest minimum 

temperatures are around 40.0oC in May and 12,OoC in January, respectively, The soils arc 

moderately deep to deep, medium black clay loam to clay and of Inceptisols and Entisols 

orders. The general topography is rolling with slope between I to 3 per cent. Groundnut, 

cotton, pearl millet, sorghum, oil seeds and wheat are the important crops of the zone. 

3.1.2.7 South Saurashtra zone 

The zone covers Junagadh, Porbandar, South part of Rajkot and coastal area of 
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Amreli and Bhavnagar districts. The average annual rainfall of the zone ranges between 625 

to 750 mm. The mean daily highest maximum and lowest minimum temperatures are around 

36.0oC in May and 12.0oC in January, respectively. The soils are moderate to deep, medium 

black and calcareous and of Inceptisols and Entisols orders. Groundnut, cotton, pulses pearl 

millet, sorghum, oil seeds, sugarcane, wheat and horticultural cultivation are important in the 

zone. 

3.1.2.8 Bhal and Coastal zone 

The zone includes parts of districts of Ahmedabad, Bhavnagar and Bhamch around 

the gulf of Khambhat. The average annual rainfall of the zone ranges between 625 to 1000 

mm. The mean daily highest maximum and lowest minimum temperatures are around 39.0oC 

in May and 12.0oC in January, respectively. The soils are medium black, poorly drained and 

saline and medium to heavy in texture. A strip of about 2 km area is under coastal saline and 

rest of the area is under dry land cultivation. The major crops grown are groundnut, cotton, 

sorghum, pulses, pearl millet and dry wheat. 

3.1.3 Soils of the Study Area 

The soils of Gujarat can broadly be classified into nine groups. These are: (i) black 

soils, (ii) mixed red and black soils,(iii) residual sandy soils,(iv) alluvial soils,(v) saline-alkali 

soils,(vi) desert soils,(vii) lateritic soils,(viii) hilly soils and (ix)forest soils. Typical soil 

physical properties for the selected stations are presented in Table 3.2. 

Table 3.2 Physical properties of soils of the study area 

Station Type of soils Texture 
Depth, Average 

cm AWC,111lll 
Gandevi Deep black cotton Clay >100 200.0 
Navsari Deep black cotton Clay >100 150.0 
Surat Deep black cotton Clay >100 200.0 
Bhamch Deep black cotton Clay >100 200.0 
Anand Alluvial Sandy clay loam to 

>100 200.0 
clay loam 

Nawagam Alluvial Sandy loam to 
>100 150.0 

sandy clay loam 
Khedbrahma Medium black cotton Silty loam to clay loam 25-50 125.0 
S.K.Nagar Alluvial Sandy to sandy loam >100 100.0 
Radhanpur Desert Sandy to sandy loam 50-100 100.0 
Kothara Desert Sandy to sandy loam 25-50 100.0 
Rajkot Medium black cotton Clay loam to clay 50·100 150.0 
Amreli Medium black cotton Clay loam to clay 50-100 100.0 
Junagadh Medium black cotton Clay loam to clay >100 150.0 
Mahuva Medium black cotton Clay loam to clay >100 150.0 
Dhandhuka Medium black cotton Clay loam >100 200.0 
Amej Medium black cotton Clay loam to loam >100 200.0 
Source: Anonymous, 2000 
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3.2 COLLECTION OF METEOROLOGICAL DATA 

In order to carry out the study, weekly meteorological data viz. maximum and 

minimum temperatures, relative humidity during morning and afternoon hours, bright 

sunshine duration, wind speed and precipitation for a period of 22 to 30 years (1974-2003) 

were collected from the Meteorological Observatories of the respective Agricultural 

Research Stations CARS) of the Agricultural Universities in the state. The information on 

other parameters like geographic locations viz. latitude, longitude and altitude of respective 

stations are also presented in Table 3. I. 

3.3 DETERMINATION OF ONSET AND WITHDRAWAL OF RAINY SEASON 

Onset and withdrawal of rainy season was computed from weekly rainfall data using 

Morris and Zandestra (1979) method of fOlward and backward accumulation, respectively. 

In this method weekly rainfall can be summed by forward accumulation 

(20+21+ ... +52 weeks) until a certain amount of rainfall is accumulated. Seventy five mm of 

accumulation rainfall has been considered as the onset time for the growing season for dry 

seeded crops and land preparation (Rath et al., 1996; Babu and Lakshminarayana, 1997; 

Panigrahi and Panda, 2002). 

The withdrawal of rainy season was determined by backward accumulation of rainfall 

(48+47+46+ ... +30 weeks) data. Thirty mm of accumulation of rainfall was chosen for the end 

of rainy season, which may be sufficient for ploughing of fields after harvesting of crops 

(Babu and Lakshminarayana, 1997). 

If for a longer period (at least 25 years) the weekly rainfall is summed forward and 

backward from the peak of dry season, until the celiain amount calculated, then the 

probability of given amount of rainfall can be obtained for each time interval chosen 

(Dash alld Senapati, 1992). Years with respective weeks of onset and withdrawal of rainy 

season were assigned with the rank number. The percent probability (P) of each rank was 

calculated by the following Weibull's formula: 

m 
P=--x100 

N +1 

where, III is the rank number and N is the number of years 

". (3.1) 

For forward accumulation, the rank order and probability level were arranged in 

ascending order and the corresponding week numbers were arranged in the same manner. 

Similarly for backward accumulation the rank order and the probability level were arranged in 

descending order and the corresponding week numbers were arranged in the same way. 
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3.4 ESTIMATION OF RAINFALL PROBABILITY BY MARKOV-CHAIN 
PROCESS 

The success or failure of crops paIticularly under rainfed conditions is closely linked 

with the rainfall pattems. Simple criteria related to sequential phenomenon like dry and wet 

spell was used for analysing rainfall data to obtain specific information needed for crop 

planning aIId for carrying out agricultural operations. It is useful to ascertain the probability of 

sequential events like a wet week following another wet week or a dry week following a wet 

or dry week during the crop growing season. This is the basis for the analysis of rainfall using 

Markov-Chain process. 

Rainfall of 20 nl111 per week is adequate for all the growth stages of all the crops 

grown. Thus, if in a given week the rainfall received is less than 20 lnm that week can be 

designated as a dry week aIId vice versa (PaIIdharinath, 1991). On the basis of this criterion 

each week was categorised as a dry week and wet week and respective probabilities were 

calculated as follows: 

(i) Initial pro babiJity: 

and 

where, 

( ) 
F(Wj) 

PW =-­
J N 

P (Wi) = initial probability offh week being wet 

P (Dj) = initial probability offh week being dry 

F (Wj) = frequency of occurrence offh week being wet 

F (Dj) = frequency of occurrence of /h week being dry 

N = number of years of data used 

(ji) Conditional probability: 

and 

where, 

F(D I D j) 
P(D/D .)=---~ 

J FeD j) 

... (3.2) 

... (3.3) 

... (3.4) 

... (3.5) 

P (WlWj ) ;:; probability of wet weeks preceded by another wet week injth week 

P (DlDj ) = probability of dry weeks preceded by aIIother dry week in?h week 

F (W !Wj ) ::;: frequency of wet weeks preceded by another wet week in jth week 

F (D/D j ) = frequency of dry weeks preceded by another dry week in jth week 
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(iii) Two consecutive dry and wet week probability: 

P\2Wj)=P(Wj)x P(W / Wj+l) 

and 
pl2D j )::: P(D j) x P(D / D j+ 1) 

where, 

P (2Wj ) = probability of2 consecutive wet weeks in jlh week 

P (2Dj ) = probability of 2 consecutive dry weeks in /' week 

... (3.6) 

... (3.7) 

3.5 COMPUTATION OF DIFFERENT ELEMENTS OF WATER BALANCE 
EQUATION 

The water balance is a detailed statement of the law of conservation of mass, which 

states that matter can neither be created nor be destroyed but can only be changed from one 

state or location to another. If above statement is applied to the hydrologic equations, it states 

that in a specified period of time, all water entering a specified area must either go into 

storage within its boundaries, be consumed there in, be exported there from or flow out either 

on the surface or underground. So for its computation, procedure introduced by Thornthwaite 

and Mather, (1955, 1957) was used. 

Water Supply 

AET=ETo 
Def=O 

Rainfall 

No leaching 
= 

Soils at F.e. 

Water Need 

ETo 

Aridity Index 

Fig. 3.2 A generalized flow diagram of the climatic water balance 
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Thornthwaite and Mather (1955) suggested the use of potential evapotranspiration 

(PET) value for computation of soil water balance. Because of ambiguities in the 

interpretation of potential evapotranspiration, the term reference evapotranspiration (ETa) is 

used throughout the world (Allen et ai, 1998). Therefore, the original equation of 

Thornthwaite and Mather (1955) was modified by using ETo in place of PET. The central 

concept of soil water balance is shown in Figure 3.2. Procedure for computation of different 

water balance elements is given below. 

3.5.1 Available Water Holding Capacity of Soil (AWC) 

Available water (A W) is the soil moisture between field capacity and permanent 

wilting point. Field capacity (FC) is the amount of water that the soil holds against drainage 

by gravity (at 1/3 bar). Permanent wilting point (PWP) is the moisture content in a soil when 

plants pennanently wilt and will not recover (at 15 bar). The information for the selected 

stations was used from Natural Resources of Gujarat (Anonymous, 2000) 

3.5.2 Reference Evapotranspiration (ETo) 

Reference evapotranspiration (ET 0) is the rate of evapotranspiration from a 

hypothetical reference with assumed crop height at 0.12 m, a fixed surface resistance of 

77 sec per meter and albedo of 0.23 closely resembling the evapotranspiration from an 

extensive surface of green grass of uniform height, actively growing, completely shading the 

ground, and that with adequate water (Allen et a!., 1998). According to this definition 

reference evapotranspiration (ETa) was computed lIsing Penman·Montheith equation as pCI' 

the procedure given by Allen et aI., (1998). 

where, 

900 
0.408 6 (R - G) + y ----- U (e - e ) 

II T + 273 2 0 d 
ET 0 = ----------"--'----"'-'--"'-------

6 + Y (I + 0.34 U 2 ) 

ETa = reference evapotranspiration (mm/day) 

Rn = net radiation (MJ/m2day) =Rns·Rnl 

Rns ::::: net short wave radiation (MJ/m2day) 

Rnl = net long wave radiation (MJ/m2day) 

6 = slope of the saturation vapour pressure function (kPa I 0 C) 

G = soil heat flux (MJm-2day) 

y ::::: psychrometric constant (kPa / 0c) 

T ::::: mean daily temperature (0C) 

en ::::: saturation vapour pressure at temperature T (kPa) 

ed = saturation vapour pressure at dew point (kPa) 

U2 = average daily wind speed at 2 m height (m./s) 
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3.5.3 Weekly Moisture Excess and Deficit (P-ETo) 

Difference between rainfall (P) and reference evapotranspiration gives weekly 

moisture excess and deficit. A negative value of this difference indicates moisture deficit, 

which means the amount by which the rainfall fails to supply the potential water need of area. 

While positive difference is moisture excess, which is the amount of excess water available 

for soil moisture replenishment and also for a runoff. 

3.5.4 Accumulated Potential Water Loss and Gain [Ace (P-ETo)] 

Values of (P-ETo) are summed up week by week as an aid in the computational steps 

that follow, which are designated as Acc (P-ETo). 

3.5.5 Storage (STOR) 

In order to carry out the calculation of soil moisture storage, it is necessary to know 

from where one should begin. According to Thornthwaite and Mather (1957), the starting 

value of soil moisture content can only be obtained by assuming value of soil moisture 

storage equal to the moisture holding capacity after the period of rain ceases during the wet 

season of the year. 

As the soil dries, the rate of evapotranspiration decreases. According to Thornthwaite 

and Mather (1957), the release of moisture is an exponential function. Considering the above 

principle, following formula was used for computing the soil moisture storage at the end of 

each week: 

STO R = A we x e ( ACC(;IV~,E7i')) 
... (3.9) 

where, 

STOR = actual storage of soil moisture, mm 

A WC = available water holding capacity of soil, mm 

P = rainfall, mm 

ET 0 = reference evapotranspiration, mm 

3.5.6 Change in Storage (dSTOR) 

The positive changes in soil storage are termed as soil moisture recharge. 

The negative changes are termed as soil moisture utilisation, when the value in storage is 

above the water holding capacity; it is assumed that there is no change in soil storage. 

3.5.7 Actual Evapotranspiration (AET) 

The actual evapotranspiration (AET) is considered to take place at the potential rate, 

when precipitation exceeds the reference evapotranspiration during particular week and also 

when moisture in the soil is near field capacity. However, after the soil moisture was depleted 
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to a point where the ability of the soil to transmit the moisture was reduced, the actual rate of 

evapotranspiration was sharply reduced. Therefore, weekly actual evapotranspiration was 

calculated from the following equations: 

(a) When P > ETo 

AET=ETo ... (3.10) 

(b) When P < ETa 

AET :0:: P + abs(~STOR) ... (3.11) 

From Equations (3.10 and 3.11) it is clear that when precipitation is less than ETo, 

then AET is equal to precipitation plus absolute value of change in the soil moisture storage 

than previous week. 

3.5.8 Water Deficit (DEF) 

The amount by which the actual evapotranspiration (AET) and reference 

evapotranspiration differ in any week is the water deficit (DEF). Water deficit only exists 

when (P-ETo) is negative and is calculated by the following equation: 

DEF == ETo - AET ... (3.12) 

3.5.9 Water Surplus (SUR) 

The water SUl})lus is the amount of positive (P-ETo) which remains in excess after 

recharging the soil to the field capacity by the tollowing equation: 

SUR == P - AET ... (3.13) 

3.5.10 Climatological Indices 

On the basis of above parameters climatological indices such as humidity index (Ill), 

aridity index (In), moisture index (1m) and moisture adequacy index (Imn) were computed by 

using the following expressions (Thornthwaite and Mather, 1955 and 1957): 

SUR 
II =--xlOO 

I ET 
o 

r = DEF x 100 
a ETo' 

I = AET xlOO 
lllU ET 

o 

... (3.14) 

... (3.15) 

... (3.16) 

... (3.17) 
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3.6 DETERMINATION OF CLIMATIC SHIFT 

Based on moisture index, the type of climate of the study area was determined by the 

following scheme of Subramanyam and Sastri (1969): 

Moisture Tvpe of climate 
> 100 A - Per humid 

80 - 100 B4 - Humid 
60 - 80 B3 - Humid 
40 - 60 B2 - Humid 
20 - 40 Bl - Humid 
0-20 C2 - Moist sub humid --

-33.3 - 0 C 1 - Drv sub humid 
-66.7 - -33.3 D - Semi-arid 
-100 - -66.7 E - Arid 

3.7 EVALUATION OF DROUGHT 

Drought was evaluated in terms of drought intensity. For this study following scheme 

proposed by Subramanyam and Sastri (1969) was used: 

Departure of aridity index 
Drought intensity 

from the normal 
<0 Normal 

0-0.50' Moderate 
0.50'-0' Large 

0' - 20' Severe 
> 20' Disastrous 

where, 
0' = the standard deviation of yearly aridity index 

3.8 ASSESSMENT OF DURATION AND SEVERITY OF DROUGHT 

The cumulative deviation technique of Foley (1957) was used to assess duration and 

severity of drought in selected agro-climatic zones. In this technique instead of rainfall values, 

water deficiency deviations have been used in preparing the cumulative deviation CU1ves 

similar to the residual mass graph. Departures of weekly water deficiency from the 

cumulative normal were taken and expressed as ratios of the normal water need in units of 

hundreds. These units were cumulated from an arbitrary origin and plotted against successive 

weeks. The steepest portion of rise in the mass curve then indicates the core period of drought 

and the gradient, therefore, gives the drought severity index (OS I) during that period. Based 

on the DSI the droughts were categorized for all the stations by using following criteria 

(Subranlanyam and Sastri, 1971; Malan!, 1981 and Ram Mohan, 1984): 

Drought Severity Index Category 
0-10 Moderate 
10 - 20 Large 
20 - 40 Severe 
> 40 Disastrous 
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3.9 FREQUENCY DISTRIBUTION OF WATER DEFICIT 

Frequency distribution analysis of largest water deficit during monsoon season was 

carried out for the selected si}"ieen stations from eight agro-climatic zones of Gujarat. The 

study was based on largest weekly water deficit data to understand the distribution pattem of 

extreme value at the selected stations reprcsel1ting the region and thereby making possible 

selection of the required water deficit rate for various retum periods that may be used in the 

planning and design of water resources development projects for drought prone areas. 

Before undertaking frequency analysis, the adequacy of length of record was 

determined using the following equation given by Mockus (1960): 

Y = (4.30 t 10glOR) Z + 6.0 ... (3.18) 

where, 

Y = minimum acceptable years of record 

t = student's statistical value at the 95% level of significance \vith (Y-6) degree of 

freedom 

R = ratio of magnitude of the 100 years event to the 2 years event 

3.9.1 Method of Frequency Analysis 

Frequencies of extreme weekly water deficit have been evaluated by fitting the data 

to the extreme value frequency distribution functions. Three most commonly used extreme 

probability nmctions viz. a) Gumbel for maxima, b) Weibull for maxima, and c) log Pearson 

type-III were selected and the distribution that best fitted the data have been used for 

determining the extreme values at different retum periods (probabilities). 

3.9.1.1 Gumbel distribution 

The density function of Gumbel (extreme value type-I) for maxima distribution to fit 

an observed data can be expressed as: 

where, 

f (x) = 
e 

x = variate of the sample 

P = scale parameter 

y = location parameter 

- e e 

[3 

." (3.19) 
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3.9.1.2 Weibull (maxima) distribution 

The density function of Wei bull (extreme value type~III) for maxima distribution to 

fit an observed data can be expressed as: 

where, 

(
y-x )a: 

!(X)=?-_(y_X)a-l e - -B-
B [3 

a == shape parameter 

p == scale parameter 

y == location parameter 

X == variable of the sample 

3.9.1.3 Log Pearson type-III distribution 

where, 

The density fimction of log Pearson type-III distribution is given by: 

y 

!CX)=~~- 11" -y ~ "B-l(l v )a:-1 
BfCa:) [3 

a == shape parameter 

p == scale parameter 

y == location parameter 

X == variate of the sample 

3.9.2 Test for Goodness of Fit of Probability Distributions 

... (3.20) 

.. , (3.21) 

Of the selected three probability distribution methods of fitting to a data, the best 

fitting probability density function was selected based on goodness of fit test procedure. A 

lll.unber of statistical tests are available for testing the best fit distribution. In this study, chi­

square test was selected among the most commonly usefill procedures for testing goodness of 

fit test. The test statistic (X2
) has been estimated from the expression: 

where, 

k == number of years 

OJ == observed values in ith year 

Ei ::::: expected value in ith year 

'" (3.22) 

The water deficit data occurrences at 1,2, 5, 10, 20, 50 per cent levels were worked 

out. The data were analysed by a computer~based routine VTFIT package for fitting 

probability distribution fUllction that also provides goodness of fit tests. 
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3.10 ESTIMATION OF WATER DEFICIT BY ARTIFICIAL NEURAL NETWORKS 

Artificial neural networks (ANN) are effective tools to model nonlinear systems. 

Water deficit is a complex process associated with non~linear model and therefore, can be 

modeled through ANN. The methodology adopted in respect of estimating water deficit 

through artificial neural networks is described under following heads. 

3.10.1 Artificial Neural Network Process 

An ANN is a massively paral1el~distributed information system that has certain 

performance characteristics resemb ling to biological neural networks of the human brain. It is 

capable of representing arbitrarily complex non-linear processes that relate the inputs and 

outputs of any system. The fundamental processing element of a neural network is a neuron. 

This building block of human awareness encompasses a few general capabilities. Basically, a 

biological neuron receives inputs from other sources, combines them in some way, perfonns a 

generally nonlinear operation on the result and then outputs the final result. Figure 3.3 shows 

the relationship of these four parts. 

4 parts of a typical 
~ nerve cell 

.~ Dendrites: Accept input 

Soma: Proccss the input 

Axon: Tum the processed inputs 
into outputs 

Synapses: The electrochemical 
contact between neurons 

Fig. 3.3 Parts of a simple neuron 

ANN performs a particular fimction by adjusting the values of connections (weights) 

between elements. COll1monly neural networks are adjusted or trained, so that a particular 

input leads to a specific target output. The network adjusts the weights based on a comparison 

of the output and the target, until the network output matches the target. The network finishes 

its leaming process if a minimum prediction error reaches. Such a situati()n is shown in 

Figure 3.4. 

The obtained network thus will have best capability for the given problems specially 

the non~hnear and dynnmlc system being sll11uJated with an approximate range of accuracy. 

Basically, all artificial neural networks have a similar stmcture or topology as shown in 

Figure 3.5. 
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Input 

Neural Network 
including connecti ~ns 
(called weights) 
between neurons 

Adjust 
weights 

Target 

Output 

Fig. 3.4 A basic artificial neuron 

INPur 
LAYER 

HIDDEN LAYER 
J (TJlcre lIlay bd several 

hidden layers) 

OUTPUT 
LAYER 

Fig. 3.5 A simple neuron networl{ diagram 

Most applications require networks that contain at least the three normal types of 

layers - input, hidden and output. The layer of input neurons receives the data either from 

input or output files. Between the input and output layers there can be many hidden layers. 

These internal layers contain many of the neurons in various interconnected structures. The 

inputs ,Uld outputs of each of these hidden neurons simply go to other neurons. The number of 

hidden layers, the number of input and output nodes and the number of nodes in the hidden 

layer depend on the problem. There are no fixed rnles as to how many nodes should be 

included in the hidden layer. They are usually decided by the trial and error method. 

However, if there are too few nodes in the hidden layer the network may have difficulty in 

generalizing the problem it has never encountered before. On the other ha.nd if there are too 

many nodes in the hidden layer the network may take an acceptably long time to learn 

anything of any value. 
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3.10.2 Architecture 

Neuron with a scalar input and with and vvithotlt biases is shown in Figure 3.6. On the 

left of the figure, the scalar input p is transmitted through a connection that multiplies its 

strength by the scalar weight w, to fonn the product wp, again a scalar. Here the weighted 

input wp is the only argument of the transfer function .I; which produces the scalar output a. 

The neuron on the light of the figure has a scalar bias, b. It can be viewed that the bias as 

simply being added to the product wp as shown by the summing junction or as shifting the 

function fto the left by an amount b. The bias is much like a weight, except that it has a 

constant input of 1. The transfer fimction net input n, again a scalar, is the sum of the 

weighted input wp and the bias b. This sum is the argument of the transfer functionf Herefis 

a transfer function, typically a step function or a sigmoid function, which takes the argument 

n and produces the output a. Where wand b are both ar;(justable scalar parameters of the 

neuron. The central idea of neural networks is that such parameters can be adjusted so that the 

network exhibits some desired or interesting behavior. Thus, we can train the network to do a 

particular job by adjusting the weight or bias paranlCters, or perhaps the network itself wi1l 

adjust these parameters to achieve some desired end. 

Input Neuron without bias Input Neuron with bias 

~r "" r-"\ I , 

p 

\..___) \._----} \....__j \. __ 1 ___ ) 

a == /(wp) a =f(~.,p+b) 

Fig. 3.6 A Neuron with single scalar input 

3.10.3 Training 

Once the network weights and biases have been initialized, the network is ready for 

training. The network can be trained for function approximation (nonlinear regression), 

pattern association or pattem classification. The training process requires a set of examples of 

proper network behavior - network inputs p and target outputs t. During training the weights 

and biases of the network are iteratively adjusted to minimize the network perfonnance 

function. In training, both the inputs and the outputs are provided. The network then processes 

the inputs and compares its resulting outputs against the desired outputs. Errors are then 

propagated back through the system, causing the system to adjust the weights that control the 

network. 
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3.10.4 Back Propagation Algorithm 

Back propagation leaming updates the network weights and biases in the direction in 

which the performance function decreases 1110st rapidly - the negative of the gradient. One 

iteration of this algorithm can be written as: 

.... (3.23) 

where, Xk is a vector of current weights and biases, gk is the current gradient, and ctk 

is the leaming rate. 

3.10.5 Fastel" Training 

There are several high performance algorithms that can converge from ten to one 

hundred times faster than the earlier discussed algorithm. These faster algorithms fall into two 

main categories. The first category uses heuristic techniques, which were developed from an 

analysis of the performance of the standard steepest descent algorithm. Tins section discusses 

a heuristic technique: resilient back propagation trclinrp, suitable for such studies. The second 

category of fast algorithms uses standard numerical optimization techniques. 

3.10.5.1 Resilient back propagation (trainrp) 

Multilayer networks typically nse sigmoid transfer functions in the hidden layers. 

These functions are often called "squashing" functions, since they compress an infinite input 

range into a finite output range. Sigmoid fUllctions are characterized by the fact that their 

slope must approach zero, as the input gets large. TIns causes a problem when using steepest 

descent to train a multilayer network with sigmoid functions, since the gradient can have a 

very small magtntude; and therefore, cause small changes in the weights and biases, even 

though the weights and biases are tar from their optimal values. The purpose of the resilient 

back propagation training algorithm is to eliminatc these hamlful effects of the magnitudes of 

the partial derivatives. Only the sign of the derivative is used to determine the direction of the 

weight update; the magnitude of the derivative has no effect on the weight update. The size of 

the weight change is determined by a separate update value. 

3.10.6 Improving Generalization 

One of the problems that occur during neural network training is called over-fitting. 

The error on the training set is driven to a very small value, but when new data is presented to 

the network the error is large. The network has memorized the training examples, but it has 

not learned to generalize to new situations. One method for improving network generalization 

is to use a network that is just large enough to provide a.n adequate fit. TIle larger a network is 

used, the more complex the functions the network can create. If a small enough network is 

used it will not have enough power to over-fit the data. If the number of parameters in the 
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network is much smaller than the total number of points in the training set, then there is little 

or no chance of over-fitting. There are two methods for improving generalization that are 

'regularization' and 'early stopping'. 

3.10.6.1 Regularization 

The first method for improving generalization is called regularization. This involves 

modifying the perfonnance function, which is normally chosen to be the sum of squares of 

the network errors all the training set. 

3.10.6.2 Early stopping 

Another method for improving generalization is called early stopping. In this 

technique the available data is divided into three subsets. The first subset is the training set, 

which is used for computing the gradient and updating the network weights and biases. TIle 

second subset is the validation set. The error on the validation set is monitored during the 

training process. The validation error will normally decrease during the initial phase of 

training, as does the training set error. However, when the network begins to over fit the data, 

the error on the validation set will typically begin to rise. When the validation error increases 

for a specified number of iterations, the training is stopped, and the weights and biases at the 

minimum of the validation error are returned. The test set error is not used during the training, 

but it is used to compare different models. It is also useful to plot the test set error during the 

training process. If the error in the test set reaches a minimum at a significantly different 

iteration number than the validation set error, this may indicate a poor division of the data set. 

With early stopping, the choice of the data set is also important. The validation set should be 

true representative of all points in the training set. 

3.10.7 Preprocessing and Postprocessing 

Neural network training can be made more efficient if certain preprocessing and 

postprocessing steps are performed on the network inputs and targets. In this section, a few 

important preprocessing routines are discussed. 

3.10.7.1 Mean an d standard deviation (prestd, paststd, tl'astd) 

Before training, it is an approach for scaling network inputs and targets to nonnalize 

the mean and standard deviation of the training set. This procedure is implemented in the 

function prestd. It normalizes the inputs and targets so that they will have zero mean and unity 

standard deviation. The following code illustrates the use of pre std. 

[pn, meanp, stdp, tn, meant, stdt] = prestd (p, t); .. .. (3.24) 

48 



The original network inputs and targets are given in the matrices p and t. The 

normalized inputs and targets, pn and tn, that are returned will have zero means and unity 

standard deviation. The vectors meanp and stdp contain the mean and standard deviations of 

the original inputs, and the vectors meant and stdt contain the means and standard deviations 

of the original targets. If prestd is used to scale both the inputs and targets, then the output of 

the network is trained to produce outputs with zero mean and unity standard deviation. To 

convert these outputs back into the same units that were used for the original targets, then the 

routine poststd is used. 

3.10.7.2 Principal component analysis 

In some situations, the dimension of the input vector is large, but the components of 

the vectors are highly correlated (redundant). It is lIsefh] in this situation to reduce the 

dimension of the input vectors. An effective procedure for performing this operation is 

principal component analysis. This technique has three effects: it orthogonalizes the 

components of the input vectors (so that they are uncorrelated with each other); it orders the 

resulting orthogonal components (principal components) so that those with the largest 

variation come first; and it eliminates those components that contribute the least to the 

variation in the data set. 

3.10.7.3 Post training analysis (postreg): 

The performance of a trained network can be measured to some extent by the errors 

on the training, validation and test sets, but it is often useful to investigate the network 

response in more detail. One option is to perform a regression analysis between the network 

response and the corresponding targets. The routine postreg is designed to perform this 

analysis. 

3.10.8 Adoption of Artificial Neural NetwOI'ks Methodology 

In order to estimate water deficit from various climatological parameters, i.e. 

maximum and minimum temperatures, maxImum and minimum relative humidity, wind 

speed, bright sunshine hours and rainfall, the mean weekly data for 52 weeks, till the year 

2002, for different stations under the study were used. The data set after loading into the 

workspace, were transformed and nonllalized and then principal component analysis was 

carried out. The principal components, which accounted for 99.95% of the variation in the 

data set were retained. The data, after inspection of the size of the transformed data, were 

divided into training, validation and test subsets. For this purpose the sets were picked up as 

equally spaced points through out the data. Hence, every first set was used for testing and 

every fourth set was used for validation. However, every second, third, fifth, sixth and 
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seventh set were used for training. So, in all testing and validation subset included seven sets 

each while training subset included thirty eight sets. 

In order to traill the network single hidden layer network with tan-sigmoid transfer 

function in the input layer, sigmoid function in the hidden layer and a linear transfer function 

in the output layer was used, as this is the useful structure for function approximation ( or 

regression) problems. The network was trained for 5000 epochs and with goal for mean 

squared error of 0.0001. The number of neurons in the input and output layers were fixed at 

seven and one, respectively. The number of neurons in the input layer corresponded to the 

seven basic input parameters, whereas output layer node corresponded to the water deficit. 

The numbers of neurons in the hidden layer were varied in order to get the minimum mean 

square error (MSE) and high correlation coefficient. The resilient back propagation (trainrp) 

algorithm was used for the training. Training, validation and test set errors were plotted to 

check the progress of the training. The number of iterations when the training stopped and the 

test set error was observed. 

In the next step the network response was analyzed. For this purpose the network 

outputs were un-nonnalized and a linear regression between the network outputs and 

corresponding targets was carried out. Finally, the trained network was tested for predicting 

the water deficit data for the year 2003. The regression analysis was also carried out between 

the observed and ANN predicted water deficit for the year 2003. The analysis was carried out 

using the MATLAB 6.0 software. 

3.11 STOCHASTIC MODELLING OF WATER DEFICIT 

In this study, a time series analysis by an autoregressive modelling approach has been 

used to provide weekly forecasts of water deficit (DEF). Time series analysis is of 

considerable practical use in dealing with any hydrological forecasting. A time series is a 

sequence of observed data arranged in the chronological order of their occurrence in time. 

Weekly water defIcit of the selected sixteen stations, representing different agro­

climatic zones of Gujarat, were used for this study. From the water deficit data of twenty two 

to thirty years (1974-2003), depending upon the availability at the respective station, the data 

upto 2001 were used for model development and the remaining two years data (2002-2003) 

were used in validating the performance of the model. Details of the procedure followed arc 

explained below: 

3.11.1 Statistical Characteristic of Observed Series 

Weekly observed water. deficit time series was first analysed for the following 

statistical parameters: 
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Mean for the series, X 

N 

X -I ~ X" - "NL.,' 1 
;=1 

Variance of the series, (]'2 

N 

cr 2 = N1-1 I (Xi - X) 2 

i;:l 

Standard deviation, (]' 

Coefficient of variation, CV 

Skewness, Cs 

KUliosis, CK 

cv = (j 100 
x 

N eN _- 2) f [Xi - XJ> 
N 1 i=1 a 

... (3.25) 

... (3.26) 

... (3.27) 

... (3.28) 

... (3.29) 

CK={ N(N+I) f(Xi-XY}_ 3(N-lr ... (3.30) 
(N -l)(N - 2)(N - 3) ;=1 CS) (N - 2)(N - 3) 

3.11.2 Time Series Model Development 

The time series of water deficit was decomposed into a deterministic component in 

the form of trend and periodic parameter and a stochastic (random) component consisting of 

chance and chance-dependent e1Tects. Trend is a long smooth movement lasting over a span 

of observations. It may be rising or falling. Periodic component is non-stationary in the mean 

and variance and repetitive over fixed interval of time whereas stochastic component can be 

regarded stationary in the mean and variance and it is constituted by irregular oscillations and 

random effects which cannot be accounted for physically. Mathematically, a discrete time 

series is denoted by Xt, t == I, 2, 3, etc., where Xt are at equidistant time interval and 

decomposed by an additive type. The additive fonn provides a reasonable model in most 

cases and is expressed as: 

... (3.31) 

in which Tt is the trend component; Pt is the periodic component; and St is stochastic 

component having dependent and independent parts, at time t. The first two components in 

the model that described the time series are deterministic in nature. The presence of such 

deterministic components in the structure of the time series renders the series to be non­

stationary. Since the model is applied to stochastic component, which is treated as random 
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variable, the trend and periodic components were tirst removed from the time series. To 

obtain representative stochastic model of the time series, identification and detection of each 

component was necessary. Modelling of the water deficit series through decomposing into 

periodic and stochastic components allows one to develop an improved methodology for 

generation of weekly water deficit series. Each of the model components is, therefore, 

analyzed and determined follo\ving the stepwise procedure. 

3.11.2.1 Trend component, T t 

Steady and regular movements in a time series through which the values are on 

average either increasing or decreasing is termed a trend (Kottegoda, 1980). In order to model 

water deficit time series, a null hypothesis of 110 trend in the series was adopted. For 

detecting the trend in the time series following two statistical tests were performed: 

(i) Turning point test 

(ii) Kendall's rank correlation test 

In this analysis, annual water deficit data have been used for detecting the trend. The 

annual series has been assumed to give better results for the trend component and suppresses 

the effect of periodic components in the series (Kottegoda, 1980), 

Turning point test: In an observed sequence Xi' i = I, 2, .. ., N, where N represents years, a 

tuming point p occurs at time t = i, if Xi is either greater than or less than the two adjacent 

values Xi _] and X i+]. The expected number of tuming points in a random series is 

E(p) = 2(N - 2) and the variance is given by var(p) = (lGN - 29) . Consequently, p can be 
3 90 

expressed as a standard normal deviate, Z = (p - E(p»). The calculated value of Z was 
(var(p))1i 

compared with its table value at P = 0,01 level of significance, viz. ± 2.58 ,When the 

calculated value of Z has been found to exist within the limits, then hypothesis of no trend 

was not rej ected. 

Kendall's rank correlation test: This test, which is also referred to as the t test is based all 

proportionate number of subsequent observations that exceed a particular value. For a 

sequence Xl, X2, .• , , XN, the standard procedure is to determine the number of times p 

occurs in all pairs of observations (Xi, Xj; j>i) that Xj is greater than Xi. For a trend-free 

series, E(p)::::: N(N -1) and the test statistic, t::::: { 4p } -1. It can also be shown that 
4 N(N -1) 

var(t) = 2(2N + 5) and a. standard nonnal deviate, Z 1:]. The calculated value ofZ 
9N(N -1) [var('t)]Yz 

was compared with the table value at P ::::: 0,05 or 0.01 level of significance. When the 
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calculated value of Z has been found to exist within the limits, the null hypothesis of no trend 

in the series was not rejected. 

3.11.2.2 Periodic Component, Pt 

The periodic component in a time series is deterministic in nature having the property 

to repeat itself at regular intervals. The periodicities are attributed to the astronomical cycles 

and consequently to the energy supply from the sun over various areas of the earth. In a time 

series periodicity can be represented through a system of sine and cosine fimctions, after the 

trend component, if present, has been estimated and removed. The procedure used is temlcd 

as hannonic analysis. The existence of PI was first identified by the serial correlogram, i.e., a 

graph of autocorrelation coefficients, rk against lag 1<. 

Autocorrelation ana(vsis: Autocorrelation also called serial correlation, rk, is a very useful 

tool for investigating the structure of a time series with regard to how observations separated 

by a fixed period of time are interrelated, i.e., the degree to which the observations in anyone 

year is dependant upon the magnitude of the observations in the years preceding it; it was 

assumed for simplification that the trend component was removed. It was also used for 

identification of the deterministic and stochastic components in a series. The serial correlation 

coefficient, see (rk) for an observed series was computed using the expression: 

.. , (3.32) 

fk = [N-k 1 [N-k J2]J'{[N-k 1 [N-k }2]}i :?: X; _ -_-. LXi L X;+k _ -_- L Xi+k 
1=1 N k 1=1 1=1 N k 1=1 

The tolerance limits for the correlogram of an independent series was computed as given by 

Anderson (1941): 

r
k 

(95%) = -I ± 1.96~N - k _ 1 
N-k 

... (3.33) 

If rk lies outside the range, then it is evident that rk is significantly different from zero and the 

series are time dependant. Also the oscillating shape of the correlogram verifies the presence 

of PI, with the seasonal period p, at the multitude of which peak of estimation can be made by 

Fourier analysis followed by tests for significant harmonics. The correlogram of the time 

series clearly shows the presence of periodic variation indicating its detection. 

Since a periodic time series PI, usually is 110t stationary, it was then expanded into a 

Fourier series representation expressed as: 

... (3.34) 
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where, 

2 ~ [21tKt J A K '" - LJ X I Cos -_ 
N i~1 P 

2 ~ T • (21t K( J B K '" - LJ X ,S1I1 -_ 
N i~1 P 

K = number of significant harmonics 

t = time interval within the year 

N = number of observation points 

p = base period 

AK and BK = Fourier series coefficients 

When p is even, then 

1 ~ (21tKtJ AM = - LJ X ,Cos --
N i~l P 

... (3.35) 

... (3.36) 

.,' (3.37) 

'" (3.38) 

," (3.39) 

These coefficients were obtained by a least square fit of the data to the Kth hannonics 

components and then a least square approximation can be given by the finite series: 

... (3.40) 

where, 

M is the number of significant harmonics (maximum, p/2). For later use, it was 

more convenient to use the alternate form for P t given as under: 

". (3.41) 

where, 

". (3.42) 

and 

.". (3.43) 

In Equation (3 AI) if M--+ 00, Pt ->Xt then Xl can be represented satisfactory by Equation 

(3.34) only. However, it may not be practical or desirable to allow the condition M--+ co. 

Thus the appropriate approach would be the selection of M, which contains only those 

harmonics, which are significantly contributing towards Xt, With this as the objective, 

following three tests were carried out for determination and selection of the significant 

harmonic coefficients, AK and BK. 
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(i) Analysis of variance 

(ii) Fourier decomposition of mean square 

(iii) Cumulative periodogram 

In general, periodicities can be represented by one or two harmonics in monthly series 

and by four to six harmonics in weekly series. In such case the other harmonics are treated as 

noise and are passed on to stochastic component. 

Test for ana(vsis of variance: If the points r:::: 1, 2, 3, ... , p specify the time span of the 

periodicity, the periodic means, m" estimated from the observed time series Xl, X z, X3, ... , 

Xn are given by: 

1 n 

m~ :::: - L XHI'(i-l) 
n i=l 

... (3.44) 

vvhere n :::: Nip is the number of years of data. To estimate the number and coefficients of the 

significant hannonics, the coefficients a k and f3k were determined from: 

2 ~ . (21tKt) cx K ::::- L_..m
1
Bm -- , 

P T=1 P 
for K:::: 1,2, ... ,p/2-1 ... (3.45) 

... (3.46) 

for K :::: 1, 2, ... , p/2-1 ... (3.47) 

... (3.48) 

These coefficients were tested through the analysis of variance for half the base period in 

order to obtain the F-ratios. In this analysis, null hypothesis was that the variance explained 

by a harmonic I, which is (N/2) ( a k 2+ ~ k 2), where N is the total sample size, is zero. F ratio 

was found out by mean squared values divided by unexplained variance, if the null hypothesis 

is not rejected, the sum of squares is added to the residual sum of squares. If the value of F­

ratio has been found less than the F-distribution table value at P = 0.05 level of significance, 

the corresponding hannonic was selected. 

Fourier decomposition of mean square: The contribution of the individual hannonics, 

towards the mean square, was calculated and the number of hamlOnics that were dominantly 

contributing to mean square were selected as the significant hamlOnics. 

Cumulative periodogram test: A graphicall11ethod was employed for selecting the significant 

harmonics in Fourier series fit of a periodic estimate. The mean squared deviation, MSD, of 

periodic estimate around the mean of the periodic estimate was determined by: 

MSD(u) :::: _!_ t (u~ - U)2 
P 1=1 

... (3.49) 

55 



where, 

MSD(ll) = mean squan.:d deviation 

U 1: = periodic estimate 

II = mean of periodic estimate 

I P 

=-2:: u -,; 
P 1:~1 

Mean square deviation MSD U) of each hannonic j was calculated by the following 

expresSlOn: 

MSD(j) = _!_(A 2 + B2) .i = 1,2, " ., P 2 J J 
... (3.50) 

The cumulative periodogram, Pi was determined by the following equation: 

I 

IMSD(j) 
P =..;_j=_l __ _ 

I MSD(u) 
for i = 1, 2, ... , p ... (3.51) 

A graph was drawn between Pi and number of harmonics for selecting the significant 

hamlonics. The significant halmonics were selected up to the fast increase in Pi and the rest of 

harmonics were rejected. The periodic component was then removed from the time series 

using the harmonic constants. The remainder being random was applied to the stochastic 

component. 

3.11.2.3 Stochastic component, St 

The stochastic component is constituted by various random effects, which cannot be 

estimated exactly. Therefore, a stochastic model of the form of autoregressive model (AR), 

was used for the presentation of the time series. In this model, the current value of the process 

was expressed as a finite, linear aggregate of vahles of the process and a variate that was 

completely random. However, the stochastic component was obtained by subtracting periodic 

component and time dependant structure. Nevertheless, an autoregressive model of order p, 

AR(p) can mathematically be expressed as: 

where, 

St =$P,lSt-] +$P,2St-2 + ... +~p,pSt_p +a t 

Jl 

= L~P.kSt-k +a l 
bl 

$P,k = autoregressive model parameters, k;:: 1, 2, ... , p 

at = independent random number 
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The fitting procedure of the AR (p) model involved three steps, VIZ. model 

identification, parameter estimation and model diagnostic checking, 

Model identification: For selecting the best model and thereby to estimate the parameters of 

the model stmcture residual variance criteria method was used. In this method, residual 

variance, S; (p) was computed from: 

2 1 ( ) Sz(p) == Slfl,ur,uz,"',ct p N -2p-l 
.. , (3,53) 

in which S\I-l, ct r ,ct 2 , .. "ctp ) is known as the residual sum of squares and has been computed 

from: 

... (3.54) 

where, 

N = number of observation points 

uj,ct 2 , ... ,ct p = parameters of the corresponding model 

Co, Cr, Cz, . , . Cp == autocovariallce function at lag p, p = 0, 1,2, ... , p. 

The residual variance values were computed for all estimated lag p. The rule for this criterion 

is to select the model order with minimum value of S; (p) (Kottegoda, 1980). Based on this 

criterion, order of the AR model was identified. 

Parameter estimation: The autoregression parameters of different orders were estimated 

before the proper order for AR terms has been identified. These parameters were estimated by 

the procedure described by Yule-Walker equations. The Yule-Walker estimates of the 

autoregressive parameters were obtained using the serial correlation coefficients, rk. In 

general, the estimates of pth order model has been obtained computing following equations 

recursively. 

~p,p = 1'-1 

1-I: (~P-l.k Xrk ) 

.., (3.55) 

k=1 

and 

~p,k = ~p-l,k -~P'P·~p-l,p-k far k = 1,2, ... , p-l ... (3.56) 

In the estimated parameters, (~P,k)' suffix p and k indicate the order and the number of 

parameters of AR (p) model. 

The sum of the periodic and stochastic component forms the generated value of the 

observed data. The difference was termed as residual, which was tested to check the adequacy 

of the formulated model. The residuals afthe AR(p) model may be computed from: 

p 

at =St - .2:$P,kSt-k ... (3.57) 
k=l 
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3.11.3 Model Diagnostic Checking 

Once the proper order for AR terms has been identified, the selected model was 

validated for its suitability through the diagnostic checking. Serial correlation and sum of 

square analysis were used as a tool for diagnostic checking. 

3.11.3.1 Serial correlation analysis 

After fitting the model to stochastic component the residuals, at, were obtained. The 

serial correlation coefficient of the residuals was estimated for lag k and the correlogram with 

the 95 % upper and lower confidence limits were drawn. The serial correlation coefficients 

falling well witllin the tolerance limits indicate the suitability of the model for the water 

deficit series and the residuals were assumed to be white noise (random). The confidence 

limits, tk, for lag k were estimated by the equation: 

- 1 ± 1.96.JN - k -1 
t

k
::::-------

N -k 
'" (3.58) 

3.11.3.2 Sum of squares analysis 

In this method sum of squares of residuals and deviation of observed series from their 

mean value were calculated to get R 2 by ratio and used as a tool to assess the adequacy of the 

model (Clarke, 1984). If Yt denotes the observed value of water deficit series, Y denotes the 

mean of observed water deficit series and Y denotes the fitted value of water deficit, then, 

the sum of squares of residuals is: 

... (3.59) 

the sum of squares of deviations of observed values from their means is: 

... (3.60) 

Then R2 is the measure required and is given as: 

R2 = (B-A)/B ... (3.61) 

If all the residuals are zero, i.e., R2 = 1 (or 100, ifR2 is expressed as a percentage), it indicates 

perfect fitting of the formulated model. Therefore, the closer the value of R2 to unity the 

better the goodness of fit. 

3.11.4 Validation of Stochastic Model 

The major application of modelling time series is to generate or forecast future values 

or data. Generating the water deficit time series for the entire sampling period was first checked 

using the weekly developed water deficit models. Forecasting was made for two years ahead 

from 2002 to 2003. The generated/forecasted values from each model were compared to the 

observed data. The variation of the generated/forecasted and observed series was presented 
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graphically with respect to time. Correlation coefficient of mean generated series and mean 

observed series was detenllined. Other statistical parameters of generated and observed series 

were also computed for validation of the model. 

3.12 GEOSTATISTICAL MODELLING OF WATER DEFICIT 

Geostatistical method of analysis employing semivariogram was used to evaluate 

spatial and temporal variability of water deficit by producing contour maps of fortnightly 

water deficit data during monsoon season of 1987, the severe most drought year experienced 

in the state. The basic aim of geostatistical method is to interpolate values for points or areas 

that have not been sampled, using data from surrounding sampled points. Water deficit 

measurements were spatially arrayed in an irregular grid. In geostatistics, the degree of 

variability of natural phenomena is expressed by the semivariogram and estimation is 

performed by a procedure called kriging. Kriging attempts to optimize the weights assigned to 

the neighboring data points in computing the interpolated value. 

Kriging consists of three steps: (i) an examination of the covariation of data values 

depending 011 their distances apart; (ii) fitting theoretical models to these relationships; and 

(iii) using these models to calculate the weights for a particular set neighboring points and 

computing the interpolated value. The first step is referred to as constmcting a sample 

( experimental) semi vario gram. 

3.12.1 Semival'iogl'ams 

The semivariogram nmction gives a measure of the spatial correlation of a random 

variable(s) as a function of separation distance. It is a graphical representation of 

semivariance versus lag distance. The semi variance nmction attempts to define the variation 

of the parameter of interest with distance. The semivariance function was estimated from the 

expreSSiOn: 

where, 

1 N(IJ) 

yCh) = I [E(x); -E(x+h)J 
2N(h) ;=! 

= semi variance value 

... (3.62) 

y(h) 

N(h) = number of data pair of desired property separated by distance h between 

places 

E(x) = value of the property measured at place (x) 

E(x+h) :::: value of the property measured at place (x+h) 

A common form of the theoretical semivariogram model is usually represented by a 

mathematical function. 111e specific tenninologies used to describe the shape of the n.lllction 

are: (a) nugget - refers when experimental variograms show a discontinuity near zero 
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separation, which is apparent variogram at distance h = 0, (b) sill - refers to the asymptotic 

maximum of the semivariogram or y( (0), and (c) range - refers the correlation length or 

distance required for the semivariogram to approach the sill. 

3.12.2 Drift and Stationary 

An additional parameter may be calculated which is an indicator of the validity of 

assuming first order st:1.tionary. This parameter is tenned as drift, D(h) and it may be 

calculated as a function of distance between measured values using following expression: 

1 N(h) 

D(h) = -( ) L:[E(X)i -E(x+h)i] 
N h i=l 

... (3.63) 

A value of zero drift is an indicator of first order stationary. Ifthere is a trend to the 

values of the drift as a function of distance, the mean cannot be assumed to be constant over 

the domain of analysis. To test the significant trend or drift function, the stability of the 

variance was examined all measured observations by using above. Further the significance 

level for the drift function was estimated by using the student t statistics. 

( ) D(h,c) ( ) 
t h, c = ( ) N h, c 

V h,c 

where, V is the variance at separation distance h 

3.12.3 Choice of Best Va.riogram Model to Sample Semivariogl'am 

... (3.64) 

Before the variogram can be used to estimate water deficit, a mathematical model has 

to be fitted to it. The reason for this is that variograms have to satisfy certain conditions. 

Selection of model depends on sill, range and nugget of the experimental semivariogram 

model. 

3.12.3.1 Structural analysis of va rio gram 

(a) Behavior of va rio gram near origin 

(i) Parabolic shape: This indicates that the regionalized variable is highly 

continuous and even differentiable. A parabolic shape can also be associated 

with the presence of drift. 

(ii) Linear shape: In this case the regionalized variable is continuous, but not 

differentiable and less regular than parabolic shape. 

(iii) A discontinuous shape: A discontinuity at the origin, i.e. when the y (h) = 0 as 

h tends to zero. This means that variance is not even continuous in the mean 

square. It is therefore highly irregular at short distance. 

(iv) Random shape: A flat curve (pure randollUless or white noise). The 

regionalized variances z(x+h) and z(x) are uncorrelated for all values. of h. This 

is the limiting case of a total lack of structure. 
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(b) Anisotropy 

When dealing regionalized variables in two or three dimensions, variograms 

calculated in different directions does not match identically with each other, then only 

anisotropy exists. 1fthis does not occur, then variogram depends only on the magnitude of the 

distance between points and is said to be isotropic. Two different types of anisotropy can be 

distinguished. 

(i) Geometric anisotropy (elliptic anisotropy): A semivariogram whose range is a function 

of direction is said to be geometrically anisotropic. If the curve is ellipse (in 2-D) then 

geometric anisotropy exists. In these cases a simple change of coordinate transforms the 

ellipse into circle and eliminates the anisotropy. The over all variogram after correcting for 

the anisotropy is of the form: 

y(h) = Yt[(Xt - X2)2 - K2(Y I - Y2)]005 ... (3.65) 

where, 

. . Rangel 
K = Amsotropy ratio = or 

Range 2 

Slope 1 

Slope 2 
... (3.66) 

(ii) Zonal or stratified anisotropy: If sill of the variogram varies with direction then zonal 

anisotropy exists. This anisotropy usually occurs with three-dimensional problem. In three­

dimensional problem, the vertical direction often plays a special role because there is more 

variation between strat:"L In such cases it is a standard practice to split the variogram into two 

components, an isotropic one plus another, which depends only on the vertical component. 

Anisotropy is removed by superimposition and overall variogram is given by: 

y(h) = Isotropic variogram + A vertical component 

= Yo(h) + "(1 (h) 

= yo[(hI
2 + h/ + h32

)t05 + "(1 (h3) 

(c) Proportional effecting 

... (3.67) 

... (3.68) 

This often occurs with lognonnal distributed data. The variogram for different zones 

have the same shape but the sill of the variogram in rich zones is much higher than poor 

zones. Often the sill turns out to be proportional to the square of local mean. So dividing each 

of local variogram by the square of the local mean and then averaging them before fitting a 

variogram mode, the underlying variogram model can be found. 

(d) Other/eatures o/the variogram 

In between the origin and infinity, the behaviour of the variogram shows various 

features of the phenomenon, notably the presence of nested stmctures and in very rare cases 

periodicities or a hole effect. Nested structure indicates the presence of variations at different 

scales and generally variogram exhibits periodic behaviour. Periodicity may occur due to 

presence of ridges and valley along the direction of experimental variogram. Hole effect 

61 



presents a bump in the variogram and caused by too few pairs of points used in calculating the 

experimental variogram for that distance or to the natural fluctuations. 

3.12.3.2 Models for variogram and their mathematical representation 

(a) Models with sill (bounded variogram) 

(i) The random model (pure nugget effect): The random model corresponds to a 

case where regionalized variable x(z) is randomly distributed that is covariance 

between value is zero for all distance h. Corresponding semivariogram is 

described by: 

y(h) = c for all h ... (3.69) 

Oi) The spherical modeJ: Spherical model is probably the most commonly used 

model. It has a simple polynomial expression and its shape matches well what 

is often observed. An almost linear growth up to a cCliain distance of 

stabilization. The tangent at the origin intersects the sill at a point with an 

abscissa 2a/3 and slope of this tangent at the origin is 3c/2a. TIus can be useful 

when fitting models. It is characterized by two parameters c and a and 

mathematically represented by an equation as: 

y(h)=C ---(
3h h3 J 
2a 2a3 

for h < a ... (3.70) 

y(h) = C for h > a ... (3.71) 

where, C is sill value, a is range and h is lag distance 

(iii) The exponential model: The exponential model is characterized by two 

parameters C and a, where C is the asymptote of the exponential curve and can 

be equated to sill and a is the distance at which tangent at origin reaches the 

value c. For practical purpose, the range can be taken as 3a. Slope of the 

tangent at the origin is Cia. TIlis model is represented by an equation as: 

Y(h) = Cll- eH /
a

) J ... (3.72) 

(iv) The Gaussian model: The curve is parabolic near origin and tangent at 

origin is horizontal indicating low variability for short distances. The Gaussian 

model represents the extremely continuous phenomenon. The practical range 

for the model is 1.73a. The model is represented by equation as: 

y(h) = Cll- e(-h2/a2) J ... (3.73) 

(b ) Model with sill (unbounded variogram) 

(i) The linear model: Tile linear semivariogram is expressed as: 

')'(h) == (a2 h)/2 

where, a2 is a constant and the slope of the line is a2/2. 
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(ii) The logarithmic or de Wijsian model: The logarithmic selTIlvanogram IS 

expressed as: 

y(h) = 3a logeh ... (3.75) 

A logarithmic model becomes inapplicable for distance smaller than h. The 

logarithmic model can only be representative of the properties of samples 

with support of finite dimensions. It can only be a regularized semivariogram. 

(iii) The parabolic model: The parabolic semivariogram is expressed as: 

h2a 2 

y(h)=-
2 

, . 
where, a" IS constant 

, .. (3,76) 

3.12.4 Fitting of Va rio gram Model 

The behaviour at the origin (both the nugget effect and slope) plays a crucial role in 

fitting of the variogram, because it has tremendous influence on the result of kriging and also 

on the numerical stability of the kriging system. The slope can be assessed from the first three 

or four variogram values while nugget effect can be estimated by extrapolating back to the 

origin. The range can usually be assessed visually. The sill value is set at the value where the 

variogram stabilizes. This should coincide with the overall variances. 

Sometimes experimental variogram exhibits nested structure. R:'l.nge and spatial 

variance should be visualized for every stmcture and then fitting of model will be done with 

anisotropies coefficient to depict the observed pattern of directional smivariogram by selected 

model. 

In general, good fit can be obtained with sum of two or three models. The fitting is 

done by trial and error preferably with graphic, 

The semivariogram for different stations and spatial variations were generated 

through the ArcGIS software, The model fitting on the semivariogram is also being done by 

this software. 

3.12.5 Cross Validation 

The suitability of the model variogram can be assessed by cross-validation. In cross 

validation, measured data are removed from data set one at a time. The value at the location 

of deleted sample is then estimated using kriging with an assumed model variogram. TIllS 

makes the calculation of the true-error in the estimation procedure possible, 

where, 

Ei=P(Xi)-t(Xi) . ..,.~ ... ~~, ",(3,77) -,,-.. --.-..... r:~~~ 
. . .~~ \J ll,';,:"~' 

E is the error, p(x) is the estimated value and t(x) is the tnw..ViU'l.\.e ... ~\ 
If''';:: ACe. No. ~\ 

t·i{.·9.4?·{t.· 
't.4.11 U\4:Ji"-<l:: ~~ 
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Thus, repeating this estimation for the number of experimental data N, the following 

cross-validation statistics may be calculated: 

Mean error, ME 

ME=_lfE 
N i~1 ' 

... (3.78) 

Mean squared error, MSE 

MSE = _1 i E 2 

N i~l ' 
... (3.79) 

Mean standardized square error, MSSE 

MSSE 
1 N E2 

= -"" -' N L.... 2 
;~1 (j j 

... (3.80) 

It is assumed that if the variogram model is correct, ME should be almost zero, MSE 

a small value and MSSE close to one. If cross- validation works efficiently, it can be used for 

estimation purposes. 

3.12.6 Kriging 

Sampling provides accurate information about the propelty at the sampled places. 

However, this does not tell what is happening in between them. There is a need to estimate 

the values at intermediate points as accurately as possible. 

Practically the accuracy of the estimates depends not only on the method of estimates 

but also on the information provided by the observed values which ultimately depends on 

method of sampling, distribution of sampling points in the area and the characteristics of 

property itself. In this study linear ordinary block kriging was used to estimate block krigged 

values. Blocks were formed and arithmetic values were calculated and assigned to centre of 

blocks when utilized. 

For block kriging, the krigged estimate at the center of interpolated block is estimated 

from: 

N 

E~ (xp) = L AjE(Xi ) .. , (3.81) 
i"'] 

where, E*(xp) is the value of the parameter at a point xp, and A.j is the weight assigned to 

each measured value of estimation. The weights chosen were assumed to be: 

1) unbiased - [E*(xp) - E(xp)] = 0 

2) the minimum variance - E[E*(xp) - E(xp)]2 is minimum 
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For unbiased condition the sum of individual weight Ai must be equal to unity: 

LAi = 1 

The minimum variance condition leads to set of n +llinear equations: 

i= 1,2, .... , N 

j = 1,2, .... , N 

Lyj == I 

... (3.82) 

... (3.83) 

... (3.84) 

For solving the kriging system of equations numerically, it was transformed into the 

matrix form as: AX = B 

ru rl~ rUT 1 A.l r(X1• A) 
Jo'J 1 rl~ Yw 1 ~ r(Xl • A.) 

.:til y(XN.N) 
.. , (3.85) 

YJIl i":w 'Yw 

1 1 11 1 

where, 

y(Xi, A) = average semivariance value between block to be interpolated and surrounding 

points 

Yij = semivariance between pairs of the surrounding values considered for the kriging 

f.L = lagrangian parameter 

Matrix A is always nOlHingular and the solution is: 

and kriging variance is: 

... (3.86) 

where, 

XT = Transpose matrix of X 

Y (A, A) =: average of the variogram between any two point X and Xl sweepmg 

independently throughout area A. 

Y (A, A) == l/A2 II Y(X - X)dX.dX' 

where, 

y (A, A) is = spatial variance of semivariognun 

Kriging variance is given by: 

r:i K = L Ai y(Xi, A) - yeA, A) + f.L 

... (3.87) 

... (3.88) 

The ArcGIS software was used for detennination of kriging of the water deficit data 

and the estimated krigged values based all the variogram model was also calculated for each 

station. 
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3.12.7 Preparation of Isodeficit Line Map 

ArcGIS 8.3 software package was used to draw water deficit maps for Gujarat. The 

package analyzes the same sample data in the same manner as has been done in geostatistical 

package and produces a isodeficit line map. These maps exhibit how water deficit changes 

over the study area spatially and temporally. 

3.13 CROP PLANNING UNDER DIFFERENT AGRO~CLIMATIC ZONES OF 

GUJARAT 

Selection of crops and cropping pattern depends on the length of growing season and 

occurrences of dry spells if temperature is not a limiting factor. Length of growing season is 

decided 011 the basis of period of moisture availability for crop growth. The length of growing 

season was determined by Thornthwaite and Mather (1955) method. Growing season starts 

when 1m? 0.5 and ends when Ima < 0.25, where Ima is the moisture adequacy index which is the 

ratio of AET/ETo. The crops and cropping patterns for different agro-climatic zones were 

selected on the basis of results of rainfall analysis, dry speU analysis and water availability 

period as under: 

1m3 Water availability 

0.00 -0.24 Dry 

0.25 - 0.49 Semi-dry 

0.50 - 0.74 Sub-moist 

0.75 - 0.99 Moist 

> 1.00 Humid 
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IV - RESULTS AND DISCUSSION 

The study has been undertaken with the objective of modelling drought under 

different agro-climatic zones of Gujarat. For this study weekly meteorological data for a 

period of 22 to 30 years (1974-2003), as per availability of records, for the selected stations 

\vere collected from the respective Agricultural Research Stations of the erstwhile Gujarat 

Agricultural University. Soil resources information for selected stations were obtained from 

the joint publication of the Gujarat Agricultural University, Navsari and National Bureau of 

Soil Survey and Land Use Planning, Regional Centre, Udaipur (Anonymous, 2000). Weekly 

reference evapotranspiration values were computed by the Penman-Monteith equation and 

used for determination of water balance for all the stations. 

An attempt has been made to analyze rainfall pattern, moisture status and water 

deficit through water balance and altificial neural networks technique. Initial and conditional 

probabilities of dry spells have been determined. Water deficit data are stochastic in nature 

and therefore, stochastic analysis of \vater deficit has been carried out. Validation of 

developed time series models has been made by comparing generated and observed values of 

water deiicit. Spatial and temporal variation of water deficit in the state in a most severe 

drought year has been studied by plotting water deficit contour maps using geostatistical 

model and Geographic Information System software package. The length of crop growing 

season has also been analyzed for determination of suitability of crops and cropping systems 

under eight different agro-climatic zones of Gujarat. The results are discussed under the 

different sub heads as under: 

4.1 ANALYSIS OF RAINFALL PATTERN 

Rainfall being the only source of water under dryland agriculture, a more complete 

and quantitative understanding of this natural resource, provides a lot more insight for proper 

planning with respect to crop production. The weekly rainfall data of sixteen stations under 

different agro-climatic zones of Gujarat for 22 to 30 years period (1974-2003) were analysed 

for almual, seasonal and weekly pattems alld the results are presented as under: 

4.1.1 Annual Rainfall 

Annual rainfall data of the selected stations were analysed statistically and the 

statistical parameters like mean, standard deviation (SD), coefficient of variation (CV) and 

coefficient of skewness (C8) are presented in Table 4.1. It is observed from Table 4.1 that 

Gandevi is the highest rainfall receiving zone having an average annual rainfall of 1580.53 

mm with SD of 509.66 nun and CV of 32.25 per cent. Radhanpur receives the lowest mean 

ffiUlual rainfall, 368.74 mm with SD of202.63 mm and CV of 54.95 per cent. The maximllm 



and minimum annual values of rainfall of different stations also given in Table 4.1 shows that 

Junagadh and Kothara received maximum (2786.50 mm) and minimum (3.0 mm) annual 

rainfall, respectively. It is pointed out that there is a large spatial and temporal variation in the 

rainfall pattem in the state. The low rainfall areas « 500 mm) comprised of Kothara and 

Radhanpur, characterized by arid climate, are located in westem part of the state. Surat, 

Navsari and Gandevi, located in the southem part, received high rainfall (> 1000 mm). Rest 

of the locations, 1110st of under the semi-arid climate, received rainfall between 500-1000 mm. 

The annual rainfall variation expressed in terms of coefficient of variation indicates that the 

high CV (> 50%) is observed in low rainfall areas whereas low CV (30-45%) in high rainfall 

areas. 

Table 4.1 Annual rainfall parameters under different agro-climatic zones of Gujarat 

Mean, Max., Min., 
Standard Coeff. of 

Station Deviation, Variation, Skewness 
mm mm mm 

0/0 mm 

Kothara 379.50 984.00 3.00 256.75 67.65 0.75 

Radhanpur 368.74 788.00 44.00 202.63 54.95 0.26 

Ra.ikot 565.56 1489.20 177.00 293.45 51.89 1.30 

Amreli 578.42 1365.40 153.00 267.12 46.18 1.01 

SK Nagar 630.19 1634.10 68.40 404.06 64.12 0.97 

Khedbl'ahma 713.55 1401.90 185.10 287.40 40.28 0.35 

Arnej 627.83 1041.70 232.70 210.01 33.45 0.11 

Dhandhuka 584.36 952.50 215.00 198.92 34.04 0.32 

Junagadh 890.56 2786.50 145.90 496.75 55.78 2.02 

Mahuva 574.35 1058.70 244.30 262.44 45.69 0.53 

Anand 829.09 1632.97 286.90 331.42 39.97 0.44 

Nawagam 810.88 1904.50 315.00 324.63 40.03 1.43 

Bharuch 906.92 2083.80 266.20 368.75 40.66 0.92 

Surat 1212.49 2387.50 583.00 512.90 42.30 0.97 

Navsal'i 1467.98 2436.60 715.40 441.36 30.07 0.70 

Gandevi 1580.53 2676.30 378.00 509.66 32.25 0.18 

The values of coefficient of skewness, presented in Table 4.1 indicate that all the 

stations are having positively skewed distribution of annual rainfall. The least Cs is noticed in 

respect of Arnej and Gandevi, which have considerably low variability in the annual rainfall. 

The high skewness (> 0.25) observed in respect ofrest ofthe stations indicates an asymmetric 

distribution of annual rainfall. Table 4.1 also shows that for different agro-climatic zones of 

the state the SD and CV of annual rainfall range from 198.92 to 512.90 nun and 30.07 to 

67.65 per cent, respectively. These significant variations indicate that the annual rainfall 

pattern in the state is very much erratic from zone to zone. 
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4.1.2 Seasonal Rainfall 

Different parameters of seasonal rainfall received from June to September under 

different agro-climatic zones of Gujarat are shown in Table 4.2. It is seen from Table 4.2 that 

Gandevi and Kothara receives maximum (1541.33 111m) and minimum (337.68 mm) mean 

seasonal rainfall with CV of33.30 and 77.06 per cent, respectively. Further, it is observed that 

Junagadh and Kothara have got the maximum (2773.50 111m) and minimum (3.0 mm) 

seasonal rainfall, respectively. Contribution of mean seasonal rainfall to mean annual rainfall 

in different agro-climatic zones varies from 88.98 (Kothara) to 97.52 (Gandevi) per cent on an 

average. However, it was found that individual year wise contribution of seasonal rainfall to 

annual rainfall in different zones has significant variability. 

Table 4.2 Seasonal rainfall parameters under different agro-climatic zones of Gujarat 

Mean, Max., Min., Standard eoeff. of 
Skew-

%of 
Station Deviation, Variation, annual mm mm mm 

0/0 
ness rainfall mm 

Kothara 337.68 984.00 3.00 260.23 77.06 Ull 88.98 

Ratlhanpur 34l. 98 733.00 44.00 200.55 58.64 0.43 92.74 

Rajkot 530.53 1370.10 167.00 277.81 52.36 1.26 93.81 

Amreli 531.23 1362.40 115.50 267.19 50.30 1.30 91.84 

SK Nagar 577.48 1634.10 50.00 403.87 69.94 1.20 91.64 

Khedbrahma 684.35 1401.30 161.00 283.30 41.40 0.50 95.91 

Arnej 584.93 968.40 228.70 209.39 35.80 0.10 93.17 

Dhantlhui{a 523.54 845,20 202.00 172.06 32.87 0,12 89.59 

Junaglldh 850.50 2773.50 138.20 501.32 58.94 2.09 95.50 

Mahuva 53l.48 1023.20 230.00 246.20 46.32 (l.62 92.54 

Anand 773.17 1530.10 285.10 326.19 42.19 0.43 93.26 

Nllwllgam 766.85 1895.00 295.10 324.16 42.27 1.65 94.57 

Bharuch 860.92 2083.80 185.90 375.32 43.60 0.96 94.93 

Surat 1166.90 2364.00 488.00 508.30 43.56 l.06 96.24 

Navsari 1398.28 2424.60 647.00 450.77 32.24 0.75 95.25 

Gandevi 1541.33 2598.20 378.00 513.33 33.30 0.25 97.52 

The analysis ofraillfall data presented in Table 4.2 reveals that the CV and SD ranges 

from 32.24 per cent (Navsari) to 77.06 per cent (Kothara) and 172.06 111m (Dhandhuka) to 

513.33 mm (Gandevi), respectively. The CV of seasonal rainfall in comparison with annual 

rainfall at all the stations was found similar. These significant variations of rainfall indicate 

that the seasonal rainfall pattem in the state is very much erratic. Even then the rainfall from 

south-west monsoon was found to be reliable in most of the agro~climatic zones. 
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4.1.3 Weekly Rainfall 

The data of normal weekly rainfall and corresponding coefficient of variation for each 

standard meteorological week (Appendix-A) for all the stations arc given in Appendix Bl to 

B 4, respectively. Since CV gives an idea of variation of rainfall amount about its mean, the 

adequacy of the measure depends upon the use to which it is put. For modern agriculture, 

information on climatic features is required for a shorter period. Annual rainfall only indicates 

trends of cel1ain climatic patterns, which may be useful to indicate agro-climatic 

homogeneous zones. but it does not give any picture as to thc erratic behavior of rainfall 

during the growing season, particularly in the different phenological stages of crop grO\v1h. 

Even the use of monthly rainfall data suffers from many shortcomings. Therefore, in this 

study weekly rainfall pattern is considered. Maximum and minimum w·eekly rainfall during 

rainy season (23 rd to 40th weeks) and range of coefficicnt of variation of wcekl:y rainfall for 

different stations are presented in Table 4.3. 

Table 4.3 Weeldy mean rainfall and coefficient of variation during monsoon season in 
different agro-climatic zones of Gujarat 

Station 
Maximum rainfall, Minimum rainfall, Range of coefficient 

mm mm of variation, % 
Kothar-a 52.59 (29) 02.10(38) 169.03 (33) -537.26 (40) 
Radhanpur 50.94 (29) 04.45 (26) 143.03 (29) -442.02 (23) 
Ra.ikot 61.64 (29) 09.91 (36) 107.89 (23) -259.60 (23) 
Amreli 46.91 (28) 16.69 (36) 121.17 (35) -246.99 (23) 
SK Nagar 68.80 (30) 16.25 (25) 111.53 (29) ~353.34 (40) 
Khedbrahma 89.58 (31) 12.07 (38) 085.32 (36) -268.52 (38) 
Arnej 65.37(25) 07.18(23) 116.03(32)-280.74(40) 
Dhandhuka 51.66 (26) 11.91(39) 119.58 (31) -389.48 (40) 
Junagadh 102.33 (25) 12.89 (23) 105.18 (34) -253.06 (26) 
Mahuva 57.86 (29) 14.18 (37) 086.11 (32) -259.83 (23) 
Anand 72.80 (30) 12.30 (39) 102.60 (30) -375.37 (23) 
Nawagam 83.93 (31) 13.85 (38) 105.81 (27) -351.39 (40) 
Bharuch 90.36 (29) 29.96 (38) 109.16 (28) -367.23 (23) 
Surat 137.00 (29) 24.37 (38) 097.40 (28) -410.20 (23) 
Navsari 150.00 (29) 2l.44 (40) 092.71 (29) -258.88 (23) 
Gandevi 197.55 (29) 42.48 (38) 076.34 (29) -250.14 (23) 

FIgures 111 parentheSIS mdlcate standard meteorologIcal week. 

It is evident from Table 4.3 that the maximum and minimum normal weekly rainfall 

range from 46.91111111 (Amreli) to 197.55 mm (Galldevi) and 2.10 mm (Kothara) to 42.48 mm 

(Gandevi), respectively. in different agro-climatic zones during the monsoon season. 

Table 4.3 also reveals that the highest range of CV of weekly rainfall was observed at Kothara 

(169.03 to 537.26%) while lowest range was observed at Amreli (121.17 to 246.99%). 

Normal weekly rainfall variations along with CV for different agro-climatic zones are shown 

in Figures 4.1a to 4.1d. It is interesting to note from the Figures 4.1a to 4.1d that in general at 
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all the stations the normal weekly rainfall increases from bcgiuning of the season (23,<1 5111 \\). 

reaches to its maximum during 28th to 31''' standard mctl.!orological w\!ck (S01\\) and thereafter 

decreases till the end of season. It is also seen from the Figures 4 la to 4.1d that CV is 

generally low in rainy season and very high in summer or winter season. However, the 

considerably high value of CV over that of seasonal and annual rainfall indicates that weekly 

rainfall distribution is highly erratic in all the zones under study. Normal weekly rainfall 

during monsoon season at different stations (Figures 4.1 a to 4.] d) also indicate in general 

low rainfall in arid an:as (Kothara and Radhanpur), high rainfall in southern region (Surat. 

Navsari and Gandevi) and moderate rainfall at rest of tllC stations. 

The COlllmon characteristics observed in the aboyc discussion of allIum!. seasonal and 

\\"cl1kly rainfall of sixteen stations. representing different agro-climatic zones. indicate that the 

coefficient of variation at the stations situated in arid climate (Kothara and Radhanpur) is 

highest amongst all in each section followed by the stations situated in semi-arid and sub 

humid climate. This clearly highlights the extrelllely erratic rainfall distribution of north-west, 

south-west and westem Gujarat scarcity zone as compared to other areas. 

4.1.4 Characteristics of Rainy Season 

Onset withdra\val and lenbrth of the rainy season for different agro-eli matic zones of 

Glljarat were \vorked out by forward and backward acculllulation of \veekly rainfall (Moris 

and Zandstra. 1979) and aw presented in Table 4.4. 

4.1.4.1 Onset of rainy season 

In the beginning of the ramy season, there should be adequate raintall for land 

preparation and sowing of crops. The onset of the rainy season is considered as the week by 

which the rainfall accumulates to 75 ITIm after 20th standard meteorological week (smw). In 

the study, considerable variation in the onset of the rainy season is observed from year to 

year. Therefore. the mean, earliest and latest week during which the onset of miny season has 

commenced are given zone wise in Table 4.4. From Table 4.4, it is evident that onset of raiIlY 

season occurs earliest at Kothara, Arnej and Surat in 21 fit smw (May 21 ~27) while delayed 

maximum upto 32nd smw (August 6-12) at Kothara, Radhanpur, SK Nagar, KhedbraIuna, 

Dhandhuka, JUllagadh, Mahuva and Anand. Under normal condition, onset of rainy season 

commences from 25th smw (June 18-24) in south Gujarat (Gandevi, Navsari, Surat and 

Bharuch); from 26th 
SIllW (June 25-July 1) at Arnej, Junagadh, Anand and Nawagam: from 

27th smw (July 2-8) at Rajkot, Amreli, SK Nagar, Khedbrahma, Dhandhuka and Mahuva and 

from 28th smw (luly 9-15) in western arid (Kothara and Radhanpur) zone. 

The percentage probabilities of onset of rainy season during different standard 

meteorological weeks in various zones of Gujarat are presented in Table 4.5. Onset ofrLliny 
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Fig.4.1a Normal weekly variation of rainfall at Kothara, Radhanpur, 
Rajkot and Amreli 
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Fig. 4.1c Normal weekly variation of rainfall at Junagadh, Mahuva, 
Anand and Nawagam 
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Fig. 4.1d Normal weekly variation of rainfall at Bharuch, Surat, Navsari 
and Gandevi 
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Table 4.4 Characteristics of rainy season in different agro-climatic zones of Gujarat 

Onset of rainy season, Withdrawal of rainy season, 
Length of rainy 

season, 
Station std. met. week std. met. week 

weet{s 

Early Late Mean Early Late Mean Max. Min. Mean 

Kothara 21 (1) 32 (3) 28.00 30 (2) 46 (1) 36.30 20 4 9.60 

Radhanpur 24 (1) 32 (1) 28.20 3J (2) 45 (1) 35.90 17 5 9.60 

Rajkot 22 (1) 31 (1) 26.50 32 (1) 47 (1) 37.80 21 5 11.20 

Amreli 22 (1) 31 (2) 26.90 30 (1) 48 (1) 39.40 22 6 13.60 

SKNagar 23 (1) 32 (2) 26.50 31 (1) 47 (1) 38.90 23 6 13.00 

Khedbrahma 24 (2) 32 (1) 26.80 31 (1) 46 (1) 37.&0 20 6 J 1.80 

Arnej 21 (2) 30 (1) 25.70 32 (1) 45 (1) 38.00 19 7 12.70 

Dhandhulm 22 (1) 32 (1) 26.70 32 (1) 48 (1) 38.50 18 7 12.20 

Junagadh 23 (2) 32 (1) 26.00 32 (1) 47 (2) 39.30 22 6 13.70 

Mahuva 22 (1) 32 (1) 27.00 31 (2) 47 (1) 37.&0 20 6 11.90 

Anand .22 (1) 32 (1) 26.10 32 (1) 48 (1) 39.00 24 7 13.20 

Nawagam 22 (1) 30 (1) 26.20 32 (1) 48 (1) 39.00 26 7 13.40 

Bharuch 22 (2) 29 (1) 25.20 34 (1) 47 (2) 39.10 21 8 14.10 

Surat 21 (1) 28 (4) 24.80 30 (1) 48 (1) 39.10 24 7 14.60 

Navsari 22 (1) 31 (1) 25.10 34 (1) 47 (2) 40.20 24 10 15.30 

Gandevi 22 (1) 3 I (1) 25.20 33 (I) 47 (I) 39.30 25 10 14.70 

Figures in parenthesIs indicate number of the event. 

Table 4.5 Probability (%) of onset of rainy season during standard metcol'Ological 
weel<s uuder different agro-climatic zones of Gujarat 

Station\ 21 22 23 24 25 26 27 28 29 30 31 
Week Probabilit f(%) of onset of rainy season 

Kothara 3.2 - - 6.5 12.9 - 19.4 29.0 32.3 58.1 61.3 

Radhanpur - - 4.4 8.7 17.4 26.1 34.8 52.2 78.3 82.6 

Rajkot - 3.7 - - 7.4 33.3 51.8 77.7 88.8 92.5 96.2 

Amreli - 3.2 6.5 12.9 25.8 38.7 54.8 67.7 86.2 - 93.5 

SK Nagar - - 3.2 6.5 12.9 25.8 41.9 48.4 64.5 83.9 87.1 

Khedbrahm - - 3.7 11.1 22.2 48.1 70.3 85.1 - -
Arnej 4.4 8.7 - 13.0 21.7 60.9 - 78.3 82.6 95.7 -
Dhandhuka 4.4 8.7 - - 17.4 34.8 65.2 78.3 82.6 - 91.3 

Junagadh - - 3.2 9.7 22.6 58.1 - 70.8 83.9 - -
Mahuva - 4.4 - 8.7 21.7 39.1 52.2 56.5 73.9 82.6 87.0 

Anand - 3.2 6.5 12.9 19.4 45.2 67.7 80.6 87.1 93.6 -
Nawagam - 3.7 - 7.4 25.9 40.7 59.2 70.3 81.4 96.2 -
Bharuch - 3.2 9.7 19.4 38.7 61.3 80.6 83.9 96.8 - -
Surat 3.2 6.5 9.7 22.6 41.9 74.2 . 87.1 - - -
Navsari - 3.2 6.5 12.9 38.7 74.2 83.9 93.6 - - 96.8 

Gandevi - 4.4 8.7 13.0 43.5 69.6 78.3 91.3 - - 95.7 
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season may be expected by 25 th smw at Gandevi, Navsari, Surat and Bhamch with a 

probability of 43.5, 38.7,41.9 and 38.7 per cent; by 26th 
SlllW at Amej, Junagadh, Anand and 

Nawagam with a probability of 60.9, 58.1, 45.2 and 40.7 per cent; by 2 t h smw at Rajkot, 

Amre1i, SK Nagar, Khedbrahma, Dhandhuka and Mahuva with a probability of 51.8, 54.8, 

41.9, 48.1, 65.2 and 52.2 per cent and by 28th smw at Kothara and Radhanpur with a 

probability of29.0 and 34.8 percent, respectively. 

4.1.4.2 Withdrawal ohainy season 

Withdrawal of rainy season is determined by backward accumulation of rainfall from 

48th smw accounting to an amount of 30 111lll. Table 4.4 shows the withdrawal of rainy season 

from different agro-climatic zones of Gujarat. The percentage probabilities for the withdrawal 

of rainy season for different zones are given in Table 4.6. 

Table 4.4 indicates that earliest withdrawal of rainy season is in 30th smw (July 23-

29) at Kothara, Amreli and Surat; in 31st smw (July30- August 5) at Radhanpur, SK Nagar, 

Khedbralllna and Mahuva; in 32nd 
Sl11W (August 6-12) at Rajkot, Arnej, Dhandhuka, 

Junagadh, Anand and Nawagam; in 33cd smw (August 13-19) at Gandevi and in 34th smw 

(August 20-26) at Bhamch and Navsari. Similarly, late withdrawl of rainy season was 

observed in 45 th smw (November 5-11) at Radhanpur and Amej; in 46th smw (November 12-

18) at Kothara and Khedbrahma; in 4th SIllW (November 19-25) at Rajkot, SK Nagar, 

Junagadh, Mahuva, Bharuch, Navsari al1d Gandevi and in 4Stll smw (Nov. 26- Dec. 2) at 

Amreli, Dhandhuka, Anand, Nawagam and Surat. Further, Tables 4.4 and 4.6 show that under 

normal condition the rainy season withdraws in 36th smw (September 3-9) at Kothara and 

Radhanpur with 54.8 and 56.6 per cent probability; in 38th smw (September 17-23) at Rajkot, 

Khedbrahma, Amej and Mahuva with 51.8, 48.1, 43.5 and 47.9 per cent probability; in 39th 

smw (Septelllber 24-30) at Amreli, SK Nagar, Dhandhuka, Junagadh, Anand, Nawagam, 

Bhamch, Surat and Gandevi with 41.9,51.6,52.2,41.9,58.1,55.5,51.6,48.4 and 43.5 per 

cent and in 40th 
Sl11W (October I ~ 7) at Navsari with 45.2 per cent probability, respectively. 

4.1.4.3 Length of rainy season 

The length of rainy season is the period between onset and withdrawal of the rainy 

season. Length of rainy season for different stations is presented in Table 4.4. Minimum and 

maximum length of rainy season was observed at Kothara (4 weeks) and Gandevi (25 weeks), 

respectively. Table 4.4 also indicates that the mean length of rainy season at Surat, Navsari 

and Gandevi was of 15 weeks; at Amreli, Junagadh and Bhamch 14 weeks; at SK Nagar, 

Amej, Anand and Nawagam 13 weeks; at Khedbrahma, Dhandhuka and Mahuva 12 weeks; at 

Rajkot 11 weeks and at Kothara and Radhanpur 10 weeks, respectively. The length of rainy 

season may be curtailed due.to early withdrawal of south-west monsoon, 
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4.1.5 Dry and Wet Spell Analysis 

Initial and conditional probabilities and probable periods of occurrence of two 

consecutive dry weeks for the selected sixteen stations representing different agro-climatic 

zones under study were analysed by Markov-Chain process. 

4.1.5.1 Initial and conditional probability 

The initial and conditional probabilities of rainfall for the amount of 20 ll1m during 

1 to 52 weeks were estimated by using Equations (3.2) to (3.5). The results for 23 rd to 45 th 

standard meteorological weeks for different agro-climatic zones are given in Tables 4.7a to 

4.7p. It is seen from Table 4.7a to 4.7p that at all the stations the probability of occurrence of 

dry week [P(D)] is high (> 70%) in the beginning of monsoon season, reduces in the mid of 

season(2S1h to 32nd smw) and again reaches high at the end of season. Wct spell probability of 

occurrence [P(W)] is just reverse of the [P(D)]. 

The conditional probability of dry week preceded by a dry week IP(D/D)], as 

presented in Tables 4.7a to 4.7p indicate that at all the stations it is high (> 50%) at the 

beginning of the rainy season (upto 26th smw), which then remains low in mid of the season 

and again start increasing onwards. However, the [P(DID)J remains high (> 50%) through out 

rainy season in arid zone(Kothara and Radhanpur). Similarly, probability of occurrence of wet 

week preceded by a wet week P(WIW), as evident fro111 Tables 4.7a to 4.7p, indicates that it is 

high (> 50%), except in the beginning and end of season, at SK Nagar, Khedbrahma, Anand, 

Nawagam, Bhamch, Surat, Navsari and Gandevi. Whereas, mixed trend is obtained for 

Kothara, Radhanpur, Rajkot, Amreli, Arnej, Dhandhuka, Junagadh and Mahuva. 

4.1.5.2 Probability of two consecutive dry weel{S 

Dry spell due to inadequate rainfall may occur through out the rainy season. The 

weekly evaporative demand of different agro-climatic zones of Gujarat varies from 38 to 62 

mm during beginning of rainy season to 21 to 39 111m during active rainy season. A week 

receiving rainfall of about 20 111111 will be able to meet halfto full evaporative demand. During 

the early stages of growth, the crop water requirements will be about half of the evaporative 

demand and subsequently increase during the reproductive stage of crop growth. Therefore, 

week with rainfall less than ZO lllm was considered as a dry spell week (Palldarinath, 1991; 

Dash and Senapti, 1992). If the rainfall is less than 20 mm per week for two or more 

consecutive weeks, the crops are likely to be subjected to moisture stress in the absence of 

adequate stored soil moisture. 

The probability of two consecutive dry weeks and wet weeks for different agro­

climatic zones of Gujarat are calculated from Equations (3.6) and (3.7) and shown in Tables 

4}a to 4.7p. Tables 4.7a to 4.7p reveal that the probability of two consecutive dry weeks 
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Table 4.7a Probability (%) of dry and wet weeks at Kothara 

Std. met. P (D) P (DID) P (2D) P (W) P (WJW) P (2W) week 
23 96.67 96.55 93.09 3.33 0.00 n.oo 
24 90.00 Y6.30 n.26 10.00 Cl.OO 0.00 
25 76.67 86.96 58.27 23.33 0.00 4.67 
26 83.33 76.00 72.46 16.67 20.00 4.76 
27 76.67 R6.96 65.17 23.33 28.57 9.33 
28 66.67 85.00 50.98 33.33 40.00 15.38 
29 56.67 76.47 37.78 43.33 46.15 28.8') 
30 70.00 66.67 48.70 30.00 M.67 8.57 
31 76.67 fi9.57 65.71 23.33 28.57 10.37 
32 70.00 SS.7I 57.83 30.00 44.44 2 1.43 
33 76.67 8261 58.97 23.33 71.43 5.83 
34 86.67 76.92 76.67 13.33 25.00 3.33 
35 86.67 88.46 83.20 13.33 2S.00 8.00 
36 83.33 Y6.00 73.33 16.67 60.00 6.67 
37 83.33 88.00 68.97 16.67 40.00 0.00 
38 96.67 82.76 Y6.67 3.33 0.00 1.11 
39 90.00 100.00 83.79 10.00 33.33 lO.OO 
40 96.67 93.00 96.67 3.33 66.67 1.67 
41 93.33 100.00 86.67 6.67 50.00 0.00 
42 93.33 92.86 86.90 6.67 0.00 (l,OO 

43 96.67 93.10 93,33 3.33 D.DU (l.OO 

44 96.67 96.55 93.33 3.33 0.00 O.ou 
45 96.67 %.55 93.33 3.33 0.00 0.00 

Table 4.7b Probability (%) of dry and wet weeks at Radhanpur 

Std. met. P (D) P (DID) P (2D) P (W) P (WJW) P (2W) 
week 

23 96.67 96.55 93.09 3.33 (J.OO 0.00 
24 90.00 96.30 78.26 10.00 0.00 0.00 
25 76.67 86.96 58.27 23.33 0.00 4.67 
26 83.33 76.00 72.46 16.67 20.00 4.76 
27 76.67 86.96 65.17 23.33 28.57 9.33 

28 66.67 85.00 50.98 33.33 40.00 15.38 

29 56.67 76.47 37.78 43.33 46.15 28.&9 

30 70.00 66.67 48.70 30.00 66.67 8.57 
31 76.67 69.57 65.71 23.33 28.57 10.37 

32 70.00 85.71 57.iG 3D.OO 44.44 21.43 
33 76.67 82.61 5&.97 23.33 71.43 5.83 

34 86.67 76.92 76.67 13.33 25.00 3,33 

35 86.67 88.46 83.20 13.33 25.00 8.00 

36 83.33 96.00 73.33 16.67 60.00 6.67 

37 83.33 88.00 68.97 16.67 40.00 0.00 

38 96.67 82.76 96.67 3.33 0.00 1.11 
39 90.00 100.00 83.79 10.00 33.33 ]0.00 

40 96.67 93.00 96.67 3.33 66.67 1.67 

41 93.33 100.00 86.67 6.67 50.00 0.00 

42 93.33 92.86 86.90 6.67 0.00 0.00 

43 96.67 93.10 93.33 3.33 0.00 0.00 

44 96.67 96.55 93.33 3.33 0.00 0.00 

45 96.67 96.55 93.33 3.33 0.00 0.00 
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Table 4.7c Probability (%) of dry and wet weeks at Rajkot 

Std. met. P (D) P (DID) P (2D) P(W) P (W/W) P(2W) week 
23 92.31 91.67 81.45 7.69 0.00 0.00 
24 65.38 88.24 39.23 34.62 f).OO 9.44 
25 57.69 60.00 30.77 42.31 27.27 15.38 
26 57.69 53.33 36.71 42.31 36.36 19.74 
27 42.31 63.64 21.15 57.69 46.67 38.46 
28 53.85 50.00 35.90 46.15 66.67 24.43 
29 34.62 06.67 12.59 65.38 52.94 43.59 
3() 42.31 36.36 19.74 57.69 66.67 36.71 
31 57.69 46.67 36.06 42.31 63.64 21.15 
32 61.54 62.50 4IJJ3 38.46 50.00 19.23 
33 69.23 66.67 38.94 30.77 50.00 3.08 
34 61.54 56.25 42.11 38.46 lO.OO 21.98 
35 73.08 1)8.42 54.01 26.92 57.14 8.97 
36 88.46 73.91 75.19 11.54 33.33 0.00 
37 76.92 85.00 56.68 23.08 (l.OO 3.30 
38 73.08 73.68 60.90 26.92 14.29 13.46 
39 69.23 83.33 50.35 30.77 50.00 15.38 
40 84.62 72.73 74.04 15.38 50.00 7.69 
41 92.31 87.50 84.92 7.69 50.00 0.00 
42 96.15 n.oo 92.46 3.85 Il.OO U.OO 
43 100.00 96.15 100.00 0.00 n.oo D.OO 
44 92.31 100.00 84.92 7.69 n.oo CLOD 
45 96.15 92.00 92.31 3.85 0.00 (l.O() 

Table 4.7d Probability (%) of dry and wet weeks at AmreJi 

Std. met. P (D) P (DID) P (2D) P (W) P (W/W) P (2W) 
week 

23 83.33 96.(JO 71.97 16.67 20.0[J 4.17 
24 73.33 86.36 64.71 26.67 25.0[) 12.31 
25 56.67 88.24 38.96 43.33 46.15 24.76 

26 53.33 68.75 26.67 46.67 57.14 20.00 

27 53.33 50.00 30.48 46,67 42.86 23.33 
28 46.67 57.14 20.42 53.33 50.00 26.67 

29 53,33 43.75 34.51 46.67 50.00 28.72 
30 56.67 64.71 34.63 43.33 61.54 21.67 
31 60,nO 61.11 34.74 40,00 50.00 14.55 

32 63.33 57.89 35.19 36,67 36.36 9,17 

33 60.00 55.56 38.82 40.00 25.00 18.46 

34 56.67 64.71 40.48 43.33 46.15 24.37 

35 46.67 71.43 24,27 53.33 56.25 42.67 

36 83.33 52.00 64,39 16.67 80,00 0.00 

37 73.33 77,27 56.07 26,67 0.00 10.00 

38 73.33 77.27 57,04 26,67 37.50 8.89 

39 60.00 77.78 40,91 40,00 33.33 25.00 

40 73.33 68,18 53.59 26.67 62.50 6.67 

41 86,67 73.08 74,71 13.33 25,00 0.00 

42 96.67 86.21 93.21 3.33 0,00 0,00 

43 93.33 96.43 86,90 6,67 0,00 0.00 

44 96.67 93.10 93.21 3.33 0.00 0,00 

45 93.33 96.43 86.42 6,67 0,00 0,00 
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Table 4.7e Probability (%) of dry and wet weeks at SK Nagar 

Std. met. P (D) P (DID) P(2D) P(W) P(W/W) P(2W) week 
23 86.67 96.15 76.27 13.33 0.00 2.67 
24 83.33 88.00 68.84 16.67 20.00 2.38 
25 76.67 82.61 60.00 23.33 14.29 6.67 
26 76.67 78.26 69.00 23.33 28.57 1] .67 
27 66.67 90.00 47.06 33.33 50.00 12.82 
28 56.67 70.59 37.7S 43.33 38.46 21.67 
29 40.00 66.67 24.62 60.00 51l.00 45.88 
30 43.33 61.54 27.58 56.67 76.47 38.77 
31 36.67 63.64 13.10 63.33 68.42 39.58 
32 46.67 35.71 27.45 53.33 62.50 36.92 
33 56.67 58.82 33.06 43.33 69.23 21.67 
34 SO.OO 58.33 71.58 20.00 50.00 7.27 
35 63.33 89,47 46.81 36.67 36.36 26.19 
36 76.67 73.91 62.!l6 23.33 71.43 7.78 
37 70.00 80.95 50.40 30.00 33.33 12.00 
38 83.33 72.00 70.51 16.67 40.00 4.17 
39 86.67 84.62 73.33 13.33 25.00 0.00 
40 86.67 84.62 74.71 13.33 0.00 0.00 
41 96.67 86.21 93.21 3.33 0.00 0.00 
42 93.33 96.43 86.67 6.67 0.00 0.00 
43 93.33 92.86 86.90 6.67 0.00 0.00 
44 96.67 93.10 93.21 3.33 0.00 0.00 
45 93.33 96.43 86.42 6.67 n.oo 0.00 

Table 4.7f Probability (%) of dry and wet weeks at Khedbl'ahma 

Std. met. P (D) P (DID) P (2D) P (W) p (W/W) P (2W) 
week 

23 88.46 86.96 82.93 11.54 0.00 2.31 
24 61.54 93.75 32.58 38.46 20.00 8.55 
25 65.38 52.94 43.59 34.62 22.22 12.59 
26 57.69 66.67 31.07 42.31 36.36 16.27 
27 50.00 53.85 21.43 50.00 38.46 23.68 
28 26.92 42.86 20.19 73.08 47.37 59.79 
29 15.38 75.00 4.40 84.62 81.82 75.71 
30 26.92 28.57 16.15 73.08 89.47 59.16 
31 19.23 60.00 7.69 80.77 80.95 75.72 

32 38.46 40.00 13.74 61.54 93.75 35.90 
33 53.85 35.71 30.77 46.15 58.33 23.08 

34 53.85 57.14 35.90 46.15 50.00 34.62 

35 69.23 66.67 57.01 30.77 75.00 17.09 
36 65.38 82.35 52.31 34.62 55.56 28.85 

37 76.92 80.00 62.94 23.08 83.33 11.54 

38 84.62 81.82 75.21 15.38 50.00 3.85 

39 69.23 88.89 49.04 30.77 25.00 15.38 

40 92.31 70.83 84.62 7.69 50.00 0,00 

41 92.31 91.67 85.21 7.69 0.00 0.00 

42 100.00 92.31 100.00 D.DO 0.00 0.00 

43 92.31 100.00 85.21 7.69 0.00 0.00 

44 100,00 92.31 100.00 0.00 0,00 0.00 

45 96.15 100.00 92.31 3.85 0.00 0.00 
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Table 4.7g Probability (%) of dry and wet weeks at Arnej 

Std. met. P (D) P (DID) P (2D) P (W) P (W/W) P(2W) weei{ 
23 86.36 94.74 80.6J 13.64 (I.OO 3.90 
24 68.18 93.33 43.39 31.82 28.57 8.68 
25 50.nO 63.64 27.27 50.00 27.27 27.27 
26 50.00 54.55 27.27 50.00 54.55 27.27 
27 50.00 54.55 30.00 50.00 54.55 29.17 
28 45.45 60.00 27.27 54.55 58.33 36.36 
29 45.45 60.00 22.73 54.55 66.67 32.73 
30 54.55 50.00 38.18 45.45 60.00 26.52 
31 45.45 70.00 22.73 54.55 58.33 34.0l) 

32 63.64 50.0n 47.73 36.36 62.50 18.18 
33 54.55 75.00 25.17 45.45 50.00 15.15 
34 59.0lJ 46.15 39.39 40.91 33.33 23.38 
35 68.18 66.67 58.44 31.82 57.14 19.89 
36 63.64 85.71 43.75 36.36 62.50 18.18 
37 72.73 68.75 59.89 27.27 50.00 16.36 
38 7727 82.35 62.78 22.73 60.00 7.58 
39 72.73 81.25 57.42 27.27 33.33 18.18 
40 86.36 78.95 81.82 13.64 66.67 9.09 
41 86.36 94.74 74.m 13.64 66.67 0.00 
42 95.45 85.71 90.91 4.55 0.00 0.00 
43 95.45 95.24 91.12 4.55 0.00 0.00 
44 100.00 95.45 lOO.OO 0.00 0.00 0.00 
45 95.45 100.00 91.12 4.55 0.00 0.00 

Table 4.7h Probability (%) of dry and wet weeks at Dhandhuka 

-' Std. met. 
P (D) P (DID) P (2D) P (W) P (W/W) P (2W) 

week 
23 72.73 100.00 55.61 27.27 33.33 10.91 

24 77.27 76.47 53.50 22.73 40.00 2.53 
25 59.09 69.23 42.98 40.91 11.11 22.31 
26 50.00 72.73 18.18 5U.00 54.55 18.18 

27 50.00 36.36 22.73 50.00 36.36 22.73 

28 50.00 45.45 30.77 50.00 45.45 33.33 

29 59.09 61.54 34.47 40.91 66.67 16.36 
30 54.55 58.33 39.67 45.45 40.00 28.93 

31 50.00 72.73 25.00 50.00 63.64 25.00 

32 45.45 50.00 29.22 54.55 50.00 47.73 

33 63.64 64.29 40.50 36.36 87.50 13.22 
34 50.00 63.64 32.14 50.00 36.36 37.50 

35 63.64 64.29 44.06 36.36 75.00 16.16 

36 59.09 69.23 35.45 40.91 44.44 17.53 

37 68.18 60.00 45.45 31.82 42.86 7.95 

38 8].82 66.67 67.38 18.18 25.00 3.64 

39 77.27 82.35 61.82 22.73 20.00 11.36 

40 9().91 80.00 90.91 9.09 5(l.On 4.55 

41 81.82 lOO.OO 6lJ.:>5 18.18 50.00 9.09 

42 90.91 85.00 82.25 9.09 50.00 0.00 

43 95.45 90.48 91.12 4.55 0.00 0.00 

44 100.00 95.45 100.00 0.00 0.00 0.00 

45 95.45 100.00 91.12 4.55 a.oo 0.00 
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Table 4.7i Probability (%) of dry and wet weeks at Junagadh 

Std. met. P (D) P (DID) P (2D) P(W) P (W/W) P(2W) week 
23 76.67 91.30 72.41 23.33 14.29 11.67 
24 60.00 94.44 31.76 40.00 5n.OO 12.31 
25 56.67 52.94 38.77 43.33 30.77 27.58 
26 63.33 611.42 42.22 36.67 63.64 14.67 
27 5n.OO 66.67 30.00 50.00 40.00 27.50 
28 33.33 60.00 23.33 66.67 55.00 56.67 
29 33.33 70.00 20.51 66.67 85.00 58.82 
30 43.33 61.54 21.67 56.67 88.24 35.42 
31 46.67 50.00 21.78 53.33 62.50 28.44 
32 50.00 46.67 26.67 50.00 53.33 26.67 
33 50.00 53.33 23.53 50.00 53.33 23.08 
34 56.67 47.06 32.81 43.33 46.15 19.70 
35 63.33 57.89 50.67 36.67 45.45 25.67 
3(, 66.67 80.00 5J.52 33.33 70.()O 20.83 
37 73.33 77.27 57.)\9 26.67 1i2.50 9.70 
38 63.33 78.95 45.74 36.67 36.36 18.33 
39 60.00 72.22 35.45 40.00 50.00 15.00 
40 73.33 59.09 54.32 26.67 37.50 8.89 
41 90.00 74.07 83.57 10.00 33.33 5.00 
42 93.33 92.86 89.74 6.67 50.00 1.67 
43 86.67 96.15 74.71 13.33 25.01] O.OD 
44 96.67 86.21 93.21 3.33 n.no 0.00 
45 93.33 9643 86.90 6.67 0.1)0 D.OO 

Table 4.7j Probability (%) of dry and wet weeks at Mahuva 

Std. met. 
P (D) P (DID) P (2D) P (W) P (W/W) P (2W) 

week 
23 90.91 90.00 78.79 9.09 a.oo 0.00 

24 68.18 86.67 48.70 31.82 0.00 11.93 

25 63.64 71.43 35.80 36.36 37.50 6.06 

26 72.73 56.25 60.61 27.27 16.67 10.91 

27 54.55 83.33 29.37 45.45 40.00 20.20 

28 59.09 53.85 44.32 40.91 44.44 20,45 

29 36.36 75.00 15.15 63.64 5U.00 44.55 

30 54.55 41.67 27.27 45.45 70.00 18.94 

31 45.45 50.00 2D.66 54.55 41.67 29.75 

32 5U.OO 45.45 21.87 50.00 54.55 16.67 

33 72.73 43.75 59.50 27.27 33.33 9.92 
34 50.00 81.82 28.57 50.00 36.36 31.25 

35 63.64 57.14 52.07 36.36 62.50 19.83 

36 50.00 81.82 29.41 50.00 54.55 40.00 

37 77.27 58.82 61.82 22.73 80.00 6.49 

38 68.18 80.00 51.14 31.82 28.57 15.91 

39 72.73 75.00 50.91 27.27 50.00 0.00 

40 90.91 70.00 81.82 9.09 0.00 0.00 

41 90.91 90.00 86.12 9.09 0.00 3.03 

42 86.36 94.74 77.27 13.64 33.33 4.55 

43 86.36 89.47 74.03 13.64 33.33 0.00 

44 95,45 85.71 95.45 4.55 0.00 2.27 

45 90.91 100.0U 82.64 9.09 50.00 0.00 
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Table 4.7k Probability (%) of dry and wet weeks at Anand 

Std. met. P (D) P (DID) P (2D) P (W) P (W/W) P(2W) 
week 

23 86.67 92.31 73.67 13.33 25.00 1.33 
24 66.67 85.00 45.61 33.33 10.00 12.12 
25 fi3.33 68.42 42.22 36.67 3(i.3n 14.26 
26 40.00 66.67 20.00 60.00 38.89 42.86 
27 53.33 50.00 26.n7 46.67 71.43 21.00 
28 33.33 50.00 23.33 66.67 45.00 56.67 
29 33.33 70.00 11.11 66.67 gS.OO 44.44 
30 30.00 33.33 19.09 70.00 66.67 62.63 
31 36.67 63.64 20.37 63.33 89.47 45.24 
32 30.00 55.56 10.71 70.00 71.43 52.50 
33 46.67 35.71 23.33 53.33 75.00 30.0(J 
34 46.67 50.00 24.89 53.33 50.25 32.(J0 
35 50.00 53.33 36.11 50.00 60.00 41.67 
36 60.00 72.22 40.91 40.00 83.33 25.00 
37 73.33 68.18 56.67 26.67 62.50 10.00 
38 73.33 77.27 58.06 26.67 37.50 13.33 
39 SO.OO 79.17 62.86 20.00 5~ l.OO 0.00 
40 93.33 78.57 90.00 6.67 0.00 3.33 
41 93.33 96.43 86.67 6.67 50.1)0 0.00 
42 93.33 92.86 86.42 6.(,7 D.OO 0.00 
43 90.no 92.59 80.69 10.00 0.00 0.00 
44 96.67 89.66 93.33 3.33 0.00 0.00 
45 96.67 96.55 93.21 3.33 0.00 0.00 

Table 4.71 Probability (%) of dry and wet weeks at N awagam 

Std. met. 
P (D) P (DID) P (2D) P(W) P (W/W) P(2W) 

week 
23 84.62 95.45 75.71 15.38 50.00 4.40 
24 73.08 89.47 51.58 26.92 28.57 5.98 

25 65.38 70.59 35.66 34.62 22.22 9.23 
26 42.31 54.55 17.63 57.69 26.67 32.97 

27 46.15 4l.67 27.69 53.85 57.14 39.16 

28 57.69 60.0() 38.46 42.31 72.73 19.91 
29 34.62 66.67 17.31 05.38 47.06 47.22 
30 30.77 50.nO 23.08 69.23 72.22 61.54 
31 3(1.77 75.00 J(J.26 69.23 88.89 49,45 

32 46.15 33.33 25.17 53.85 71.43 32.31 

33 42.31 54.55 19.23 57.69 60.00 34.62 

34 42.31 45.45 24.68 57.69 60.00 41.21 

35 46.15 58.33 25.64 53.85 71.43 40.38 

36 69.23 55.56 51.92 30.77 75.00 15.38 

37 76.92 75.00 58.61 23.08 50.0n 4.62 

38 80.77 76.19 72.69 19.23 20.00 9.62 

39 76.92 90.no 60.90 23.08 50.00 11.54 

40 92.31 79.17 88.46 7.69 50.00 3.85 

41 92.31 95.83 84.92 7.69 50.00 0.00 

42 96.15 92.00 92.31 3.85 0.00 0.00 

43 96.15 96.00 92.31 3.85 0.00 0.00 

44 96.15 96,00 92.31 3.85 0.00 0.00 

45 96.15 96.0n 91.97 3,85 0,00 0.00 
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Table 4.7m Probability (%) of dry and wet weeks at Bharuch 

Std. met. P (D) P (DID) P (2D) P(W) P(W/W) P (2W) week 
23 73.33 9O.91 65.19 26.67 12.50 13.33 
2 .. 60.00 SS.S9 34.74 40.00 50.00 14.55 
25 63.33 57.89 42.22 36.67 36.36 14.1>7 
26 50.00 66.67 25.00 50.00 4U.OO 25.00 
27 46.67 50.00 25.93 53.33 50.00 30.4R 
28 30.00 55.56 15.00 70.00 57.14 54.09 
29 26.67 50.00 10.26 73.33 77.27 60.39 
30 43.33 38.46 26.00 56.67 82.35 41.56 
31 50.00 60.00 21.43 50.00 73.33 23.91 
32 23.33 42.86 7.18 76.67 47.83 63.14 
33 43.33 30.77 19,70 56.67 82.35 32,81 
34 36.67 45.45 17.11 63.33 57.8Y 46,44 
35 50.00 46,67 34.21 50.00 73.33 40,91 
36 63,33 68.42 38.00 36.67 81.82 11.00 
37 66,67 60.00 44.44 33.33 30.00 11.11 
38 60.00 66,67 37,14 40.00 33,33 17,78 
39 70.00 61.90 51.85 30.00 44.44 20.00 
40 90,00 74.07 83.57 10.00 66.67 5,00 
41 93.33 92.86 87,11 6,67 5{J.OO 0.00 
42 100.0n 93.33 100.00 0.00 f).OO 1),00 

43 96.67 100.(]O 96.67 3.33 0.00 1.67 
44 93.33 100.DO 86.90 6.67 50.00 0.00 
45 96,67 93,10 93.21 3.33 0,00 0.00 

Table 4.7n Probability (%) of dry and wet weeks at Surat 

Std. met. P (D) P (DID) P (2D) P (W) P (W/W) P(2W) 
week 

23 76,67 95.65 60.53 23.33 14.29 6,36 

24 63.33 78.95 49.76 36,67 27,27 18.33 
25 46.67 78.57 26,67 53.33 50.00 33.33 
26 46,67 57.14 25.93 53,33 62.50 30.48 

27 30,00 55.56 12.00 70.00 57.14 52.50 

28 33.33 40,00 19.05 66.67 75.00 49.28 

29 23.33 57.14 9.33 76.67 73.91 65.17 
30 33.33 40.00 18.18 66.67 85.00 52.63 

31 36.67 54,55 18.33 (j3.3J n.95 43.18 

32 26.67 50.00 13.33 73.33 68.18 62.33 

33 33.33 50.00 16.67 66.67 85.00 57.14 

34 53.33 50.00 31.37 46,67 85.71 25.13 

35 56.67 58.82 39.67 43.33 53,85 30,33 

36 66.67 70.00 50.00 33.33 70.00 16.67 

37 66.67 75,00 49.12 33.33 50.00 15,15 

38 63.33 73.68 45.24 36.67 45.45 20.37 

39 70.00 71.43 53.33 3D,OO 55.56 13.33 

40 70.00 76.19 56.54 30,00 44.44 30.00 

41 86.67 80.77 76.67 13.33 36.70 3.33 

42 86.67 88.46 77.70 13:33 25.00 13.33 

43 96,67 89.66 96,67 3.33 36.70 1.67 

44 93.33 100.OO 86.90 6.67 50.00 0.00 

45 96.67 93.10 93.33 3.33 0.00 0.00 
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Table 4.70 Probability (%) of dry and wet weeks at Navsari 

Std. met. P (D) P (DID) P (2D) P(W) P(W/W) P (2W) week 
23 80.00 91.67 61.18 20.00 10.67 3.08 
24 56.67 76.47 34.87 43.33 15 .. l8 20.39 
25 43.33 61.54 25.28 56.67 47.06 37.7H 
26 40.00 58.33 22.Ro 60.00 66.67 39.13 
27 23.33 57.14 16.67 76.67 65.22 70.00 
28 23.33 71.43 11.67 76.n7 91.30 n3.89 
29 20.00 50.00 5.45 ~w.oo 83.33 67.37 
30 36.67 27.27 15.71 63.33 84.21 4 J.3(l 
31 23.33 42.86 15.56 76.67 65.22 62.47 
32 10.00 66.67 0.83 90.00 81.48 80.00 
33 40.00 8.33 lR.67 60.00 88.89 40.00 
34 50.00 46.67 30.flO 50.00 66.67 27.)0 
35 33.33 60.00 19.()) 66.67 55.0() 58.33 
36 46.67 57.14 24.89 53.33 87.S!) 32.00 
37 50.00 53.33 32.14 50.00 60.00 31.25 
38 46.67 64.29 29.47 53.33 62.50 43.64 
39 63.33 63.16 37.42 36.67 81.82 9.17 
40 73.33 59.09 59.23 26.67 25.00 20.00 
41 86.67 80.77 76.67 13.33 75.00 3.33 
42 86.67 88.46 77.04 13.33 25.00 4.44 
43 90.00 88.89 80.00 10.00 33.33 0.00 
44 90.00 88.89 80.69 10.00 0.00 0.00 
4S 96.67 89.66 93.33 3.33 O.()O a.oo 

Table 4.7p Probability (%) of dry and wet weeks at Gandevi 

Std. met. P (D) P (DID) P (2D) P (W) P (W/W) P (2W) 
week 

23 9U.91 90.00 80.81 9.09 0.00 0.70 
24 4[).91 88.89 16.36 59.09 7.69 34.47 
25 45.45 40.00 27.27 54.55 58.33 36.36 
26 45.45 60.00 22.73 54.55 66.67 30.68 
27 27.27 50.00 20.45 72.73 56.25 60.61 
28 18.18 75.00 12.12 81.82 83.33 73.21 
29 13.64 66.67 2.73 86.36 89.47 76.20 
30 22.73 20.00 11.36 77.27 88.24 64.39 
31 18.18 50.00 0.00 81.82 83.33 64.59 

32 13.64 0.00 3.41 86.36 78.95 76.77 
33 18.18 25.00 4.55 81.82 88.89 68.18 

34 18.18 25.00 3.64 81.82 83.33 67.38 
35 22.73 20.()O 7.58 77.27 82.35 65.38 

36 40.91 33.33 23.38 59.09 84.62 39.39 

37 31.82 57.14 17.36 68.18 66.67 61.98 

38 50.00 54.55 32.14 50.00 90.91 37.50 

39 63.64 64.29 42.42 36.36 75.00 18,18 

40 81.82 66.67 68.18 18.18 50.00 4.55 

41 81.82 83.33 66.94 18.18 25.00 0.00 

42 100.00 81.82 100.00 0.00 0.00 0.00 

43 95.45 100.00 91.12 4.55 0.00 0.00 

44 100.00 95.45 100.00 0.00 0.00 0.00 

45 95.45 100.00 91.12 4.55 0.00 0.00 
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[P(2D)] is in general low during rainy season, but start increasing (> 50%) during withdrawal 

of rainy season in most of the zones. TIle standard meteorological weeks (during \vhich dry 

spells of two consecutive weeks is likely to commence) \vith different probabilities of 

occurrence in selected agro-climatic zones are presented in Table 4.8. 

Table 4.8 Weeks with different probabilities of occurrence of two consecutive dry 
weeks under different agro-climatic zones of Gujarat 

Dry weeks ( rainfall < 20 mm per week) occurring consecutively starting 
Station with different probability levels 

< 25 % 26 - 50 % 51 -75 % > 75% 

Kothara - - 30,32 23-29,31,33 onwards 
Radhanpur - 29 27-28,30,32,34 23-26,31,33,35 onwards 

Rajkot - 27, 29-30 24-26,28,31-35,38-39 23,36-37,40 onwards 

Amreli - 28,35 24-27,29-34,37-40 23,36,41 onwards 

SK Nagar - 29-32 27-28,33,35,37 23-26,34,36,38 onwards 

Khedbrahma 29, 31 27-28,30,32 24-26,33-36 23, 37 onwards 

Arnej - 25-31 24,32-37,39 23,38,40 onwards 

Dhandhuka - 26-28,31-32 23,25,29-30,33-37 24, 38 onwards 

Junagadh - 27- 33 24-26, 34-40 23,41 onwards 

Mahuva - 29,31-32,34 24-28,30,33,35-36,38,39 23,37,40 onwards 

Anand - 26,28-35 24-25,27,36,38 23,39 onwards 

Nawagam - 26-27,29-35 24-25, 28,36 23,37 onwards 

Bharuch 32 26-31,33-35 23-25,36-39 40 onwards 

Surat 29 25-28,30-33 24,34-40 23,41 onwards 

Navsari 27-29,31-32 25-26,30,33-38 24,39-40 23,41 onwards 

Gandevi 28- 35 24-27,36-38 39 23,40 onwards 

It is seen from Table 4.8 that mid season droughts are likely to occur \\lith 26 to 50 

per cent probabilities at SK Nagar, JUl1agadh, Anand, Nawagam, Bharuch, Surat and Navsari; 

with 51 to 75 per cent probability at Rajkot, Amreli, Khedbrahma, Arnej, Dhandhuka and 

Mahuva, and < 25 per cent probability at Gandevi. Kothara and Radhanpur experienced mid 

season drought with high probability on regular basis. 

The possibilities of late season droughts during maturity period are high (> 50%) at 

all the stations except Gandevi where it is 25 percent. The probability of1\vo consecutive wet 

weeks [P(2W)] as given in Tables 4.7a to 4.7p indicates that it is sufficiently high (>50%) 

during some of the weeks in rainy seaSon to generate surface runoff, which can be harvested 

to reduce the impact of forthcoming dry spells, in most of the zones except arid location i.e. 

Kothara and Radhanpur and semi~arid locations i.e. Rajkot, Amreli, SK Nagar, Amej, 

Dhandhuka and Mahuva, respectively. 

This study can be used as a tool for detecting deficient period with regard to water 

availability during the crop growth periods. Alternative arrangements can be made during 

water deficient period coinciding with critical growth stages. Therefore, the probabilities of 

occurrence of dry and wet spells during crop grO\vth season and conditional probabilities 
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which take into account the sequential events, provides the basic information 011 rainfall 

distribution characteristics necessary for different agricultural operations, 

4.2 REFERENCE EVAPOTRANSPIRA TION UNDER DIFFERENT AGRO~ 
CLIMATIC ZONES OF GUJARAT 

Reference evapotranspiration (ET(I) refers to total water losses through evaporation 

from soil and transpiration from vegetation under unlimited water supply, Recently, Allen 

et aI., (1998) modified the concept of reference evapotranspiration and suggested 

Penman-Monteith equation for estimation of reference evapotranspiration. Weekly reference 

evapotranspiration values for different agro-climatic zones of Gujarat were computed by 

using Equation (3,9), 

4.2.1 Annual Reference Evapotransph·ation 

The anllual reference evapotranspiration (ETI) values for different stations are 

presented in Table 4,9, The mean ETo value (Table 4,9) varies from 1437,31 mm \vith CV of 

5.10 per cent at Gandevi to 2026,55 mm with CV of 9,05 per cent at Rajkot. The annual ETo 

values vary from maximum 2631.40 mm at Rajkot to minimum 1283.32 111m at Khedbrahllla, 

Table 4.9 also reveals that minimum and maximum CV is observed at Kothara (4,02 %) and 

Rajkot (9,05%), respectively. Comparison of annual rainfall with annual ETo shows that 

evaporative needs are higher than rainfall received in different agro-climatic zones of the 

state, 

Table 4.9 Annual reference evapotranspiration (ETo) under different agro-climatic 
zones of Gujarat 

Station Mean ETo, Max. ETo, Min. ETo, SO, 
CV, % mm mm mm mm 

Kothara 1847.11 2012.58 1682.43 74.25 4.02 

Radhanpur 1973,04 2174,15 1851.53 80.1 4,06 

Rajkot 2026,55 2631.40 1768.82 183,39 9,05 

Amreli 1914,25 2481,90 1698,84 155.54 8.13 

SK Nagar 1731,56 1941.11 1406,39 122.51 7.08 

Khedbrahma 1444.35 1676.03 1283.32 94.20 6,52 

Arnej 1895,26 2035,78 1615,87 98,05 5,17 

Ohandhuka 1874,20 2063,39 1607,60 100,87 5.38 

Junagadh 1765.48 2172,88 1562.06 151.71 8.59 

Mahuva 1729,17 1977.63 1544,96 108.83 6,29 

Anand 1599.67 1752,60 1467.17 77.16 4,82 

Nawagam 1690,34 2076.52 1293.48 141.77 8,39 

Bharuch 1858,79 1687.85 1348.44 155.03 8.34 

Surat 1624,72 1874.44 1728,26 99.63 6,13 

Navsari 1571,27 1861.49 1362,96 111.22 7.08 

Gandevi 1437.31 1609,72 1322,23 73.29 5.10 
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4.2.2 Weekly and Seasonal Reference Evapotranspit'ation 

Variation of normal weekly reference evapotranspiration (ETII) for different agro­

climatic zones of Gujarat are shown in Figures 4.2 and also presented in Appendices 

C 1 to C 16. It is observed from Figures 4.2 that weekly ETn values start increasi ng from 20 to 

30 mm in 4th to 7th smw to 41 to 67 mm in 18 th to 21 st smw in different agro-climatic zones. 

The increase in ETn during summer period may be due to higher temperature, longt:r 

daylight length, lesser humidity and high windy conditions. ETo starts declining after start of 

rainy season and becomes minimum (15 to 28 mm) in winter season, may be due to lo\ver 

temperature, higher humidity and shorter daylight lengths. It is interesting to note from 

Figure 4.2 that ETa values are in decreasing order as shifting towards northern, central, 

eastern and southern part of the state. In south, seasonal variability in ETI) is smaller as 

compared to the other parts of the state. Amongst the stations selected for study. Rajkot and 

Gandcvi observed the highest and lowest reference evapotranspiration, respectively. 

Comparison of normal weekly ETn of different agro-c1imatic zones (Figures 4.2 and 

Appendices C 1 to C 16) indicate a decreasing trend starting from Rajkot, Radhanpur, Amreli, 

Amej, Dhandhuka, Kothara, Junagadh, SK Nagar, Mahuva, Nawagam, Bhamch, Surat, 

Anand, Navsari, Khedbrahma and to Gandevi. Higher values of weekly ETI) were observed in 

rainy season at Radhanpur as compared to all other stations. This may be due to dry weather 

conditions prevailing at Radhanpur. 

Mean seasonal reference evapotranspiration values at Kothara, Radhanpur, R.1.jkot, 

Amreli, SK Nagar, Khedbrahma, Arnej, Dhandhuka, Junagadh, Mahuva, Anand, Nawagam, 

Bhamch, Surat, Navsari, and Gandevi were found to be 631.46 mm, 693.89 mm, 655.59 mm, 

598.51 mm, 658.17 mm, 510.28 mm, 641.65 mm, 634.17 mm, 514.08 nlll, 557.97 mm, 

563.52 m111, 584.50 mm, 548.70 mm, 530.51 111m, 492.36 mm, and 468.97 nun, respectively 

(Appendices C 1 to C 16). Comparison of seasonal rainfall with seasonal ETI) shows that 

normal evaporative demand of crops grown in rainy season is fulfilled at all the stations 

except Kothara, Radhanpur, Rnjkot, Amreii, SK Nagar, Amej, Dhandhuka and Mahuva. 

4.3 MOISTURE STATUS UNDER DIFFERENT AGRO-CLIMATIC ZONES OF 
GUJARAT 

The concept of climatic water balance has come to be understood universally as a 

basis for understanding the moisture status of a place (Kerkides et aI., 1996). The weekly 

water balance elements for all the stations (16) under different agro-climatic zones have been 

computed by Thornthwaite and Mather (1955) method. Normal weekly water balance for 

different stations under study is presented in Appendices C 1 to C 16. Estimated water balance 

elements at all the stations are used to study spatial and temporal variability of water deficit in 
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the state usmg geostatistical model. However, ,vater balance for the selected stations 

representing respective agro-c1imatic zones are used to study moisture status in the state under 

the following sub-heads: 

4.3.1 Annual Moisture Status 

The elements of annual water balance for different rainfall years have been computed 

and are given for normal rainfall (ncar to average annual value), wettest and driest year in 

Tab le 4. 10. It is seen from Table 4.10 that reference evapotranspiration (ETo) at different 

stations during the normal year varies from 1414.9 mm (Gandevi) to 1992.6 rnm 

(Radhanpur), while during the wettest and driest year it ranges from 1453.7 mm (Galldevi) to 

1851.5 mm (Radhanpur) and 1514.3 mm (Gandevi) to 2481.9 mm (Anueli), respectively. The 

value of actual evapotranspiration (AET) during the nonnal year ranges from 115.3 mm at 

Radhanpur to 602.9 mm at Galldevi, while in wettest and driest year it ranges from 198.2 mm 

at Kothara to 765.6 rnm at Amej and 3.1 mm at Kothara to 515.4 mm at Surat, respectively. 

The value of annual water deficit during the normal year ranges from 812.0 mm at 

Gandevi to 1777.3 mm at Radhanpur, while in the wettest and driest year it ranges from 875.2 

mm at Galldevi to 1614.4 O1m at Kothara and 1197.3 l1Ull at Navsari to 2328.8 111m at Amreli, 

respectively. Table 4. J 0 also shows that water surplus during normal year ranges from 21.9 

mm at Amreli to 1029.3 111111 at Gandevi, while in the wettest and driest year it ranges from 

220.5 mOl at Dhandhuka to 2097.7 mm at Gandevi and 0.0 mm at all the stations [except 

Gandevi (75.4 111m) and Surat (71. 7 111m)] to 203.7 mm at Navsari, respectively. 

The above results of annual moisture status in different zones indicate that, high water 

deficit prevails during driest year followed by normal and wettest year. Similarly, surplus 

water (which includes both surface nmoff and deep percolation) remains high during wettest 

year and very low to no in driest year, indicating corresponding moisture status in respective 

years. 

4.3.2 Weekly Moisture Status 

The \veekly water balance paran1eters for different agrowclimatic zones are shown in 

Figures 4.3a to 4.3d and are presented in Appendices C I to C 16. Figure 4.3a shows the 

normal water balance at Kothara, Radhanpur, Rajkot and Amrdi. It is observed from the 

Figure 4.3a that differences between reference (ETa) and actual (AET) evapotranspiration 

decreases during 28 th to 31 sl smw at Kothara and Radhanpur, from 28 th to 33rd smw at Rajkot 

and from 28th to 35 th smw at Amreli, which indicate the increasing moisture status (or 

decreasing water deficit) at the respective stations. The weekly water deficit during active 

crop growing period at Kothara, Radhanpur, Rajkot and AmreIi varies from 13.73 to 25.44 

mOl, 12.08 to 24.94 mOl, 5.80 to 16.02 and 6.84 to 14.00 mm, respectively (Appendices 
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Table 4.10 Annual water balance under different agro-climatic zones of Gujarat 

Rainfall, ETo, AET, Water Water 
Station Category Year deficit, surplus, mm mm mm mm mm 

Normal year 1999 373.0 1771.7 285.9 1485.7 87.1 
Kothara Wettest year 1979 984.0 1812.3 198,2 1614.1 785.7 

Driest year 1987 3.0 1870.4 3,1 1867.3 0.0 
Normal year 1995 368.0 1992,6 215,3 1777. 3 152",7 

Radhanpur Wettest year 1990 788,0 1851.5 384,7 1466.8 403,3 
Driest year 1999 44,0 2119,6 55,1 2064. 5 0,0 

Normal year 1992 568,6 1768,8 467.9 1300.9 100,7 
Rajkot Wettest year 1979 1489,2 1775,5 525.6 1249.9 963,6 

Driest year 1985 177.0 2111,2 184.4 1926,8 0,0 
Normal year 1976 578,0 1953.4 556,1 1397.3 21.9 

Amreli Wettest year 1988 1365.4 1798.0 544,3 1253.7 821,1 
Driest year 1987 153,0 2481.9 153,1 2328.8 0,0 

Normal year 1976 653,4 1741.4 466,2 1275.2 187,2 
SK Nagar Wettest year 1994 1634,1 1406.4 436,0 970.4 1198 1 

Driest year 1987 68,4 1941,1 68.7 1872.4 0,0 
Normal year 1988 719.5 1552,6 473,7 1078.9 245.8 

Khedbrahma Wettest year 1994 1401.9 1433.2 403,9 1029,3 998.0 
Driest year 1987 185.1 1507.4 188.9 1318.5 0.0 

Normal year 1992 620,5 1932.4 466.4 1466,1 154.1 
Arnej Wettest year 1997 1041,7 1765.6 765.6 1000.1 276.1 

Driest year 1987 232,7 1939.6 234,5 1705.1 0.0 
Normal year 1990 555.0 1883.4 503,9 1379.5 51,1 

Dhandhuka Wettest year 1997 952.5 1760.0 732,0 1028.1 220,5 
Driest year 1987 215,0 2063.4 219.8 1843.6 0.0 

Normal year 2001 848.1 1713,9 571.7 1142.2 276.4 
Junagadh Wettest year 1980 1671.7 1716.3 522,3 1194,1 1149.4 

Driest year 1987 145,9 2122.0 148.8 1973.2 0,0 
Normal year 1997 600.5 1769,8 573,0 1196,8 27,5 

Mahuva Wettest year 1983 1058.7 1666.9 570.9 1096.1 487,8 
Driest year 1986 244.3 1926.0 247,0 1678,9 0,0 

Normal year 1978 824.3 1602.8 480.4 1122,5 343,9 
Anand Wettest year 1976 1633.0 1615.1 637,9 977.2 995,1 

Driest year 1986 286.9 1739.2 341.3 1398.0 0.0 
Normal year 1984 790.2 1778.4 498.2 1280,2 292.0 

Nawagam Wettest year 1994 1904,5 1506,5 446,7 1059.8 1457.8 
Driest year 1987 315.0 2076,5 314.9 1761.6 0,1 

Normal year 2001 90004 1790.1 575.9 1214.2 324.5 
Bharuch Wettest year 1976 2083.8 1760.3 687.9 1072.4 1395.9 

Driest year 1974 266.2 1834.6 266.3 1568.4 0.0 
Normal year 1982 1165.7 1658.9 521.2 1137.7 644.5 

Surat Wettest year 1976 2387.5 1655.3 675.1 980.3 1712.4 
Driest year 1974 587.1 1728,3 515.4 1212,9 71.7 

Normal year 1984 1448.5 1605,3 523.6 1081,7 924.9 
Navsari Wettest year 2003 2436.6 1539,6 523.0 1016.7 1913.6 

Driest year 1974 715.4 1709.1 511.7 1197.3 203.7 

Normal year 1996 1632.2 1414,9 602.9 812,0 1029.3 
Gandevi Wettest year 1983 2676.3 1453,7 578.6 875,2 2097.7 

Driest year 1987 378.0 1514.3 302.6 1211.7 75.4 

C 1 to C 4). In some of the weeks during the rainy season, very low weekly surplus water 

values are observed at Kothara (0 to. 22.61 mm), Radhanpur (0 to 19.51 mm), Rajkot 

(0 to 40.72 mm) and Amreli (0.38 to 20.30 mm), respectively, 
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Fig.4.3a Normal weekly water balance at Kothara, Radhanpur, Rajkot and Amreli 
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Fig.4.3b Normal weekly water balance at S.K. Nagar, Khedbrahma, Arnej 
and Dhandhuka 
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Figure 4.3b shows the normal water balance at SK Nagar, Khedbrahmil, Amej and 

Dhandhuka. It is observed from Figure 4.3b that rainfall during 281h to 35th smw is sufficient 

to meet the evaporative demand at all the stations but afterwards falls short resulting to slight 

\vater ddicit at all the stations. The weekly water deficit at SK Nagar, Khedbrahma, Amej 

and Dhandhuka varies from 7.16 to 18.30 mm, 1.76 to 11.81mm, 4.24 to 11.91 mm and 5.28 

to 12.79 mm, respectively during active crop growing period. Considerable surplus water is 

generated in the zones of SK Nagar, Khedbrahma, Amej and Dhandhuka, which may be 

stored in soil to recharge ground water or nms off the field to contribute to surface storages 

,md streams. 

Figure 4.3c shows the normal water balance at Junagadh, Mahuva, Anand and 

Nawagam. It is seen frolll the Figure 4.3c that rainfall during 28 th to 38th 
S111W is sufficient to 

meet the evaporative demand at all the stations barring sporadic short fall resulting to slight 

'water deficit at all the stations. The weekly water deficit at Junagadh, Mahuva, Anand and 

Nawagam varies from 2.16 to 7.47 nUll, 4.74 to 13.01111111, 1.95 to 8.35 mm and 1.56 to 10.09 

mm, respectively during active crop growing period. During the season, considerable surplus 

water is generated in the zones of Junagadh, Mahuva, Anand and Nawagam, which may be 

stored in soil to recharge ground water or runs off the field to contribute to surface storages 

and streams. 

Figure 4.3d shows the normal water balance at Bharuch, Surat, Navsari and Gal1devi. 

It is observed from the Figure 4.3d that rainfall during 25 th to 39th smw is sufficient to meet 

the evaporative demand at all the stations. The weekly water deficit at Bhamch, Surat, 

Navsari and Gandevi varies between 2.08 to 6.H2 mm, 0.80 to 5.98 mm, 0.86 to 3.31 mm and 

0.08 to 2.62 mlll. respectively during active crop growing period. During the season, 

considerable surplus water is generated in the zones of Bhamch, Surat, Navsari and Gandevi, 

which may be stored in soil to recharge ground water or runs off the field to contribute to 

surface storages and streams. 

The results for different agro-climatic zones indicate that under nonnal condition, 

moisture status at all the stations (Khedbrahma, Anand, Nmvagam, Bbaruch, Surat, Navsari 

and Gandevi) situated in half of the eastem part of the state is sufficient for satisfactory 

grovyth of rainfed crops, \vhereas, all the stations located in the other half (western palt, 

includes SK Nagar, Arnej, Dhandhuka, Mahuv<l, JUllagadh, Radhanpur and Kothara) 

experienced moisture deficit during the crop growth period. However, it is seen from Section 

4.1.3 that the distribution of weekly rainfall is highly erratic and uncertain resulting to 

moisture stress of different categories in different agro-climatic zones. 
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4.3.3 Mean Aridity Index 

A better understanding of moisture status can be studied lIsing water deficit parameter 

in comparison with reference evapotranspiration. The aridity index (In) has been worked out 

as percentage ratio of \vater deficit and water need. The mean aridity index and droughtiness 

factor [worked out as (Ia mnx - In min) / Ia mean] for different zones are shown in Table 4.11. 

Table 4.11 Mean aridity index and droughtiness factor under different agro-climatic 
zones of Gujarat 

Mean Standard Coefficient Droughti-
Station Latitude, Lon~itude, Aridity 

deviation, of 
oN E index, variation, ness 

% % 
% 

factor 
-

Kothara 23.16 68.93 85.83 6.68 7.78 0.35 

Radhanpur 23.82 71.55 83.53 7.19 8.60 0.26 

Rajkot 22.28 70.80 73.39 8.44 11.50 0.45 

Amreli 21.60 71.20 73.37 7.65 10.43 0.42 

SK Nagar 24.32 72.32 76.22 8.74 11.46 0.45 

Khedbrahma 24.05 73.00 68.29 6.58 9.63 0.43 

Arnej 22.63 72.32 67.45 7.10 10.52 0.42 

Dhandhuka 22.40 71.98 68.46 7.68 11.22 0.53 

Junagadh 21.52 70.50 65.81 7.23 10.99 0.58 

Mahuva 21.08 71.80 71.07 8.38 11.79 0.43 
"-

Anand 22.58 72.97 66.97 11.64 17.39 1.21 

Nawagam 22.72 72.55 66.69 6.81 10.20 0.45 

Bharuch 21.68 73.00 61.21 7.55 12.33 0.56 

Surat 21.20 72.83 59.66 6.45 10.74 0.19 

Navsari 20.93 72.90 59.29 5.14 8.67 0.36 

Gandevi 20.80 73.00 55.71 6.68 11.99 0.55 

Table 4.11 reveals that the highest mean aridity index of 85.83 per cent with CV of 

7.78 per cent was observed at Kothara, while the lowest of 55.71 per cent with CV of 11.99 

per cent was observed at Gandevi. The mean aridity index (Table 4.11) decreases from 

Kothara towards east and south direction in the state. It is also seen from Table 4.11 that the 

droughtiness factor varies between 0.19 (Surat) to 1.21 (Anand), generally in proportion with 

CV of corresponding aridity indices. Droughtiness factors thus clearly indicate the variability 

of aridity indices at respective stations during the study period. 

Figures 4.4a and 4.4b show the meriditional variation of mean aridity index and 

droughtiness factor in the state. It is visualized from the Figure 4.4a that mean aridity index 

shows slight declining trend in high rainfall zone. The droughtiness factors as depicted in 

Figure 4.4b do not follow any specific trend. 
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4.3.4 Climatic Shift 

The moisture index, which is the basis for climatic classification has been studied for 

year to year change in the climate. Such diagrams for different agro-climatic zones arc 

presented from Figures 4.5a to 4.5d. These figures indicate the t1uctuation of moisture index 

(Im) in different years of study period. Climatic conditions at different stations are giYcl1 in 

Table 4.12. 

It is observed from Table 4.12 that the climate at Kothara and Radhanpur ,vas stable 

in arid condition, as more than 75 per cent years were arid. The climatic condition at Rajkot, 

Amreli, SK Nagar and Mahuva was found to swing from arid to semi-arid for 34.61. 36.66, 

40.0 and 36.36 % years, and to dry sub-humid for 7.69, 13.33, 10.0 and 9.09 % years, 

respectively. The climatic condition for Amreli and SK Nagar was shifted to moist sub-humid 

each for 3.33 % years. Similarly, climatic condition of Rqjkot and SK Nagar was shifted to 

humid for 3.85 and 333 % years, respectively. 

Table 4.12 Climatic conditions under different agro-c1imatic zones of Gujarat 

Arid Semi Dry Moist Humid Total 
Station arid sub humid sub humid year 

Number of years of shift 
Kothara 23 7 0 0 a 30 
Radhanpur 17 5 0 0 a 22 
Rajkot 14 9 2 0 1 26 
Amreli 14 11 4 1 a 30 
SK Nagar 13 12 3 1 1 30 
Khedbrahma 5 12 8 0 1 26 

Arnej 8 14 0 0 a 22 
Dhandhuka 10 12 0 0 a 22 
Junagadh 3 14 7 2 4 30 
Mahuva 12 8 2 0 a 22 
Anand 4 14 9 2 1 30 
I\lawagam 2 14 6 2 2 26 
Bharuch 3 11 10 3 3 30 
Surat 0 8 10 4 8 30 
Navsari 0 1 8 6 15 30 
Gandevi 1 0 1 7 13 22 

111e semi-arid climatic condition at Arnej (63.63 % years) and Dhandhuka (54.54 % 

years) was found to swing towards arid condition for 36.36 and 45.45 % years, respectively. 

Khedbrahma, Junagadh, Anand, Nawagam and Bhamch mostly experienced semi­

arid to dry sub-humid climatic condition. The semi arid condition of Khedbrahma (46.15 % 

years) was found to swing towards arid, dry sub-humid and humid condition for 19.23, 30.77 

and 3.84 % years, respectively. Similarly, the semi-arid climatic condition of Junagadh 

(46.67% years), Anand (46.67% years), Nawagam (53.84 % years) and Bhamch (36.67 % 

years) also found to swing towards arid 10,0, 13.33, 7.69 and 10.0 % years; dry sub-humid 
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23.33,30.0,23.07 and 33.33 % years; moist sub-humid 6.67,6.67, 7.69 and 10.0 % years and 

humid 13.33, 3.33, 7.69 and 10.0 % years, respectively. 

The dry sub-humid condition of Surat (33,33 % years) was shifted to semi-arid" moist 

sub-humid and humid for 26,67, 13.33 and 26,67 % years, respectively, Similarly, the humid 

condition of Navsari (50,0 %) and Gandevi (59.09 %) were found to swing to moist sub­

humid for 20.0 and 31,82 and dry sub-humid for 26,67 and 4.45 % years, respectively. 

Navsari also experienced semi-arid condition for 3.33 % years, \vhereas Gande\'i experienced 

arid condition for 4.54 % years. 

Thus, Kothara and Radhanpur (north-west Gujarat) were found to be predominantly 

in arid climate, Bharuch, Surat, Navsari and Gandevi (South Gujarat) in humid (dry sub­

humid to humid) climate and rest of the stations jn semi-arid climatic condition. 

4.3.5 Surplus Water 

The quantity of surplus water generated during different weeks was estimated in 

climatic water balance study (Section 3.5) at different agro-climatic zones and the nOIDlai 

values are presented in Appendices C 1 to C 16. The probabilities of occurrence of surplus 

water of 20, 40, 60, 80 and 100 nUll during different weeks of the rainy season in different 

agro-climatic zones are presented in Tables 4, 13a to 4, 13p. 

Tables 4.13a to 4.l3p show that during the rainy season, probability of 20 111m surplus 

water ranges between 0,0 to 16,67 percent in arid areas (Kothara and Radhanpur): 0,0 to 

72.72 percent in humid areas (Bharuch, Surat, Navsari and Gandevi) and D,O to 57,69 percent 

at rest of the stations located in semi arid areas, Similarly, the probability of 60 llllU surplus 

water varies between 0,0 to 13.33, 0.00 to 30,77 and 0,0 to 63,63 percent, respectively in arid, 

semi arid and humid areas. The results also revealed that chances of 100 nUll surplus water 

are very low (probability < 10 percent) in arid areas followed by semi arid areas (probability 

up to 26.92 percent), However, in humid areas the chances of 100 mm surplus water in the 

mid season are high (probability up to 59.09 percent), 

Thus, the results of surplus water availability III different agro-climatic zones 

(Tables 4, 13a to 4.13p) indicate that there are chances of getting excess water in rainy season 

in all the zones, which can be effectively harvested and used in water deficit periods. 

4.4 DROUGHT CHARACTERIZATION 

The nature of drought depends upon the amount and distribution of rainfall and its 

matching with the crop-water need. Drought occurs due to deficit of water, which happens 

when precipitation fails to meet the water need or the evaporative demand. For 

characterization of drought in different zones, intensity and duration of drought has been 

detemlined by the use of aridity index (Ia) anomalies estimated on weekly and annual basis. 
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Table 4.13a Probability (%) of surplus water during rainy season at Kothara 

Std. met. Surplus water 
week 20 mm 40mm 60mm SOmm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 
25 3.33 3.33 3.33 3.33 3.33 
26 3.33 3.33 3.33 3.33 3.33 
27 3.33 3.33 3.33 3.33 3.33 
28 15.38 11.54 11.54 11.54 7.69 
29 10.00 10.00 6.67 6.67 6.67 
30 16.67 13.33 13.33 10.00 10.00 
31 6.67 6.67 6.67 6.67 6.67 
32 10.00 10.00 10.00 3.33 3.33 
33 6.67 3.33 0.00 0.00 0.00 
34 0.00 0.00 0.00 0.00 0.00 
35 10.00 6.67 6.67 0.00 0.00 
36 10.00 10.00 6.67 6.67 6.67 
37 10.00 3.33 3.33 3.33 3.33 
38 10.00 6.67 0.00 0.00 0.00 
39 0.00 0.00 0.00 0.00 0.00 
40 6.67 6.67 0.00 0.00 0.00 

Table 4.13b Probability (%) of surplus water during rainy season at Radhanpur 

Std. met. Surplus water 
Week 20 mm 40mm SOmm 80mm 100mm 

23 0.00 0.00 0.00 0.00 0.00 

24 0.00 0.00 0.00 0.00 0.00 
25 9.09 9.09 4.54 0.00 0.00 

26 0.00 0.00 0.00 0.00 0.00 

27 0.00 0.00 0.00 0.00 0.00 

28 4.54 4.54 4.54 4.54 4.54 

29 9.09 9.09 9.09 9.09 9.09 

30 9.09 9.09 9.09 4.54 4.54 

31 9.09 4.54 0.00 0.00 0.00 

32 4.54 4.54 0.00 0.00 0.00 

33 0.00 0.00 0.00 0.00 0.00 

34 9.09 9.09 9.09 9.09 4.54 

35 9.09 9.09 9.09 4.54 4.54 

36 0.00 0.00 0.00 0.00 0.00 

37 9.09 9.09 4.54 4.54 4.54 

38 0.00 0.00 0.00 0.00 0.00 

39 0.00 0.00 0.00 0.00 0.00 

40 0.00 0.00 0.00 0.00. 0.00 
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Table 4.13c Probability (%) of surplus water during rainy season at Rajkot 

Std. met. Surplus water 

week 20mm 40mm 60mm BOmm 100mm 

23 0.00 0.00 0.00 0.00 0.00 

24 0.00 0.00 0.00 0.00 0.00 

25 3.85 3.85 3.85 3.85 3.85 

26 11.54 11.54 7.69 7.69 0.00 

27 3.85 3.85 3.85 0.00 0.00 

28 7.69 7.69 7.69 7.69 7.69 

29 19.23 11.54 11.54 3.85 3.85 

30 23.07 15.38 15.38 7.69 3.85 

31 19.23 11.54 3.85 3.85 0.00 

32 23.07 15.38 7.69 7.69 7.69 

33 7.69 7.69 0.00 0.00 0.00 

34 7.69 7.69 3.85 0.00 0.00 

35 3.85 3.85 3.85 3.85 3.85 

36 3.85 3.85 3.85 3.85 0.00 

37 3.85 3.85 3.85 3.85 3.85 

38 0.00 0.00 0.00 0.00 0.00 

39 0.00 0.00 0.00 0.00 0.00 

40 3.85 0.00 0.00 0.00 0.00 

Table 4.13d Probability (%) ofsm'plus water during rainy season at Aml"eli 

Std. met. Surplus water I 
Week 

',--------

20 mm 40mm 60mm 80mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 6.67 0.00 0.00 0.00 0.00 
25 10.00 6.67 6.67 6.67 3.33 
26 10.00 6.67 6.67 6.67 6.67 
27 6.67 3.33 3.33 3.33 3.33 
28 16.67 13.33 13.33 6.67 6.67 
29 13.33 10.00 6.67 3.33 3.33 
30 20.00 13.33 13.33 10.00 6.66 
31 10.00 10.00 6.67 3.33 3.33 
32 10.00 6.67 6.67 6.67 6.67 
33 13.33 6.67 0.00 0.00 0.00 
34 6.67 6.67 3.33 3.33 0.00 
35 16.67 16.67 6.67 6.67 3.33 
36 13.33 13.33 6.67 6.67 3.33 
37 '6.67 3.33 3.33 0.00 0.00 
38 6.67 6.66 3.33 0.00 0.00 
39 13.33 6.66 3.33 3.33 0.00 
40 3.33 0.00 0.00 0.00 

"-r---~--"-

0.00 --
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Table 4.13e Probability (%) of surplus water during rainy season at SK Nagar 

Std. met. Surplus water 
week 20mm 40mm 60mm 80mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 
25 0.00 0.00 0.00 0.00 0.00 
26 10.00 10.00 10.00 3.33 3.33 
27 6.67 6.67 6.67 6.67 6.67 
28 23.33 20.00 20.00 20.00 16.67 
29 10.00 6.67 6.67 6.67 3.33 
30 23.33 13.33 13.33 13.33 13.33 
31 16.67 13.33 10.00 6.67 6.67 
32 26.67 16.67 13.33 6.67 3.33 
33 23.33 20.00 16.67 13.33 6.67 
34 10.00 10.00 10.00 10.00 10.00 
35 20.00 16.67 13.33 3.33 0.00 
36 16.67 10.00 6.67 6.67 6.67 
37 10.00 10.00 6.67 0.00 0.00 
38 6.67 6.67 3.33 3.33 3.33 
39 0.00 0.00 0.00 0.00 0.00 
40 3.33 3.33 3.33 3.33 3.33 

Table 4.13f Probability (°1«1) of surplus water during rainy season at Khedbrahma 

Std. met. Surplus water 
Week 20mm 40 mm 60mm 80mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 
25 0.00 0.00 0.00 0.00 0.00 
26 11.54 7.69 7.69 7.69 7.69 
27 15.38 15.38 --

11.54 11.54 3.85 
28 26.92 

-_._ 
26.92 19.23 11.54 7.69 

29 11.54 11.54 7.69 7.69 3.85 
30 42.30 30.77 23.07 7.69 3.85 
31 57.69 46.15 38.46 23.07 23.07 
32 30.77 23.07 23.07 11.54 3.85 
33 30.77 23.07 19.23 11.54 3.85 
34 34.61 23.07 19.23 11.54 11.54 
35 23.07 23.07 23.07 23.07 15.38 
36 11.54 7.69 7.69 7.69 7.69 
37 11.54 11.54 7.69 7.69 3.85 
38 3.85 3.85 3.85 3.85 3.85 
39 7.69 0.00 0.00 0.00 0.00 
40 0.00 0.00 0.00 0.00 0.00 

"-
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Table 4.13g Probability (%) of surplus water during rainy season at Arnej 

Std. met. Surplus water 

week 20mm 40mm 60mm 80 mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 

24 0.00 0.00 0.00 0.00 0.00 

25 4.54 0.00 0.00 0.00 0.00 

26 4.54 4.54 4.54 4.54 4.54 

27 4.54 4.54 4.54 4.54 4.54 

28 9.09 9.09 9.09 4.54 4.54 

29 18.18 18.18 13.63 13.63 13.63 

30 13.63 9.09 9.09 4.54 0.00 

31 13.63 13.63 9.09 9.09 0.00 

32 18.18 13.63 9.09 0.00 0.00 

33 13.63 9.09 9.09 4.54 4.54 

34 13.63 13.63 9.09 9.09 9.09 

35 13.63 13.63 0.00 0.00 0.00 

36 13.63 9.09 9.09 9.09 4.54 

37 4.54 0.00 0.00 0.00 0.00 

38 0.00 0.00 0.00 0.00 0.00 

39 0.00 0.00 0.00 0.00 0.00 

40 4.54 0.00 0.00 0.00 0.00 

Table 4.13h Probability (%) of surplus water during rainy season at Dhandhuka 

Std. met. Surplus water 
Week 20mm 40mm 60mm 80 mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 
25 4.54 4.54 4.54 0.00 0.00 
26 4.54 4.54 4.54 4.54 4.54 
27 0.00 0.00 0.00 0.00 0.00 -28 0.00 0.00 0.00 0.00 0.00 
29 0.00 0.00 0.00 0.00 0.00 
30 0.00 0.00 0.00 0.00 0.00 
31 10.00 6.67 6.67 0.00 0.00 
32 3.33 3.33 0.00 0.00 0.00 
33 6.67 6.67 3.33 3.33 3.33 
34 10.00 3.33 0.00 0.00 0.00 
35 3.33 0.00 

-
0.00 0.00 0.00 

36 10.00 3.33 3.33 3.33 3.33 
37 3.33 0.00 0.00 0.00 0.00 
38 10.00 6.67 6.67 3,33 3,33 
39 3.33 3.33 3.33 0.00 0.00 
40 3.33 3.33 3.33 3.33 3,33 
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Table 4.13i Probability (%) ofsm'plus water during rainy season at Junagadh 

Std. met. Surplus water 

Week 20 mm 40 mm GOmm SOmm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 

24 13.33 10.00 10.00 0.00 0.00 

25 10.00 6.67 6.67 6.67 6.67 

26 16.67 16.67 13.33 6.67 6.67 

27 23.33 16.67 16.67 16.67 16.67 

28 26.67 23.33 16.67 16.67 16.67 

29 33.33 33.33 30.00 23.33 20.00 

30 50.00 30.00 23.33 20.00 10.00 

31 33.33 30.00 20.00 16.67 10.00 

32 30.00 23.33 20.00 13.33 10.00 

33 20.00 16.67 13.33 13.33 6.67 

34 6.67 0.00 0.00 0.00 0.00 

35 20.00 16.67 13.33 3.33 3.33 

36 20.00 13.33 6.67 3.33 3.33 

37 10.00 6.67 6.67 6.67 3.33 

3S 3.33 3.33 3.33 3.33 3.33 

39 3.33 0.00 0.00 0.00 0.00 

40 6.67 6.67 6.67 3.33 3.33 

Table 4.13j Probability (%) of surplus water during I'ainy season at Mahuva 

Std. met. Surplus water 
Week 20mm 40 mm SOmm SOmm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 
25 4.54 4.54 4.54 0.00 0.00 
26 0.00 0.00 0.00 0.00 0.00 
27 4.54 0.00 0.00 0.00 0.00 
28 13.63 13.63 9.09 9.09 9.09 
29 13.63 9.09 

.--
4.54 4.54 4.54 

30 18.18 9.09 
-----~-

9.09 4.54 4.54 
31 13.63 4.54 4.54 4.54 4.54 
32 18.18 4.54 

,_ 
4.54 4.54 4.54 

33 4.54 0.00 0.00 0.00 0.00 
34 9.09 9.09 4.54 4.54 0.00 
35 9.09 4.54 4.54 4.54 4.54 
36 13.63 4.54 4.54 4.54 4.54 
37 9.09 4.54 0.00 0.00 0.00 
38 13.63 4.54 4.54 4.54 

--
4.54 

39 18.18 9.09 9.09 ---
9.09 9.09 

40 0.00 0.00 0.00 0.00 0.00 ._---" 
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Table 4.13k Probability (%) of surplus water during rainy season at Anand 

Std. met. Surplus water 

week 20mm 40 mm 60mm 80mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 

24 3.33 3.33 3.33 3.33 3.33 

25 0.00 0.00 0.00 0.00 0.00 

26 0.00 0.00 0.00 0.00 0.00 

27 6.67 6.67 6.67 6.67 6.67 

28 6.67 6.67 3.33 3.33 3.33 

29 10.00 10.00 10.00 10.00 6.67 

30 23.33 20.00 20.00 20.00 10.00 

31 33.33 30.00 26.67 20.00 20.00 

32 36.67 23.33 23.33 20.00 16.67 

33 36.67 33.33 30.00 23.33 20.00 

34 30.00 26.67 20.00 13.33 13.33 

35 30.00 26.67 23.33 20.00 20.00 

36 33.33 13.33 6.67 6.67 6.67 

37 33.33 23.33 16.67 10.00 10.00 

38 13.33 13.33 10.00 10.00 6.67 

39 10.00 6.66 3.33 0.00 0.00 

40 6.67 3.33 0.00 0.00 0.00 --

Table 4.131 Probability (%) of surplus water during rainy season at Nawagam 

Std. met. Surplus water 
week 20mm 40mm 60mm 80 mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 
25 7.69 3.85 3.85 3.85 3.85 
26 3.85 3.85 3.85 3.85 3.85 
27 3.85 3.85 3.85 0.00 0.00 
28 19.23 19.23 15.38 15.38 15.38 
29 23.07 23.07 23.07 19.23 19.23 
30 30.77 30.77 19.23 15.38 15.38 
31 34.61 30.77 30.77 30.77 26.92 
32 15.38 15.38 15.38 11.54 3.85 
33 26.92 19.23 19.23 15.38 

,,_ 
15.38 

34 23.07 23.07 23.07 15.38 15.38 
35 23.07 11.54 11.54 11.54 7.69 
36 30.77 23.07 3.85 3.85 3.85 
37 15.38 11.54 11.54 7.69 3.85 
38 7.69 3.85 3.85 3.85 3.85 
39 7.69 3.85 0.00 0.00 0.00 
40 0.00 0.00 0.00 0.00 0.00 
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Table 4.13m Probability (%) of surplus water during rainy season at Bharuch 

Std. met. Surplus water 

week 20mm 40mm SOmm SOmm 100 mm 

23 3.33 3.33 3.33 3.33 3.33 

24 3.33 3.33 3.33 0.00 0.00 

25 3.33 3.33 3.33 0.00 0.00 

26 23.33 20.00 20.00 13.33 13.33 

21 10.00 6.67 3.33 3.33 0.00 

28 23.33 23.33 20.00 13.33 13.33 

29 30.00 30.00 26.67 20.00 10.00 

30 26.67 20.00 16.67 13.33 10.00 

31 23.33 23.33 13.33 13.33 13.33 

32 33.33 23.33 16.67 10.00 10.00 

33 23.33 23.33 16.67 6.67 3.33 

34 30.00 13.33 13.33 3.33 3.33 

35 33.33 20.00 13.33 10.00 10.00 

36 26.67 23.33 23.33 20.00 16.67 

31 16.67 16.67 10.00 10.00 10.00 

38 16.67 13.33 10.00 10.00 6.67 

39 13.33 10.00 10.00 3.33 3.33 
40 3.33 3.33 3.33 0.00 0.00 

Table 4.13n Probability (%) of surplus water dUJ'ing rainy season at Surat 

Std. met. Surplus water 
week 20 mm 40mm 60mm 80mm 100 mm 

23 3.33 3.33 3.33 3.33 3.33 
24 10.00 6.67 3.33 3.33 3.33 
25 26.67 26.67 26.67 26.67 20.00 
26 26.67 26.67 20.00 20.00 16.67 
21 43.33 36.67 26.67 20.00 16.67 
28 43.33 36.67 33,33 26.67 26.67 
29 46.67 43.33 40.00 36.67 36.67 
30 46.67 30.00 20,00 16.67 16.67 
31 33.33 23.33 20,00 16.67 16.67 
32 36.67 30.00 23,33 20.00 

-_ 
20.00 

33 26.67 20.00 20.00 13.33 3.33 
34 26.67 20.00 13.33 10.00 10.00 
35 30.00 20.00 13,33 10.00 0.00 
36 20.00 16.67 13.33 13.33 10.00 
37 10.00 10.00 10.00 10.00 6.67 
38 13.33 6.67 0.00 0.00 0.00 
39 10.00 6.67 6.67 6.67 6,67 
40 3.33 3.33 3.33 3.33 3.33 
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Table 4.130 PJ"Obabj]ity (%) of surplus water during rainy season at N avsari 

Std. met. Surplus water 

week 20mm 40mm 60mm 80mm 100 mm 

23 3.33 3.33 3.33 3.33 3.33 

24 16.67 16.67 10.00 10.00 10.00 

25 33.33 26.67 23.33 23.33 20.00 

26 36.67 33.33 26.67 23.33 16.67 

27 46.67 46.67 40.00 30,00 30.00 

28 46.67 43,33 33.33 30.00 26.67 

29 60,00 56.67 50.00 46.67 46.67 

30 60,00 50.00 43.33 40,00 36.67 

31 46.67 33.33 33.33 26,67 20.00 

32 60.00 40.00 30.00 23.33 23.33 

33 43.33 30.00 26.67 20,00 20.00 

34 33.33 30,00 10.00 10.00 6,67 

35 43.33 36.67 26,67 20.00 10.00 

36 43.33 40.00 33.33 26.67 23.33 

37 20,00 16.67 13.33 10.00 6.67 

38 20.00 10.00 10,00 6.67 3.33 

39 20.00 16.67 16.67 13.33 13.33 

40 3.33 3,33 3.33 3.33 3.33 

Table 4.13p Probability (%) of surplus water during rainy season at Gandevi 

Std. met. Surplus water 
Week 20mm 40mm 60mm 80mm 100 mm 

23 0.00 0.00 0.00 0.00 0.00 
24 9.09 9.09 9.09 9.09 9.09 
25 27.27 27.27 22.72 18.18 13.63 
26 31.82 22.72 22.72 22.72 22.72 
27 40.90 22.72 18.18 18.18 18.18 
28 50.00 40.90 40.90 40.90 36.36 
29 72.72 68.18 63,63 63.63 59.09 
30 54.54 45.45 40.90 36.36 36.36 
31 63.63 45.45 31.82 22.72 18.18 
32 68.18 54.54 45.45 45.45 22.72 
33 68.18 36.36 

-_----
27.27 27.27 22.72 

34 45.45 40.90 27.27 22.72 9.09 
35 54.54 36.36 22.72 13.63 4.54 
36 40.90 31.82 22.72 13.63 9.09 
37 45.45 36.36 22.72 13.63 9.09 
38 31.82 22.72 18.18 9.09 9.09 
39 27.27 27.27 22.72 22.72 18.18 
40 0.00 0.00 0.00 0.00 0.00 
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4.4.1 Evaluation of Drought 

Drought characterization in different agro-climatic zones was done by selecting two 

stations from each zone. Drought years were identified and their intensities assessed from 

departure of annual aridity indices from the normal value. Taxonomy of droughts, on the basis 

of their intensity, using standard deviation technique as explained in Section 3.6 has been 

made for different zones of Gujarat and the results are depicted in Figure 4.6a to 4.6d. 

Drought years and their severities for different zones are given in Table 4.14. It is 

seen from Table 4.14 that disastrous droughts were observed at all the stations except Mahuva 

and Navsari. Droughts of other severities were observed in all the zones in random matlller. 

The percentage of drought years of various categories in different zones varies from 38.46 to 

50.00 per cent with an overall average of 43.09 per cent. Total drought years vary from 9 to 

15 durillg the study period in different zones, indicating the frequency of one drought year in 

every two to three years. 

Table 4.14 also reveals that total number of droughts of moderate, large, severe and 

disastrous severity in the state as a whole during 1974-2003, comes out to be 69 (36.32%), 

57 (30.00%), 49 (25.79%) and 15 (7.89%), respectively, indicating clearly a decreasing 

frequency of drought years with increasing severity. All the stations, except Mahuva and 

Navsari, experienced at least 1 disastrous drought during the study period. The frequency of 

occurrence of severe drought year varies from 1 at Junagadh and Dhandhuka to 6 at Amreli, 

while that of large drought year varies from 1 at Amreli and Mahuva to 6 at Surat. The 

frequency of occurrence of moderate drought year varies fr0111 2 at Rajkot and Amej to 6 at 

Amreli, Junagadh, Bhanlch and Navsari. This indicates that the drought incidences are not 

affecting all zones simultaneously but some parts of the region have experienced localised 

drought. However, in some years all zones of the state experienced droughty conditions and 

even in such years the drought severity varied from zone to zone. 

Diagrammatic presentation of drought years as shown III Figure 4.7 indicates a 

tendency of occurrence of droughts of varying intensities for 2 to 4 years in succession in 

different agro-climatic zones. Critical observation of Figure 4.7 indicates that droughts of 

different categories occurred in all the zones in 1986, 1987 and 1991, whereas 110 drought was 

experienced in 1975, 1976, 1983 and 1998 in any zone. 

These results indicate that drought of same category does not prevail simultaneously 

in all the agro-climatic zones but usually it occurs sporadically all over the state in a number 

of times. However, during some years all the zones experienced droughty conditions with 

varying severities. The results also indicate that droughts are not common only in arid and 

semi-arid climate but equally occur sporadically in sub-humid climate (Surat, Navsari and 

Gal1devi). 
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Fig.4.6a March of aridity index fol' Kothara, Radhanpur, Rajkot and Amreli 
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Fig.4.6b March of aridity index for S.K. Nagar, Khedbrahma, Arnej and Dhandhuka 
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4.4.2 Drought Severity and Duration 

Droughts usually result from the cumulative effect of a set of weather sequences 

developing over an extended period of time. Thus, drought may be either prolonged or short­

lived depending upon the nature and duration of water deficiency. Therefore, the year 1987 

during which drought occurred in all the agro-climatic zones was selected for detailed study 

in terms of durations and severities on \veekly basis, using cumulative deviation technique of 

Foley (1957) and categorized according to Malani (1981). Weekly cumulative deviation 

curves for different stations during 1987 are shown in Figures 4.8a and 4.8b. Duration and 

severity indices of drought spells in the kharif season during the year at different stations are 

given in Table 4.15. 

Figures 4.8a and 4.8b reveal that drought during 1987 was of large to severe type in 

24th to 26th smw in all the zones, except Surat and Navsari, which has delayed the sowing of 

crops. Table 4.15 clearly indicates that during the year all the stations have faced 2 to 3 

drought spells varying from 2 to 10 weeks of large to severe intensity, intensified in 

disastrous drought, during the main crop growing period. Surat (3ih SlllW onwards) and 

Navsari (35 th 
S1l1W onwards) have experienced moderate and large droughts, respectively. 

The cumulative deviation curves of the drought year (Figures 4.8a and 4.8b) 1Il 

different agro-climatic zones in general indicate that different category droughts of varying 

durations prevail simultaneously all over the state. The devastating drought of 1987 was 

considered for the study of spatial and temporal variability of water deficit and is discussed in 

Section 4.8.5. 

4.5 FREQUENCY ANALYSIS OF EXTREME WATER DEFICIT DATA 

Peak values of any hydrological variables are important from design and planning 

point of view, as it is the extreme, which plays a deciding roJe in success or failure of any 

design. In agriculture, the high severity plays a crucial role because of its devastating effects 

on the crop gro\vth. With this in view, using three distributions such as log Pearson type-III, 

Gumbel and Weibull (maxima) the extreme weekly water deficit data during crop growing 

season were analysed. Chi-square test <X2
) for goodness of fit of the observed data to the 

theoretical distribution was also performed. The distribution that gave the lowest Chi-square 

value has been selected as the best distribution for that location. 

4.5.1 Test of Adequacy of Record 

The test of adequacy of length of records was carried out using Mockus (1960) model 

(Equation 3.18). The results of adequacy of length of record (Table 4.16) indicate that water 

deficit data considered for extreme value analysis is adequate, as required length of record for 

each station is within the range of data considered for the respective station. 
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Table 4.15 Duration and severity indices of drought spell during the kharif season of 
1987 in different agro-climatic zones of Guj arat 

DroughtspeU Drought 
Severity Drought 

Station period duration, 
index category 

Std. met. week weeks 

Kothara 24-40 17 19.71 Large 

Radhanpur 24-40 17 21.30 Severe 

Rajkot 24-40 17 21.91 Severe 

24-32 9 19.62 Large 
Amreli 

35-40 6 
r--

21.50 Severe 

24-32 9 33.90 Severe 
SKNagar 

34-40 7 Severe 22.00 

24-27 4 29.40 Severe 

Khedbrahma 30-33 4 15.70 Large 

36-40 5 16.80 Large 

24-26 3 15.18 Large 

Amej 28-32 5 10.65 Large 

35-40 6 14.30 Large 

23-25 3 24.35 Severe 

Dhandhuka 27-31 5 22.10 Severe 

35-40 6 15.90 Large 

23-31 9 18.50 Large 
Junagadh 

33-40 8 Large 17.20 

Mahuva 
29-31 3 10.40 Large 

35-40 6 13.00 Large 

24-25 2 37.80 Severe 

Anand 28-32 5 14.40 Large 

36-40 5 9.58 Moderate 

Nawagam 
23-32 10 25.90 Severe 

35-40 6 12.23 Large 

24-26 3 19.60 Large 
Bharuch 30-32 3 8.77 Moderate 

36-40 5 11.10 Large 
Surat 37-45 9 9.49 Moderate 

Navsari 
23-25 3 9.36 Moderate 
35-40 6 10.40 Large 

Gandevi 
23-30 8 21.57 Severe 
36-40 5 9.12 Moderate 
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Table 4.16 Adequacy oflength of records for frequency analysis of water deficit data at 
different stations 

Water deficit100 yr, 
Water Student's t Require!) len~rth of 

StHtion 
mm 

deficitzyr, R=WD100yr1WD2yr value record, years 
mm 

Kothara 62.28 26.49 2.35 1.86 14.62 

Rlldhanl1ur 53.98 25.14 2.15 1.895 13.11 
Rajkot 65.13 28.89 2.25 1.86 14.06 
Aml'eli 50.52 15.32 3.30 1.753 21.24 
SK Nagar 55.46 18.42 3.(l! 1.771 19.26 
Khcdbrahma 39.04 12.95 3.n 1 1.771 19.29 
Arnej 53.79 19...1-9 2.76 1.796 17.55 
Dhandhuka 50.56 18.49 2.73 1.796 17.34 
Junaj;!adh 52.60 17.94 2.93 1.782 18.78 
Mahuva 56.57 22.56 2.51 1.833 15.72 
Anand 48.05 12.98 3.70 1.734 23.98 
Nawagam 49.69 12.79 3.89 1.729 25.1 
Bharuch 50.82 21.64 2.35 1.86 14.73 
Surat 38.33 10.06 3.81 1.734 24.75 
Navsari 37.70 9.95 3.79 1.734 24.62 

4.5.2 Frequency Distribution of Water Deficit 

A computer based routine, called VTFIT was used for fitting the weekly extreme 

water deficit data to the selected distributions. The best fit probability distribution with 

corresponding Chi-square values for maximum weekly water deficit at different stations are 

presented in Table 4.17. 

Results from Table 4.17 reveal that all the selectcd probability distributions fit the 

extreme weekly water deficit data well, since their Chi-square values are within the critical 

limits at 0.05 level of significance. 

To arrive at best probability model for determining seasonal maximum weekly water 

deficit in different agro-climatic zones, the distributions with lowest Chi-square value were 

sorted out (highlighted in Table 4.17). Results of best-fit frequency distribution revealed that 

at Radhanpur, Amreli, Khedbrahma, Arnej, Anand, Bhamch and Navsari only log Pearson 

type-III distribution; at Dhandhuka, Junagadh, Mahuva, Nawagam and Surat only Weibull 

(maxima) distribution and at Kothara only Gumbel distribution fitted closest to the observed 

data. Log Pearson type-III and Gumbel distribution gave closest fit to the observed data at 

SK Nagar. All the three distributions fitted closest to the observed data at Rajkot. The 

comparison of Chi-square test of best fit distributions clearly indicates that log Pearson type­

III distribution is the best probability model for predicting weekly maximum water deficit at 

Radhanpur, Rajkot, Amreli, SK Nagar, Khedbrahma, Amej, Anand, Bhamch and Navsari. 

Weibull (maxima) fitted best at Dhandhuka, Junagadh, Mahuva, Nawagam and Surat while 

Gumbel at Kothara. 
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Table 4.17 Best fit frequency distribution for obsel'ved weekly maximum water 
deficit 

Log Pearson n'pe III Gumbel(maxima) Wcibull(maxima) 
Station 

Chi-square (;()value 

Kothara 2.0 1.2 l.6 

Radhanpur 1.2 l.6 4.4 

Ra.ikot 1.2 1.2 1.2 
Amrcli 6.8 10.8 13.2 

SK Nagar 2.8 2.8 6.4 

Khedbrahma 4.8 9.6 24.0 

Arnej 6.8 10.8 13.2 

Dhandhuka 8.0 S.O 4.8 
.Jun:~Hfh 2.8 3.2 1.6 
Mahuva 6.0 6.8 4.0 
Anand 6.8 8.0 7.6 

Nawagam 8.2 8.4 7.2 

Bharuch 4.0 9.2 7.6 

Surat 5.2 4.4 3.2 

Navsari 2.U 4.0 2.1 

Chi-square (i) value for DF=5 Tabulated value at 5%, = 11.1 ~md at 1 % = 15.1 

Table 4.18 Prcdicted weekly maximum water dcficit for diffcl'cnt .. ctUn! periods using 
best-fit distrbution for different agl'o-climatic zones of Gujarat 

Return period, years 2 10 20 30 40 50 100 

Station Probability, % 50.00 10.00 S.OO 3.33 2.50 2.00 1,00 

Maximum water deficit, mm weeki 

Kothara 26.49 31.39 34.29 36.44 38.29 42.04 62.28 

Radhanpur 25.14 30.00 33.35 36.05 38.57 41.14 53.98 
Rajkot 28.89 34.21 38.31 41.51 44.42 47.30 65.13 
Amreli 15.32 22.14 26.38 29.49 32.29 34.99 50.52 
SK Nagar IS.42 24.15 28.19 31.53 34.71 37.97 55.46 
Khedbrahma 12.95 16.52 19.12 21.31 23.43 25.66 39.04 
Arnej 19.49 22.77 25.27 27,45 29.60 3l. 91 53.79 
Dhandhllka 18.49 23.54 26.96 29.72 32.32 34.98 50.56 
Junagadh 17.94 25.60 30.23 33.69 36.72 39.61 52.60 
Mahuva 22.56 26.93 29.76 31.97 33.97 35.96 56.57 
Anand 12.98 IS.24 21.64 24.30 26.75 29.15 48.05 
Nawagam 12.79 19.15 23.26 26.47 29.40 32.30 49.69 
Bhamel) 21.64 24.94 27.44 29.56 31.71 33.96 50.82 
Surat 10.06 14.80 18.00 20.59 23.03 25.52 38.33 
Navsari 9.95 16.03 20.57 24.09 27.18 30.09 37.70 

Frequency distributions of weekly maximum water deficit at different return periods 

obtained by using the best probability model selected above are shown in Figure 4.9. 

Predicted weekly maximum water deficit for different retum periods for different agro­

climatic zones of Gujarat are given in Table 4.18. Weekly maximum water deficit obtained 

from the long term historical data can be used for designing of protect ivel life saving irrigation 

systems and water resource structures in drought prone areas of Gujarat. 
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4.6 ESTIMATION OF WATER DEFICIT USING ARTIFICIAL NEURAL 
NETWORKS 

The mcan weekly meteorological data for 22 to 30 years was used for this analysis. 

The data up to the year 2002 was used for training the network and the data for the year 2003 

\vas used for validation. The input vector included maximum and minimum temperature, 

maximum and minimum relative humidity, wind speed, bright sunshine hours and rainfall. 

The output vector consisted of water deficit data. The methodology given in Section 3.10 was 

adopted for the analysis. A developed software program was nlll with the help of MA TLAB 

6.0 software. The results obtained are described in the following sub sections: 

4.6.1 Training of Artificial Neural Networks 

The principal component analysis has not reduced the size of the input vector, which 

shows that there is no redundancy in the data set. The data in respect of number of neurons in 

a hidden layer, number of epochs and the mean square error (MSE) for training data set arc 

given in Table 4.19. 

Table 4.19 Artificial Neural Network architecture with epoch and mean square error 
for training data set 

S. No. Station Architecture No. of cpoch 
Training data set mcan s(lual'c 

crror 

1 Kothara 7 - 4 - 1 22 0.0029 

2 Radhanpur 7 - 4 - 1 39 0.0032 

3 Rajkot 7-4-1 46 0.0006 

4 Amreli 7-4-1 74 0.0011 

5 SK Nagar 7-4-1 47 0.0046 

6 Khedbraluna 7-4-1 2)) 0.0046 

7 Amej 7 - 4 - 1 45 O.O()47 

8 Dhandhuka 7 - 4 - 1 28 0.0045 

\) Junagadh 7 - 4 - 1 28 O.O()63 

10 Mahuva 7 - 4 - 1 29 O.O()6Y 

11 Anand 7-4-1 29 0.0036 

12 Nawagam 7 - 4 - 1 51 O.O()45 

13 Bhamch 7 - 4 - 1 31 0.0015 

14 Surat 7 - 4 - 1 42 0.0029 

15 Navsari 7 - 4 - 1 25 (l.OO59 

16 Gandevi 7-4-1 38 0.0046 

It is observed from the Table 4.19 that 7 - 4 - 1 architecture is enough for training the 

network for all the stations, The numbers of epochs were found to vary between 22 at Kothara 

to 74 at Ainreli. The training data set mean square error also varied from 0.0011 to 0.0069, 

which indicated proper training of the network. The error variation with each epoch of 
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training, validation and test set, variation of weekly observed water deficit (DEF) and ANN 

predicted water deficit (DEF ANN) and relationship between weekly observed water deficit 

(DEF) and ANN predicted water deficit (DEF ANN) are graphically presented in Figures 4.1 Oa 

to 4.l0d, 4.l1a to 4.11d and4.12a to 4.12d, respectively. It is seen from the Figures 4.10a to 

4.10d that the test set enor and validation set error have similar characteristics and do not 

show occurrence of any significant over fitting for any station. This also represents that the 

network is properly generalized and it can estimate the water deficit for new input data. 

It is also observed that the ANN predicted water deficit (DEF ANN) and observed water 

deficit (DEF) shows similar trend for all the weeks for different stations. The results of the 

regression analysis show that the correlation coefficients vary between 0.973 for Mahuva to 

0.9961 for Radhanpur, which indicate that the network has accurately estimated the water 

deficit and the provided architecture is adequate for the network. 

4.6.2 Validation of Artificial Neural Networks 

The weekly water deficit data for the year 2003 were used for validation of the 

trained network. For this purpose maximum and minimum temperature, maximum and 

minimum relative humidity, wind speed, bright sunshine hours and rainfall data were given as 

input to the network to obtain predicted water deficit. The predicted water deficit results were 

compared with the observed water deficit for the year 2003. The variation and relationship 

between weekly observed water deficit and generated water deficit by ANN for the year 2003 

for different stations are given in Figures 4.13a to 4.l3d and 4.l4a to 4.l4d, respectively. It is 

seen from the Figures 4.13a to 4.l3d and 4.14a to 4.14d that the ANN has predicted water 

deficit reasonably accurate for all the stations. The correlation coefficients vary between 

0.7228 at Radhanpur to 0.9392 at Junagadh which were found to be significant at 5% level of 

significance. The regression line in general is closer to 1: 1 line in all the cases. 

4.7 STOCHASTIC MODELLING OF WATER DEFICIT 

Weekly water deficit values for the selected sixteen stations vary from twenty 

(1982·2001) to twenty eight years (1974 - 2001) were estimated using Thornthwaite and 

Mather (1955,1957) procedure as described in Section 3.5. Water deficit data were analysed 

using time series analysis techniques and a stochastic weekly water deficit generator was 

developed. The time series of weekly water deficit was assumed to be composed of 

deterministic component and stochastic component. 

The mathematical procedure of stochastic modelling as described in Section 3.11 has 

been used in investigating the structure of time series of weekly water deficit for the different 

agro-climatic zones of Gujarat. The weekly water deficit series were tested for its stochastic 

behavior. The presence of trend component in series was examined using turning pointtest 
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Fig.4.13b Variation between weekly observed and predicted water deficit by ANN 
for the year 2003 for SK Nagar, Khedbrahma, Amej and Dhandhuka 
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Fig.4.13c Variation between weekly observed and predicted water deficit by ANN 
for the year 2003 for Junagadh, Mahuva, Anand and Nawagam 
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and Kendall' s rank correlation test. The periodic component in the series was modelled by 

Fourier series analysis and the residuals from the Fourier series were modelled using an 

autoregressive model. The results are presented as under: 

4.7.1 Statistical Characteristics of Watel' Deficit Series 

Some of the statistical characteristics of weekly water deficit senes used for 

stochastic modelling for the eight agro-climatic zones of Gujarat are computed and presented 

in Tables 4.20a to 4.20p. The mean \veek1y water deficit series, as shown in Tables 4.20a to 

4.20p_ in different agro-climatic zones varied from 13.45 mm in 29th standard meteorological 

week (smw) to 53.68 mm (19t11 smw) at Kothara, 11.60 mm (31 st smw) to 60.61 mm 

(21 st Sl11w) at Radhanpur, 5.62 mm (29th smw) to 65.48 nun (20
th 

smw) at Rajkot, 6.39 nun 

(33 rd Sl11w) to 58. I 3 mm (21 st smw) at Amre1i, 6.97 111m (31 st smw) to 51.96 m111 (21 sl smw) at 

SK Nagar. 1.70 mm (29th smw) to 50.20 mm (21 st smw) at Khedbrahma, 2.85 mm (32
nd 

smw) 

to 60.51 nUll (20th sun\") at Amej, 5.38 111m (32ntl smw) to 58.53 mm (20
th 

smw) at 

Dhandhuka, 1.92 mm (33 fd smw) to 51.88 mm (l9th smw) at Junagadh, 5.03 111111 (31
st 

smw) to 

46.23 mm (18 th smw) at Mahuva, 1.95 111m (33 fd smw) to 47.22 mm (21 st smw) at Anand, 

1.56 m111 (33 fd sm\\I') to 56.38 mm (21 st 
S111W) at Nawagam, 2.23 mm (32 nd smw) to 50.34 mm 

(19th S111W) at Bharuch, 0.86 nun (32ml S111W) to 46.10 111111 (l8 th smw) at Surat, 0.51 111111 

(31"t sn1\v) to 45.40 mm (l91h S111W) at Navsari and 0.02 111m (32ml S111W) to 41.40 mm 

(21o;t SIllW) at Gandevi, respectively. No Large variability among the weekly values of water 

deficit of different years was observed. This is further confirmed by the lower value of 

estimated standard deviations (SD), 

The standard deviation of weekly water deficit ranged from 2.02 mm (6 th smw) to 

17.99111m (25 th smw) at Kothara, 1.93 mm (5 th smw) to 19,78 mm (25 th smw) at Radhanpur, 

4.33 nml (2
nd 

SIllW) to 28.25 mm (25th smw) at Rajkot, 4.93 nUll (8th Sl11w) to 22.42 n1111 

(25
th 

SUl\\!) at Amn::li, 2.48 mm (6th smw) to 23.91 111m (24th Sl11W) at SK Nagar, 2.40 mm 

( t:lh d -2nd ) ] 7 8 (2 -th d Ih 
II an) SI11W to . 111m ) an 26 slmv) at Khedbrahma, 2.94 mm (1 sl smw) to 

24.22 mm (25
th 

smw) at Amej, 3.07 mm (51 st smw) to 23.58 111m (23fd Sl11w) at Dhandhuka, 

3.80 mm (2
nd 

Sn1\v) to 20.51 mm (23 fd smw) at Junagadh, 3.74 nUll (131h smw) to 18.05 mm 

(25
th 

Sl11w) at Mahuva, 2.3 hum (6th smw) to 22.30 mm (25 th sl11w) at Anand, 3.07 l11m 

(lst smw) to 24,02 mm (25 th sl11w) at Nawagam, 4.00 mm (33 ftl smw) to 21.67 mm (24th S111W) 

at Bharuch, 2.25 mm (32
nd 

smw) to 19.46 mm (24th smw) at Surat, 2.85 mm (35 th smw) to 

17.25 mm (23
rd 

Sl11w) at Navsari and 0.06 mm (32nd smw) to 13.61 111m (25 th smw) at 

Gandevi, respectively, during the entire year. 

Values of coefficient of variation (CV) as presented in Tables 4.20a to 4.20p indicate 

that they are greater than zero at all the stations, which shows the importance of time 

variability of weekly water deficit series. Further, the values of coefficient of variation 
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Table 4.20a Statistical characteristics of weekly water deficit series at Kothara (1974-01) 

Mean, SD, CV, 
Mean, SD, CV, 

Week mm mm 0/. Skewness Kurtosis Week mm mm D/D Skewness Kurtosis 
week·! week·' week·! week·' 

1 23.55 4.96 21.06 -2.23 5.28 27 25.30 14.16 55.99 -1.D1 -0.64 

2 2193 2.25 9.39 -0.51 1.74 28 19.93 14.73 73.88 -D.22 -1.49 

3 25.66 2.51 9.77 -056 0.24 29 13.45 14.55 ID8.14 0.54 -1.46 

.:J 2615 2.:)') 9.15 -0. OJ 0.34 30 17.88 14.62 81.79 -Il.! 0 -1. 71 

5 2(i 79 6.30 23.51 -323 12.36 31 15.60 14.11 90.44 (l.21 -1.72 

6 3D.27 2.02 6.67 D.14 n.M! 32 16.15 15.00 92.94 0.25 -1.54 

7 3Um 245 7.70 0.72 2.07 33 16.49 14.15 85.85 0,26 -1.28 

8 33.85 3.51 10.38 -0.87 OJ5 34 ' 17.59 12.92 73.46 0,07 -1.38 

9 34.87 3.28 9.42 -0.98 1.13 35 20.75 12.56 60.55 0.00 -0,75 
I() 38.41 4.45 11.60 1.33 4.52 36 22.76 12.92 56.76 -0.63 -0.63 

11 4(l.O2 2.49 6.22 -0.57 2.38 37 23.06 13.57 58.85 -11.54 -0.84 
12 .:J150 2.711 6.51 -rJ.211 -D.1l3 38 25.34 11.72 46.24 -n.77 -0.29 

11 46.21 3.14 6.81 n.77 J(lS 39 25.06 9.60 38.31 -1l.85 (l(l] 

14 46.82 2.54 5,43 -OJ5 1.50 40 29.36 7.97 27.13 -2.(B 5.99 
IS 47.83 3.21 6.71 -0.11 D.71 41 27.47 8.63 31.43 -2.48 6.28 
16 48.25 3.22 6.67 O.ll 0.79 42 26.14 10.03 38.38 -1.76 2.63 
17 49.31 3.61) 7.30 -0.89 1.01 43 27.88 6.76 24.25 -2,76 10.72 
18 52.44 11.87 22.64 -2.28 13.00 44 28.39 8.08 28.48 -2.79 8.18 
It:) 53.68 5.12 9.53 -1.94 5.19 45 28.09 6.57 23.38 -2.94 8.68 
20 52.28 4.74 9.06 -1).54 -O.D2 46 24.74 6.93 28.03 -2.26 5.71 
21 49.61 lD.24 20.64 -4.49 22.17 47 25.38 3.92 15.44 -2.11 5.15 
22 47.22 9.57 20.27 -3.03 11.01 48 25.53 4.28 16.75 -0.68 2.00 
23 44.89 10.44 23.25 -2.52 6.68 49 24.82 3.34 13.47 -0.63 0.99 
24 31:L25 1370 35.81 -2.04 3.38 50 24.17 2.63 10.88 -0.82 0.43 
25 31<-13 17.99 57.24 -0.83 -(j 98 51 24.79 1.15 12.70 -0.63 1.60 
26 33.45 14.38 43.()U -1.40 1.12 52 23.42 2.83 12.07 0.01 -0.56 

Table 4.20b Statistical characteristics of weekly water deficit series at Radhanpur (1982-01) 

Mcan, SD, CV, Mean, SD, CV, Wec1, mm mm Skmvllcss Kurtosis Week mill mm Skewness Kurtosis 
week· l week·! 0/. 

WCCI(l week·l O/D 

I 23.04 2.07 8.99 l1.1 I -0.24 27 28.68 19.22 67.02 -0,33 -1.62 
2 23.69 2.12 8.95 0.31 0.36 28 24.11 17.74 73.6] -D. 11 -1.22 
3 24.24 1.99 8.23 0.92 201 29 13.89 16.64 119.74 0.65 -1.34 
4 26.46 2.58 9.74 -0,28 2.15 30 15,27 17.22 112,78 0.77 -0.96 

t1- 27.78 1.93 6.97 -0.67 -0.57 31 11.60 16.00 137.99 1.51 1.41 
30.06 2.50 8.33 -0.13 0.65 32 13.43 13.67 101.80 0.87 -0,35 
31.9'1 2.97 9.29 1.39 1.47 33 13.59 14.40 105.97 1.26 (},57 

X 33.88 2.57 7.59 -O.OlJ -0.35 34 15.60 13.70 87,81 (l,58 -0.58 
l) 3-171 5.19 14.94 -2.65 9.31 35 18.71 13.82 7388 0.31 -0.54 
]U 38.')3 3.15 8.35 2.19 6.84 36 21.75 12.22 56.22 -11.43 -0.91 
1\ 41.91 2.\9 5.23 n.46 -0.24 37 24.47 14.Dl 57.24 -0.66 -0,82 
12 44,47 3.21 7.22 n.34 0.36 38 25.34 15.1 I 59.61 -0.55 -1.21 
13 46.49 4.05 8.71 1.09 0.75 39 25.44 12.98 51.02 -OJI -1.15 
14 49.15 3.20 6.52 -0.07 0.23 40 29.36 lO,05 34.22 -1.15 (l.90 
15 51.43 4.24 8.25 -1.24 5.19 41 29.44 9.48 32,19 -1.50 3.76 
16 52.93 3.21 6.06 0.20 -1.26 42 28.62 8.86 30.96 -1.99 5.10 
17 56.50 5.25 9.28 2.20 6.87 43 28.22 6.54 23.16 -3.21 12.27 
J8 57.89 4.72 8. IS -0.09 -0.47 44 28.61 5.58 19.49 -2.95 10,99 
19 56.86 14.53 25.56 -341 13.49 45 26.40 7.70 29,16 -2.65 7,60 
2IJ 60.37 7.44 12.32 -2.75 9.97 46 25.48 6.22 24.43 -1.44 111 21 60.(il 5.97 9.85 -1.47 3.16 47 24M 4.08 16.68 -2.05 4.09 22 56.47 10.62 18.80 -2.02 4.58 48 24.10 3.78 15.69 -106 0.87 23 55.63 11.0] 19.79 -3.04 10.97 49 24.16 3.97 16.45 -0,21 -0.32 24 42.91 18.63 43.43 -1.20 0.93 50 22.55 3.11 13.77 -0.94 0.92 25 43.69 19.78 45.27 -l.66 1.56 51 23.64 2,85 12,04 -0.73 0,75 26 40.64 15.22 37.45 -1.05 0.29 52 22.39 2,71 12.11 -(l,06 -1.13 
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Table 4.20c Statistical characteristics of weekly water deficit series at Rajkot (1978-01) 

MClin, SD, CV, 
Mean, SD, CV, 

Week mm mm % Skewness Kurtosis Week mm mm % 
Skewness Kurtosis 

week-! week'! weekI week-' 

1 23.54 5.20 22.07 -0.19 0.63 27 15.85 21.76 137.28 1.10 -0.23 

2 24.52 4.33 17.67 0.44 -U.27 28 12.99 16.60 127.82 1.45 1.72 
3 26.23 5.01 19.08 0.72 1.15 29 5.62 7.93 141.05 1.73 3.44 
-I 27.66 4.-13 16.02 O.2S 1.24 30 10.19 14.35 140.76 1.08 -0.19 

5 30.06 5.38 17.89 0.28 -0.70 31 9.54 15.25 159.74 2.38 6.89 
(, 32.02 4.78 14.94 () 81 0.H2 32 8.00 11.94 149.37 1.81 2.93 
7 ~2.73 4.H6 14.84 0.51 0.15 33 7.50 9.65 128.70 1.58 1.87 
8 35.71 4.51 12.62 () 28 -11.24 34 'lAO 12.26 130.47 Ij[J 1.50 
9 38.73 5.1l9 13.16 -0.33 -0.39 35 11.53 13.14 114.04 U8 1.10 
10 41l.82 5.74 14JJ6 OQ7 OAI 36 ] 5.80 14.01 88.67 1.04 0.36 

11 43.92 5.1l5 11.49 -0.68 1.09 37 12.79 11.85 92.72 1.21 1.80 
12 45.76 6.62 14.47 -n.21 -0.65 38 15.95 15.00 94.04 0.82 0.22 

13 47.77 6.35 13.30 0,37 0.57 39 14.30 14.21 99.41 0.90 U.28 
14 50.69 5.74 11.32 -0.27 -0.39 40 18.59 13.14 70.66 0.35 -0.31 
15 53.49 5.29 9.S9 -0.45 0.46 41 20.54 13.97 68.00 O.8D 0.81 
16 S6.70 7.14 12.59 0.41 0.12 42 23.42 11.51 49.40 0.54 D.S8 
17 GO...! I 9.U5 14.98 -0.02 -0.23 43 23.G8 9.15 38.63 -0.13 0.13 
IX 6)73 8.51 13.79 -0.15 I: -OM 44 24.67 9.83 39.86 -D.88 1.96 
19 63.46 12.14 I (j.B -2.09 6.27 45 25.04 9.38 37.47 -0.45 2.11 
2() 65.48 7.51 11.47 0.79 0.39 46 24.45 8.92 36.46 -0.78 1.56 
21 63.85 9.84 15.42 -0.04 0.68 47 22.86 7.00 30.62 -1.69 4.11 
22 59.85 20.84 34.83 -2.D2 4.52 48 24.27 5.54 22.81 -0.94 1.49 
23 56.78 17.45 30.74 -1.l6 0.83 49 24.87 6.29 25.28 0.16 0.72 
2-1 37.41 21.87 58.47 -0.78 -0.81 50 24.25 4.47 18.43 0.05 1.12 
25 34.22 28.25 82.54 -0.28 -1.71 51 25.63 6.69 26.09 0.52 1.44 
21i 26.83 23.83 88.81 0.39 -1.06 52 24.79 4.47 lS.04 0.13 -0.08 

Table 4.20d Statistical characteristics of weeldy water deficit sel'ies at Aim-eli (1974-01) 

Mean, SD, 
CV, Mean, SD, CV, Week mm mm Skewness Kurtosis Week mm mm Skewncss Kurtosis 

week-l week'! 
0/0 lvec](l wee](1 

% 

1 24.23 5.37 22.15 0.45 -0.07 27 14.19 16.88 118.96 0.96 -OJ3 
2 24.82 5.48 22,10 0.66 0.51 - 28 9.71 13.49 138,9(J 1.37 (J,9S 
3 21i.75 7.0H 26.46 0.90 0.51 29 9.12 11.)l) 124.91 1.16 0.97 
~ 27.99 5.67 20.24 0.82 0.34 30 10.81 12.96 J19.S0 0.73 -1.15 
5 30.70 5.95 19.38 0.24 -0.41 31 8.92 1l.57 129.69 1.35 ],08 
(, 30.80 5.27 17.09 0.91 0.45 32 9.47 11.25 118.71 0.93 -0.72 
7 32.91 5.49 16.67 0.51 -0.36 33 6.39 7.16 112.14 1.43 1.65 
f) 34.66 4.93 14.23 0.51 -0.51 34 8.69 10.28 118.25 1.02 O.OS 
y 37.87 6.13 16.19 0.23 -0.70 35 9.10 11.86 130.33 1.15 0.39 
10 40.25 6.18 15.36 0.78 -0.01 36 13.65 12.78 93.67 0.74 ·(1.72 
II 42.3Y 6.91 16.30 0.97 1.63 37 9.69 9.94 102.50 1.02 0.15 
12 45.+1 7.47 16.44 0.28 -0.99 38 15.00 11.93 79.52 0.47 -0.49 
13 47.93 7.03 14.67 -0.01 -0.79 39 12.50 14.05 1l2.43 0.92 0.15 
14 49 nl'i 7.51J 15.3D -n DJ -1.0S 40 15.99 14.43 90.27 0.41 .0.96 
15 531)6 ().40 12.U7 -(UO -0,06 41 20.14 13.65 67.77 0.68 1.15 
16 52.83 7.55 14.28 ll.60 0.74 42 24.85 15.72 63.27 1.20 1.93 
17 55.9R 8.61 15.37 D.DI D.22 43 25.61 11.52 44.99 -0.27 1.07 
18 56.86 11.30 19.88 -U.7~ 0.24 44 26.98 9.65 35.75 ·(Ull 2.29 19 57.42 10.1S 17.67 -0.87 0,95 45 25.90 10.19 39.33 -0.07 2.33 20 57.97 1119 22.75 -171 4.55 46 24.49 10.29 42.01 -[J.87 (l.G() 
21 58.13 J 1.46 19.72 -0.42 Oj3 47 24.01 W.20 42.47 -D.19 3.()2 
22 49.28 15.66 31.77 -1.26 2.14 48 24.54 10.13 41.29 ·0.12 2.12 23 43.24 J9.43 44.93 -1.17 0.57 49 23,84 7.57 31.74 H.D3 0.76 24 28.74 21.21 73.81 -0.2 -1.73 SO 2337 6.04 25.83 -0.05 1.54 25 21.78 22.42 J02.94 0.26 -1.82 51 24.82 6.57 26.46 0.52 (Hi 5 26 18.09 18.6 102.83 0.45 -J.54 52 23.74 5.35 22.54 0.39 -D.17 
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Table 4.20e Statistical characteristics of weekly water deficit series at SK Nagar (1974-01) 

Mean, SD, 
CV, 

Mean, SD, 
Week Illm mill Skewness Kurtosis Week mill mill CV,% Skewness Kurtosis 

weeKI week" 
% 

week'! week'! 

I 17.68 2.76 15.60 0.29 0.8~ 27 29.00 22.62 78.01 ·0.21 ·1.68 

2 18.59 3.65 19.1i4 -0.48 -0.39 28 17.78 15.96 89.73 0.80 0.25 
3 18.83 3.35 17.76 ·0.38 1.41 29 9.87 16.07 162.79 1.52 1.06 

4 20.31 2.66 13,12 1.01 2.46 30 9.49 13.74 144.73 1.43 1.37 

5 20.54 4.70 22.89 -1.51 5.24 31 6.97 12.63 181.19 2.73 9.04 

6 22.75 2.48 10.88 0.82 ·0.21 32 7.67 11.13 145.08 1.68 2.44 
7 24.51 4.12 ]Ii. 82 ·1.52 6.76 33 7.70 9.79 127.16 1.1& 0.07 
8 27.60 4.00 14.49 0.60 0.77 34 10.47 11.22 107.19 0.92 ·0.33 
I) 28.48 4.51 15.84 ·2.02 8.57 35 11.14 13.25 118.92 1.02 0.10 
](I 31.61 3.66 11.56 0.81 1.3,1 3(' 15.19 13.06 85.97 0.37 -128 
11 356'1 38fl 10.81 Oj7 D.21 37 15.72 13.91 88.46 0.48 -1.12 
12 37.liO 3.75 9.96 .0.39 ·1.10 38 18.91 13.39 70.79 ·0.05 -1.44 
13 39.18 3.98 1 n.lS ·0.41 .0.84 39 18.75 11.48 6 1.2 Ii 0.0& -1.06 
14 43.41 6.25 14.41 ·0.17 0.49 40 20.oJ 10.99 54.94 ·0.58 ·0.82 
15 45.31 731 16.1-1 1.72 5.26 41 22.55 8.90 39.47 -0.89 D.75 
16 47.22 5.92 12.54 0.15 -1l.29 42 22.40 9.21 41.l0 ·1.23 0.93 
17 47.83 11.67 24.40 -2.21 5.65 43 20.111 7.84 39.02 ·1.57 2.21 
18 50.55 6.71 13.27 ·().(ll 1.68 44 20.33 6.92 34.04 ·1.44 2.17 
19 49.16 15.04 30.59 -2.66 7.34 45 17.60 6.2R 35.69 -1.83 2.97 
20 50.73 10.80 21.30 -255 9.12 4fi 15.54 7.52 4&.42 -1.12 [J.4S 
21 51.9fi 7.18 13.81 -J.07 0.42 47 16.41 4.67 28.48 -1.80 4.62 
22 51.70 10.10 19.54 ·1.85 4.11 48 17.36 4.68 26.94 ·1.00 2.39 
23 49.82 14.15 28.41 ·2.16 4.97 49 15.86 3.52 22.19 -0.04 2.9IJ 
24 43.8(J 23.91 54.60 ·0.05 1.42 50 16.]() 4.42 27.45 -1.92 5.34 
25 38.12 21.65 56.79 ·0.78 ·0.85 51 15.65 4.15 26.49 ·1.96 6.77 
26 35.34 21.40 fiO.55 -0.73 -0.79 52 16.81 2.61 15.55 0.77 0.79 

Table 4.20f Statistical characteristics of weekly water deficit series at Khedbl'ahma (1978-01) 

Mean, SD, 
CV, 

Mean, SD, 
Wc~k 111111 mill Skewness Kurtosis Week IIIIll min CV,% Skewness Kurt()sis 

week,l weekI 
0/0 

weele l wedel 

I 1500 4.5D 29.S0 1.80 4.70 27 12.60 16.20 128.70 0.80 -l.OO 
2 IS.SO 4.3(] 27.50 1.90 2.80 28 4.30 8.30 192.50 2.30 4.90 
3 16.30 3.20 19.60 1.70 2.80 29 1.70 5.90 348.90 4.4{) 20.00 
4 17.60 4.10 23.50 1.40 1.60 3D 1.90 6.20 319.40 4.40 20.50 
5 18.50 2.90 15.70 1.70 2.60 31 2.00 6.50 329.40 4.20 18.70 
(, 20JO 2AO 11.90 1.00 n.20 32 2.20 3.50 158AO 1.60 1.40 
~ 22.5() 3,2(1 14.30 2.90 lD.90 I 33 2.70 5.60 204.90 2.80 7.fiO 
S 24.30 4.0(J 16.30 1.80 4.20 34 2.80 4.20 152.00 2.30 6.50 
l} 25.30 5AO 21.50 -OAO 6.10 35 4.70 5.00 107.40 1.10 O.XO 
10 27.-:10 4.70 17.20 1.60 3.(,0 36 7.40 7.50 101.40 0.80 -0.50 
11 30.00 3.80 12.80 0.80 1.00 37 10.00 8.00 80.80 0.50 (l.20 
12 32 ()() 3.80 11.90 0.90 1.20 38 12.40 8.&0 7I.CIO 0.20 -0.40 
13 34 l)O 4.30 12.30 OAO 0.30 39 8.60 8.20 95.50 0.50 -1.10 
1-1 36.80 3.40 9.20 1.30 2.30 40 11.70 7.60 65.30 -D.I0 -1.60 
15 37.20 3.3[1 8.80 ·0.30 0.90 41 13.30 7.00 52.60 0.00 -0.90 
Iii 38.30 9.1[1 23.90 -3.30 14.30 42 15.70 4.90 31.00 -D.20 .D.SO 
17 40.5() 6.00 14.90 -2.50 9.80 43 14.00 6.10 43.70 -l.lO 0.60 
IS 42.10 5j() 13.10 -IJO 1.40 44 15.80 3.&0 24.00 -1.00 0.70 
19 46. ]() lUll 19.00 1.80 6.40 45 14.60 4.30 29.80 -1.90 4.60 
20 49.70 8.00 16.20 2.90 12.70 46 13.10 4.70 36.00 -1.10 lAO 
21 50.20 5.50 11.00 0.70 2.10 47 14.50 4.20 28.90 -1.70 5.60 
22 46.50 15.40 33.20 -1.70 3.70 4& 13.70 2.50 18.60 0.30 0.10 23 40.80 12.50 30.60 ·IAO 1.50 49 13.10 3.40 26.10 0.10 2.10 24 26.90 16.80 62.30 ·0.40 -1.00 50 12.30 3.30 26.60 -1.10 6.90 2S 25.40 17.80 70.10 ·0.41l -1.50 51 13.30 5.00 37.30 0.90 6.20 26 1&.60 17.80 95.80 0.30 -1.60 52 13.10 2AO 18.40 1.60 2AO 
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Table 4.20g Statistical cha.-acteristics of weekly water deficit series at Arnej (1982-01) 

MClin, SD, CV, 
Mcan, SD, 

Wc~k mm mm Skewness Kurtosis Week mm mm CV,% Skewness Kurtosis 
week'! weekI % week'! week·1 

I 20.n_) 2.94 14.61 -0.97 2.11) 27 16.75 20.10 118.98 0.85 -0,88 

:1 2n.25 5.55 27.28 -2.7K 9.08 2I-l 9.82 14.22 131.90 1.26 0.42 

~ 22.55 3.15 13.89 -0.58 1.24 29 6.38 8.88 133.69 1.02 ·0.64 

-1 24.-11 3.73 15.23 ·Oj5 -11.34 30 7.19 9.83 122.17 0.89 -0.70 

5 20.0S 4.11 15.73 -0.47 0.34 31 3.62 8.05 155.53 2.02 4.73 

ti 26.92 3.04 11.27 -0.96 1.19 32 2.85 4.36 120.99 1.36 1.68 

7 30Ao 3.14 10.30 -1.27 2.67 33 4.28 5.03 115.34 1.00 0.05 

8 31.84 3.48 10.91 0.71 1.12 34 6.23 7.48 114.02 1.05 0.08 

9 35.49 3.98 11.19 0.56 2.40 35 5.52 6.72 105.59 0.64 -1.05 

10 37.R7 3.82 10.08 -0.53 1.33 36 8.81 I D.S3 103.98 D.77 -0.79 

II 40.116 3.09 7.71 -1.01 2.70 37 8.53 ID.52 106.76 0.81 -0.55 

12 43.20 6.19 14.31 -2.24 7.53 38 11.05 10.86 88.29 0.25 -1.40 

D 44.nS 3.13 7.0() -0,38 0.73 39 9.78 9.74 86.19 0.52 -0.88 

14 47.14 72(, 15.40 -223 5.93 4() 14.35 10.73 69.59 0.14 -0.86 

15 SIUn 4.37 8.68 -O.5lJ 0.33 41 15.44 10.46 64.24 -0.23 -0.96 
16 52.78 5.77 10.93 -D.H7 2.23 42 16.80 8.54 4881l -0.27 0.11i 

17 57.97 13.46 23.22 U.86 0.73 43 17.54 9.31 51.43 -0.27 -0.71 
18 54.33 12.50 22.')9 -175 3.78 44 19.49 6.40 32.06 -0.59 -0.32 
19 58.0/) 8.95 15.42 -0.79 1.99 45 18.16 6.97 37.62 -0.99 1.23 

20 60.51 9.31 15.43 -IJ2 1.81 40 20.10 6.67 32.55 0.29 -0.46 
21 57.97 17.~O 30.87 -2.52 637 47 18.45 5.19 27.73 0.17 -0.49 

-
22 55.53 15.87 28.57 -2.42 7.59 48 19.19 4.45 22.92 -0.39 -0.48 
23 48.29 19,76 40.91 -166 2.07 49 19.43 4.8) 24.71 0.01 -n.68 
24 37.63 21.22 S9.19 -0.58 -1.07 50 18.77 3.36 17.77 0.26 0.04 
25 24.65 24.22 92.65 0.01 -1.90 51 19.31 3.24 16.66 -0.69 0.16 
20 19.77 Ill.21 91.79 0.18 -1.47 52 19.81 3,23 16.21 -0.48 0.56 

Table 4.20h Statistical characteristics of 'Weekly water deficit series at Dhandhuka (1982-01) 

Mean, SD, CV, 
MClin, SD, 

Week mm mm Skewness Kurtosis Week mm mm CV,% S]{cwness KUl'tusis 
week'! week'! 

0/0 
week! weekI 

1 2().37 3.57 17.55 -0.45 1.02 27 15.35 16.55 107.79 0.96 0.22 
2 2().20 4.42 21.90 -IJ4 3.0() 28 13.51 14.47 107.05 0.74 -0.80 -
3 22.33 3.34 14.96 -0.56 0.24 29 9,90 12.79 129.28 1.54 1.86 
4 23.81 3.35 14.00 -0.34 1.01 30 10.05 12.27 122.15 (l,,)S -0.37 
5 2liA9 4.63 17.47 -IUS -(].l6 31 7.12 10.99 154.47 2.37 6.47 
(, 21i.4(] 3.10 11.74 -0.59 0.46 32 5.38 7.81 145.10 1.38 0.64 
7 29.98 J64 12.15 -1.29 2.96 33 6.68 8.03 120,29 1.34 1.11 
8 31.Y() 3.12 9.80 -0.51 0.32 34 7.51 9,28 123.61 1.04 -0.12 
0 35.19 4.20 11.93 -0.1)3 -0.30 35 8.56 9.91 115.68 0.96 -OAI 
III 3(,.% 3.43 9.29 -0.22 1.76 36 11.67 11.25 96.45 0.60 -0.94 
II 3'). 7'~ 3.1 (, 7.1)6 -0.39 1,93 37 9.05 Ill.76 118.95 1.21 0.45 r-12" 

43.2() :U(, 8.22 -0.90 1.28 38 13.71 9.87 72.04 0.17 -0.83 
13 4-1.26 5.65 12.77 -1.89 4.00 39 14.40 12.32 85.56 0.53 -0.51 
14 47.27 5.02 10.62 -1.92 6.04 40 16.23 11.28 69.49 0,04 -0.94 
15 49.96 4.81 9.63 -0.78 1.47 41 17.03 11.54 67.76 -0.21 -0.94 
16 53.79 6.90 12.82 -0,37 1,23 42 17.50 10.11 57.79 -0.21 -0.51 
17 52.77 9.68 18.35 -0.63 0.23 43 19.47 9.10 46.74 -0.75 (l.12 
18 54.08 11.18 20.67 -2.51 7.08 44 20.10 6.82 33.91 -0.52 -OJ)4 
19 54.36 14.22 26.17 -3.15 12.09 45 19.04 6.92 36.34 -1.35 2.00 
20 58.53 9.78 16,7(] -0.65 1.60 46 21.27 7.31 34.34 -0.20 -0.19 
21 58.06 12.57 21.65 -0.90 1.94 47 19.43 5.05 25,99 -D.98 0.89 
22 49.80 18.21 36.56 -2.24 4.69 48 17.85 5.43 30.44 -1.97 5.52 23 38.43 23.58 61.36 -0.64 -1.28 49 19.44 3.95 20.29 0.00 0.30 
24 33.34 20.08 60.22 -0.41 -l.OO 50 18.76 3.24 17.2& -D.75 0.57 25 28.35 22.90 80.80 -0.13 -1.68 51 19.83 3.07 15.49 ·1.27 2.50 26 18.44 18.12 98.28 0.40 -],09 52 19.74 3.30 ]6,73 -1l.63 0.88 
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Table 4.2Oi Statistical characteristics of weekly water deficit series at Junagadh (1974-01) 

Mean, SD, CV, 
Mean, SD, 

Weck mm mm % 
Skewness Kurtosis Week mm mm CV,% Skewness Kurtosis 

wcek'! week-! week-I weekI 

1 22.Sl5 4.(11 17.46 11.21) O.3() 27 9.&6 13.14 133.24 1.22 0.07 
2 23.5() 3.80 16.17 0.43 (J.n2 28 3.07 0.99 227.41 3.18 11.21 
~ 2371 4.73 19.:14 -n.27 -0.42 29 2.81 7.16 255.42 J.76 15.81 
.j 2729 4.37 16.02 -0.17 n.D3 3D 3.38 fiAl Ul9.80 2.12 4.08 
~ 2R.12 5.37 19.10 0.67 0.63 31 2.82 8.61 305.79 4.56 22.27 
Ii )07S 5.()S 16.52 -0.07 -0.94 32 2.37 4.92 207.75 2.44 5.66 
7 2931l 7.52 25.61 -2.16 7.1)7 33 1.92 4.36 227.64 2.67 6.33 

X 33.20 5.54 16.69 n.3X -0.29 34 3.08 6.19 200.89 2.65 6.98 
LJ 36.26 4.90 13.52 -0.76 -0.41 35 4.07 7.05 173.00 2.20 3.89 

10 39.25 7.86 20.03 0.79 2.1l6 36 6.18 8.8! 142.04 l7n 2.48 

11 40.6S 6.84 16.81 -0.52 CUD 37 7.50 9.75 129.99 1.52 1.48 
12 44.58 8.21 18.42 1.90 6.46 38 7.38 9.98 135.23 2.34 6.01 
13 46.80 6.65 14.20 n.08 -0.79 39 6.86 8.31 121.14 1.74 3.99 
14 48.01 8,43 17.56 0.76 n.71 40 10.93 11.36 103.90 1.37 1.72 
15 48.82 7.98 16.34 -0.15 0.03 41 14.14 11.36 80.32 1.14 1.67 
Jri 50.57 7.12 14.07 0.41 -0.41 42 17.45 12.14 69.54 1.24 2.22 
17 50.54 8.11 16.05 0.14 0.74 43 19.95 10.53 52.81 -0.15 -0.11 
18 51.55 (i.(J7 11.78 -().17 -0.42 44 23.02 11.59 50.37 0.87 2.48 
19 SUR 7.lJO 15.23 -IJ.l n -0.59 45 21.28 10.58 49.72 067 1.69 
21) 50. I'! IUD 22.51 -2.21l 8.35 46 21. 85 9.87 45.18 0.88 2.83 

-- 21 48l)() 7.119 14.51 -11.34 -0.83 47 20.92 9.07 43.36 -1l.45 1.22 

~- -15.25 12M 27.H7 -1.51 1. 95 48 23.44 6.17 26.33 -0.16 IlS2 
23 :18.44 20.5] 53.36 -11.73 -0.81 49 23.% 0.56 27.36 0.52 (l.80 

~~ 22.92 19.07 85.80 -0.11 -1.77 50 22.68 5.04 22.20 0.14 -D.63 
25 15.23 17.79 116.79 0.73 -1.13 51 23.17 5.78 24.95 0.50 0.41 
26 13 57 14.\)1) ]1)9.87 0.85 -0.51 52 22.07 5.42 24.56 0.62 0.80 

Table 4.20j Statistical characteristics of weekly water deficit series at Mahuva (1982-01) 

Mean, SD, 
CV, MCllll, SD, 

W~ck mm mm Skewness Kurtosis Week mm mm CV,% Skewness Kurtosis 
weeKI week-I 

6/0 
\Vee"-! weekI 

1 23.76 4.91 20.67 -O.11 -1.15 27 14.92 15.33 102.76 0.38 -l.80 
2 23.78 4.27 17.96 0.34 -0.55 28 12.48 12.37 99.09 0.42 -1.44 
3 24.56 4.31 17.54 -MD -0,63 29 6.53 9.29 142.35 1.53 1.90 
4 2S.2\) 4.42 15.6J -D. 72 0.12 --- 30 10.42 lUll 105.66 0.45 -1.55 
5 27.23 4.60 16.90 -0.15 -0.62 31 5.03 8.47 168.42 1.38 0.23 1--
(l 21) (14 5.12 17.63 (1.62 -0.29 32 7.16 g 82 123.12 1.16 n.!3 
7 30 (JI) 5.U5 16.85 0.22 -0.66 33 7.44 8.95 !20.27 1.3() 0.5[) 
~ :n.m 6.43 19.69 OA9 -0.65 34 7.78 ~.83 126.42 ].(16 -(].34 
IJ l4JI 5.23 15.24 -D.62 -0.71 35 7.64 ~.42 123.31 1.06 -0.42 
10 35.2S 4.70 13.32 n.n2 -0,55 36 8.05 ~.80 121.71 O.~l -0.35 
11 38.1~ S.lll 13.12 0.42 0.19 37 9.98 10.19 102.15 (l.60 -O.H9 
12 39.82 4.S5 12.17 0.1)9 -0.16 38 12.06 11.23 9314 0.49 -1.12 
13 40.52 3.74 9.24 1).24 -0.68 39 11.11 10.88 97.93 n.67 .0.70 
l-l 4Ur, 4.93 Jl.91 -D.nn -1.01 4() 12.69 111.27 80.93 (J.6! -0.81 
15 42.51 4.6fi 10.96 -11.06 -0.99 41 15.84 ~.73 61.42 0.13 -D,n 
16 45.29 5.11) 11.26 0.38 -D.33 42 18.27 11.02 60.31 -0.18 -D.58 
17 44.48 4.21 9.46 0.03 -1.26 43 19.25 10.88 56.55 -0.48 O.()J 
18 46.23 4.35 9.40 -0.57 -0.91 44 21.59 10.53 48.79 -0.49 om 19 44.91 8.15 18.15 -0.99 1.73 45 22.31 12.05 54.04 0.03 0.42 20 43.14 8.52 19.74 -1.58 4.85 46 23.58 10.61 44.98 0.29 1.24 21 43.47 5.63 12.95 0.55 -0.81 47 22.48 9.98 44.41 0.65 4.05 22 38.96 11.99 30.78 -2.31 5.91 48 24.74 9.85 39.81 1.07 2.73 23 36.40 14.92 41.00 -1.54 1.96 49 24.08 6.54 27.15 0.15 -0.26 24 23.67 16.04 67.77 -().58 -1.34 50 23.22 5.67 24.42 -0.06 -D.S2 25 2D.85 18.1l5 86.58 -D.23 -2.nO 51 23.83 6.03 25.30 ,--- [].37 
26 19.93 15.02 75.34 

CUl9 
-U.31 -1.46 52 23.21 5.14 22.16 0.60 0,49 
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Table 4.20k Statistical characteristics of weekly water deficit series at Anand (1974-01) 

MClin, SO, CV, 
Mean, SO, 

Week mm mm Skewness Kurtosis Week mm mm CV,% Skewness Kurtosh 
weeKI week-! % weekI week-! 

I 15.IB 2.50 15.112 -0.88 1.15 27 13.47 ]5.27 113.35 0.98 0.06 

;; 15.44 4.10 26.57 -2.21 6.67 28 6.15 8.91 145.0& 1.08 -0.43 
, 16.85 3.ll0 lUI n.29 1.48 2lJ 4.54 7.45 104.23 1.42 0.54 .' 
4 J8.70 2.56 13.69 0.16 1.97 30 3.25 6.53 200.S7 2.m 3.10 

5 20.06 2.71 13.49 -0.44 0.07 31 3.39 7.19 212.38 2.74 8.10 

Ii 21.41 2.31 J().81 0.48 0.94 32 2.06 5.37 260.59 2.95 8.64 

7 22.98 2.45 HI. 65 -1.60 5.58 33 1.95 4.90 251.69 3.99 17.69 

8 25.42 3.fi4 14.31 0.56 5.14 34 2.61 4.85 185.84 2.61 6.57 

9 28.15 3.50 12.43 0.76 0.86 35 3.5R 6.55 183.16 2.56 6.93 

10 29.74 3.16 W.63 (I,()9 1.75 36 6.02 7.98 132.62 UI4 3.59 

11 32 'Ill 311 9.(l[) 027 1.07 37 7.60 8.98 118.15 1.36 1.69 
)2 )318 4.112 1 ].89 -1.59 4.47 38 8.68 8.37 96.40 0.73 -OA4 
13 36.25 3,(iO l).94 -0.60 2.03 39 10.41 8.91 85.59 0.51 -0.73 

14 37.42 4.81 12.85 -1.l1 4.17 40 12.75 7.65 60.02 -0.05 -0,42 

15 40.25 4.58 11.38 -0.32 ).26 41 13.04 7.76 59.50 0.08 -0.35 
16 41 17 4.39 1[1.67 -0.60 -0.24 42 14.25 7.04 49,41 -D.27 0.10 
17 4336 4.20 9.69 -0.82 1.06 43 14.24 6.76 47A6 -0.65 0.25 

IS 45.16 4.55 W.06 -2.14 5.20 44 15.42 5.25 34.03 -1.1 8 1.99 
19 44.80 9.50 2UI -4.14 19.58 45 15.34 5.91 38.52 -0.29 2.21 
20 46.99 HUO 21.92 -3.69 16.88 46 14.65 5.57 38.04 -1.26 180 
21 4722 1).20 19.48 -2.91 9.38 47 14.25 5.39 37.79 -1.24 1.91 
22 45.05 nl2 29.13 -2.49 5.86 48 14.JO 5.41 38,37 -1.06 1.55 
23 4005 18.26 45.59 -1.52 1.11 49 13.99 4.20 29.99 -1.17 178 
24 28.77 19.18 M.69 -D.29 -1.33 50 1197 2.94 21.05 -1.69 4.10 
25 24.25 22.30 91.95 D.ll) -1.50 51 14.04 3.74 26.66 -Ui4 4.42 
26 14.41 17.29 119.93 0.97 ·0,32 52 14.44 2.51 17.42 -1.03 2.60 

Table 4.201 Statistical charactedstics of weekly water deficit series at Nawagam (1978-01) 

Mean, SO, CV, Mean, SD, 
Wec]. mm mm Skewness Kurtosis Week mm mm CV,% Skewness Kurtosis 

weeki week-! °10 wee)(1 wcel(l 

I !9.(]3 3.n7 16.12 -0.11 -OAO 27 14.86 20.20 135.90 1.03 -0,58 
2 19.36 4.05 20.90 ·0.75 1.45 28 ]0.21 14.27 139.74 ],(i2 2.25 
3 20.35 3.69 18.15 1.42 3.82 29 3.79 6.91 182.35 2.07 4.23 
4 21.54 3.57 16.58 0.08 -0.68 30 3.35 9.99 297.86 4.06 17AO 
5 22.47 3.21 14.27 -0.66 1.61 31 4.24 12.08 284.77 4.32 19.94 
(, 23.t\! 3.88 16.44 -0.20 -OAO 32 2.75 6.78 246.72 3.72 15.08 
7 24.46 189 15.88 -1.41 1.47 33 1.56 3.35 214.69 2.91 9.35 .. _ 
~ 2677 4.64 17.34 -0.27 0.45 34 2.55 4.61) 180.59 2.61 7.25 
l} 2Y l-l :i.H2 19.85 003 0.61 35 4.03 6.16 152.95 I.R8 3.fil 
II) JIHX 4.:13 13.56 -1.08 1.14 36 (i.06 7.11 117.43 1.22 n.G5 
]1 34.8] 4.X2 13.83 -0.80 1.45 37 8.47 8.55 10)'()5 !l.59 -1.0S 
12 37.19 0.16 16.55 ·0.82 2.80 38 1D.55 8.57 81.21 0.43 .:Q.iL 13 W4lJ 9,41 23.82 -0.31 1.67 39 11.51 8,49 73.73 1).02 -1.26 
14 39.65 7.09 17.88 -1.09 0.23 40 13.75 8.50 61.81 -0.21 -1.05 
15 43.60 7.96 18.25 -0.67 0.96 41 14.51 8.16 56.21 -0.31 -O.7H 
16 4721 8.()6 17.m -0.59 2.37 42 ]5.90 7.81 49.11 -D.27 -0.13 
17 -16.45 8.61 18.54 -093 0.06 43 15.54 6.98 44.92 -OM 0.25 
18 48.12 H.84 18.37 -1.64 2.65 44 16.92 6.27 37.04 -1.08 1.27 1') 51.34 9.87 19.23 -1.0] 038 45 ]6.90 7.42 43.90 -0.26 I. I I 20 54.42 9.84 18.08 -2.14 6.32 46 14.81 8.18 55.24 -0.25 0.(}9 21 56.38 9.44 16.74 -1.35 2A7 47 15.74 5.82 36.98 
22 51.65 18.27 35.38 

-0.76 0.79 
-1.94 3.33 48 15.70 6.07 38.68 

23 46.90 20.42 43.53 
-0.51 0.79 

·1.52 1.09 49 16.66 5.22 31.34 -0.40 n.n 24 32.00 21.40 66.89 -0.37 ·1.34 50 16.98 4.25 25.01 -l.ll 1.5H 25 31.62 24.02 75.96 -0.31 -1.58 51 17.51 3.70 
26 16.81 21.15 (1.19 0.14 ]9.30 114.87 0.77 -[).90 52 18.87 4.24 22.46 (1.54 ~.47~_ 
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Table 4.20m Statistical characteristics of weekly water deficit series at Bharuch (1974-01) 

Mean, SD, 
CV, 

Mean, SD, 
Week mm mm Skewness Kurtusis Week mm mm CV,% Skewness Kurtosis 

weeki weeKI 
% 

week'i weeKI 

1 17.78 5.53 31.119 -0,01 -1.07 27 8.31 14.81 178.09 1.96 3.23 

2 18.23 7.01 38.47 -0.65 0.61 28 5.16 9.84 190.74 2.32 5.46 

3 20.51 4.li8 22.85 -0.42 -0.46 29 2.61 6.60 253.10 2.86 7.54 

4 21.03 5.?-7 25.54 -0.17 -0.99 30 3.39 6.39 188.51 2.38 5.72 

5 23.3t1 5.94 25A2 -0.26 -0.91 31 2.96 5.36 181.02 2.04 3.73 

tJ 24.85 5.79 23.30 -0,44 -1.12 32 2.23 4.57 204.86 2.47 5.70 
,., 2518 6.32 25.12 -().70 0.85 33 2.32 4.0() 172.29 1.90 2.81 J 

H 30.65 6.28 20.50 J.()& 3.50 34 2.66 5.58 209.67 2.70 7.24 
9 31.19 6.10 19.57 -0.69 0.18 35 4.07 7.40 183.28 2.73 8.27 
10 nlO 5.2~ 15.99 -036 -0.84 36 5.56 S.02 144,18 2.53 7.42 
11 35.1l5 5. ~2 15.75 1l.22 -0.73 37 5.89 8.68 147.20 2.0& 4.99 
12 3101 5.46 14.74 -0,46 -0.73 38 7.14 &.17 114.40 1.08 -O.O! 
13 3933 5.65 14.36 ·047 ·0.55 39 7.78 7.64 98.14 0.59 ·0.90 
14 40.67 5.83 14.34 ·U,26 -0.97 41l 9.79 8,31 84.90 0.66 -D.63 
15 44711 6.18 13.82 ·0.59 o.n 41 11.55 8,55 73,98 CI.48 -0.69 
16 46.17 6,89 14.lJl ·Oj5 099 42 1407 7.37 5135 ·o.m -0.66 
17 48.66 6.22 12.78 ·015 ·1.05 43 15,()4 7.06 46.94 l103 -0.39 
IS 49.09 8,77 17,S7 -209 7.80 44 16,19 7.83 48,33 CJ.(19 UI 
ILJ 5034 liAS 22.73 ·2,22 7.31 45 15,94 6.86 43.02 ·0.54 -0.10 
20 49.20 12.30 25.0() ·2.11 7.33 46 14.67 7,73 52,70 ·0,57 -0.74 
21 49.94 7,88 15.78 ·0,01 -0.61 47 14,61 7.24 49.58 -0.34 -Cl.39 
22 45.29 17.38 38.38 -188 3.12 48 15,98 6,22 38.94 ·0.28 0.14 
23 36.56 19.56 53.51 ·().84 ·0.38 49 14.59 6.22 42,67 ·0.38 n.B 
24 25.77 21.67 84.08 ·(),17 ·1.72 50 15.43 5.69 36,91 ·0.17 -0.74 
25 19.74 17,46 88.48 0.27 ·1.41 51 16,()4 6.54 40.74 0.22 0,37 
26 I·HZ 17.20 119.28 0.84 ·0.58 52 16.85 6.32 37,50 1.32 3.94 

. Table 4.20n Statistical characteristics of weekly water deficit series at Surat (1974-01) 

Mean, SD, 
CV, 

Mean, SD, 
Week mm mm Skewness Kurtosis Week mm mill CV,% Skewness Kurtosi.~ 

weeKI week'l % week') weci(l 

I 19.39 4.78 24,66 -0,05 ·0.62 27 3.97 10.23 257,86 2,94 8.29 
~ 19. HI 5.39 28,21 ·0,44 1.71 28 1.61 3.61 224.45 2.25 3.74 

3 21.3() 4.68 
~-.~ 

21.96 -ll.2.1 ·0,37 29 1.07 2.70 252,36 2.76 6.94 
~ 21.73 3.92 HUll -0,18 ·0,55 30 LSI 3.09 204.3 I 2.78 8.39 
5 23.67 3.82 16.14 -0,07 -0.10 31 1.53 3,64 237,88 3,32 12.34 
6 25.02 5.00 20.00 0.89 3.04 32 0,86 2.25 261.57 3.97 17.41 
7 26.28 3,87 14.74 -0.26 ·0.38 33 1.24 2.42 195,12 2.90 JO.37 
~ 21).35 4,81 16.38 0.03 ·0.42 34 2,28 3.58 157,()9 2.38 7.06 
~ 3168 4.39 IlH6 ·0.03 ·0.01 35 101 4.55 150.81 1.73 f--~ Ii) 33.55 5.74 17.11 0.47 ·033 36 4.38 5.30 120.99 UI O.HI 

11 34.7.+ 5.22 15,(]1 (J 12 ·0.94 37 4.75 5.82 122,60 1.48 1.54 
12 :1588 3.67 10,23 (l.DO ·0.75 38 6.28 6.35 101.12 0.95 (J.(J8 
13 .18.04 375 lJ.S5 om ·0.85 39 6.86 7.24 IOS.56 Ull (l.G7 
14 3917 3'JO 9.95 1l.1J6 0.23 411 8.24 7,78 94.32 1).02 -0.50 
15 ~ 1.711 4.13 9.89 0.63 0.47 41 10,13 7.04 69.53 0.14 -0.87 
16 43.53 3. 97 9.11 0.78 0.88 42 12.43 7.40 S9.49 ·0,22 -0.57 
17 44.22 3. 98 9.00 0.19 ·1.06 43 14.35 6.68 46.53 -0.12 0.35 18 46,10 5.71 12,38 0.64 ·0.62 44 15.59 7,02 45,00 ·0,35 
19 43.07 9.29 21.58 ·2.84 11.59 45 16,27 6.54 40.17 ·().55 

O._~ 
0,65 21) 44.52 5.15 1l.56 ·0.43 0,40 46 15.97 6.40 40.09 ·0.46 O.KO 21 43.58 9.35 21.46 ·3.94 18.55 47 15.81 7.49 47.38 -0.05 1.19 22 40.79 13JJ3 31.94 ·239 5,79 48 15.18 7,25 47.77 

23 32,87 
·(),36 1.58 16.15 49,13 ·0,82 ·0,31 49 15.96 5.06 31.71 ·D,02 2,55 __ 24 24.35 19.46 79,92 ·0,22 ·1.73 50 ]6.39 4.72 28.79 -0,06 1.50 25 13.70 17.45 127.35 0,77 -1.08 51 17.59 4.87 27.71 ·0,20 0.93 26 9,16 13.81 150.71 1.38 0.61 52 17.84 4.21 23.59 ·O,gD (),69 
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Table 4.200 Statistical characteristics of weekly water deficit series at Navsari (1974-01) 

Menn, SD, CV, 
Mean, SD, 

Week mm Skewness Kurtosis Week mm mm CV, OlD Skewness Kurtosis mm 
O/D 

week-I week-I week-1 week-1 

1 19.55 4.56 23.31 -0.16 OJ9 27 4.23 11.68 275.98 3. ]() 9.00 

2 !lUIS 5.87 31.11 -0.87 3.82 28 2.27 7.82 344.16 4.52 21.67 

3 21.12 6.98 33.05 -1.09 2.10 29 1.38 5.90 427.54 5.17 27.09 

4 22.79 4.67 2(J.50 -OA9 1.20 30 1.59 5.81 366.56 5,lO 26.56 

5 23.62 3,27 13.84 OJI -0.47 31 0.51 1.86 365.28 4.88 24,75 

6 25.77 3.36 13.02 0.06 -0,81 32 0.93 4.10 442.10 5.00 25.60 

7 25.92 4,38 16.91 -1.46 5.28 33 1.37 4.98 364.63 5.13 26,81 
-

12.34 0.17 -0.63 34 1.97 4.65 235.97 4,29 20.33 8 29.46 3,64 
9 31.26 6.04 19.31 -2.16 8.47 35 1.65 2.85 173.34 1.54 0.79 

111 32,99 435 13.18 0.60 0,59 36 2.73 4.08 149.20 1.45 1.15 
11 33.84 6AII 18.91 -0.51 1.83 37 3.08 5.13 166.56 1.89 2.46 

12 35.93 4.90 13.63 (l.O6 -11.1 0 38 3.54 5.39 152.16 1.9U 3.21 

U 3:-1.28 4.6~ 12.26 -1l.10 0.4') 39 5.59 6.74 120.54 1.25 0.76 
14 39.26 442 11.26 0.14 0.26 40 7.14 7.49 104,99 (J,82 -0.37 
15 41.80 4.47 10.69 0.66 -0.18 41 9.55 8.04 84.10 0.76 -0.35 
16 42.99 4.64 10.S0 1.10 1.32 42 11.72 8.93 76.21 0,57 -0.60 
17 43.(16 4.23 9.82 0.28 -0.16 43 14.27 8.69 60.87 0.25 0.03 
lH 43.11 5.06 11.73 -033 UO 44 14.97 8.95 59.78 -O.n9 -0.14 
1'1 45.40 7.64 16.83 1.08 4.55 45 15.70 8.40 53.53 -O.ll -0.77 
20 43.09 Ii.OS 14 (J4 -2.10 6.83 46 15.58 7.26 46.60 -0.14 -0,33 
11 43.(i3 5.99 13.72 -1.11 3.65 47 15.83 8.75 55.25 0.37 (l.S2 
22 3n3 14.11 37,59 -2.01 2.98 48 16,09 6,64 41.27 030 2,60 
23 32.00 17.25 53.89 -0.97 -0,57 49 15.78 6.46 40,96 0.00 1.31 
24 17.65 16,96 %.07 OJ1 -1.45 50 17.17 3.86 11.47 0.62 1.47 
25 10.23 14.31 139.92 1.02 -0.49 51 17.53 4.68 26.70 0.00 -0,11 
26 6.69 13.31 199,02 2.04 2.83 52 18.17 3.92 21.55 0,71 0.05 

Table 4.20p Statistical characteristics of weekly water deficit series at Gandevi (1982-01) 

Mean, SD, CV, Mean, SD, 
Week nun nun Skewness Kurtosis Week mm mill CV, % Skewness Kurtosis % 

week-! week-I week-1 week-! 

I 15.46 4.29 27,76 0.15 -1.25 27 3.78 8.73 230,89 2.1S 3.25 
2 15.31 4.54 29,67 -1.23 3.14 28 2,64 8.11 307.37 3.11 9.05 
3 17.24 4.13 23.98 0.56 -0.98 29 2.39 8.32 348.44 3.89 fI'i\l! 
4 18.51 3.65 19.73 0,66 -0.61 30 1.15 3.80 330.46 4.24 1 !l.4S 
5 19.m 2.84 14.91 11.65 -0.54 31 0.[2 0,35 286.40 2.S9 7.36 
6 20,56 2.81 13.65 DA3 -1.D3 32 O.D2 0.n6 330.19 3.53 12.69 
7 22.47 2.45 10.92 D.22 -1.27 33 0,08 0.26 337.51 3.95 1 ().21 
X 24.ri5 335 13.59 DA9 -1.26 34 0,25 0.53 2C17.58 2.37 5.31) 
'I 20.81 4.35 16,22 1.36 U12 35 0.35 0.74 212.28 2.40 5.45 
II) 28.00 4.32 15.42 0,52 1.29 36 1.06 1.98 186.21 2.63 7,75 
11 28.73 5.35 18.62 -108 3.05 37 1.37 3.09 225.40 2.59 6.75 
12 31.62 3.69 11.67 0.30 0.24 38 2.00 3.95 197.46 2.72 7.42 
13 33.30 3.93 11.82 0.29 -0.43 39 3.90 5.13 131.68 1.53 

--
2.01 

14 33.47 5.89 17.6] -2.91 11.29 40 5,15 5.38 104.56 1.10 (1.44 
15 36.54 3.44 9.41 0.66 0.64 41 6.03 5.58 92.65 1.18 1.32 
16 38.97 3.28 8.41 -0.16 -0.56 42 8.64 5.79 66,98 0.42 -0,23 
17 39.75 3.51 8.83 -0.70 2.51 43 9,80 5.63 57.43 0.13 -0.34 IX 40.21 3.79 9.42 -1.22 4,(Jl 44 1UO 5.09 43.52 0.23 -O.IW 19 40.56 4.33 10.67 -1.64 4.53 45 11.81 5.14 43.53 -0.17 U.61 20 39.0U 10.43 26.75 -3.05 10.85 46 12.54 4.03 32.18 0.16 -0.09 21 41.40 4.0R 9.86 -1J.31 135 47 11.82 3.80 32.18 -1.53 -~--22 37.24 11.34 30.45 -2.50 6.39 48 12.82 2.95 23.01 0.29 -0,26 23 32.26 13.22 40.98 -1.54 1.87 49 12.30 2.41 19.62 24 10.86 13.16 121.19 0.69 

OJ6 .[) 3D 
-1.19 50 12.55 2.04 111.26 -0.49 U.S2 25 9.45 13.61 143.96 1.14 -0,07 51 13.16 2.12 II1.0S 26 8.16 -0,38 -0.75 12.79 156.66 1.42 0.59 52 13,44 2.47 18.39 

-- -_._--
-OJ3 ·0.71 -_ 
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significantly different than zero at all the stations indicate that water deficit is mutually 

dependent. 

The skewness coefficient of weekly water deficit, a characterization of the degree of 

asymmetry ofdistributioll around its mean, ranged between ~4.49 to 1.33 at Kothara, ~3.41 to 

2.20 at Radhanpur, -2.09 to 2.38 at Rajkot, ~1.71 to 1.43 at Amreli, ~2.66 to 2.73 at SK Nagar, 

-3.30 to 4.40 at Khedbrahma, -2.78 to 2.02 at Amej, -3.15 to 2.37 at Dhandlmka, -2.20to 4.56 

at Junagadh, -2.31 to 1.53 at Mahuva, -4.14 to 3.99 at Anand, -2.14 to 4.32 at Nawagam, 

-2,22 to 2,86 at Bhamch, -3,94 to 3,97 at Surat, -2,16 to 5,17 at Navsari and -3,05 to 4,24 at 

Gandevi, respectively. The values indicated that water deficit at Kothara, Radhanpur, Amreli, 

Arnej. Dhandhuka and Mahuva were left skewed whereas at Anand was slightly left skewed. 

Similarly, water deficit at Rajkot, Khedbrahma, Junagadh, Nawagam, Bhamch, Navsari and 

Gandevi was rightly skewed and at SK Nagar slight rightly skewed. Surat observed equally 

skewed water deficit on both sides, The data revealed that no weekly water deficit series is 

normally distributed. 

Kllltosis. which indicates flatness or peakedness of a distribution of the water deficit 

series compared with normal distribution (CK = 3). Positive kurtosis (CK > 3) indicates a 

relatively pc.:1ked distribution while less than 3 and negative kurtosis, a relatively flat 

distribution. Results (Tables 4.20a to 4.20p) indicate that kurtosis ranged between -1.72 to 

22.17 at Kothara, -1.62 to 13.49 at Radhanpur, -1.71 to 6.89 at Rajkot, -1.82 to 4.55 at 

Amreli, -1.68 to 9.12 at SK Nagar, -1,60 to 20,50 at Khedbrahma, -1.90 to 9.08 at Arnc:i, -

1,68 to 12,09 at Dhandhuka., -1.77 to 22.27 at Junagadh, -l.80 to 5,91 at Mahuva, -1.33 to 

19.58 at Anand, -1.58 to 19.94 at Nawagam, -1.72 to 8.27 at Bharuch, -1.73 to 18.55 at Surat. 

-1,45 to 27.09 at Navsari and -1.27 to 18.45 at Gandevi, respectively, The results indicate 

that no series is normally distributed but showed a wide variation in weekly water deficit 

distribution during the study period at all the stations, 

4.7.2 Trend Component 

For identification of trend component, annual water deficit series was used to 

suppress periodic component (Kottegoda 1980). The arumal water deficit series shown in 

Table 4,21 was obtained from 20 to 28 (198211974 - 2001) year's water deficit data and used 

for identification and detection of trend component in the series. The hypothesis of no trend in 

the series was made and checked using the test statistic (Z) procedure as described in Section 

3.11.2,1 for turning point and Kendall's rank correlation test. 

The results for turning point and Kendall's rank correlation test are shown in Table 

4,22, The estimated values of test statistics (Z) for both the tests were within the acceptable 

range at 0,01 level of significance for all agro~clill1atic zones. Hence, the hypothesis of 110 

trend was not rejected. From this analysis it is confirmed that the trend component in water 
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deficit series of different agro-climatic zones is absent and the observed series were found to 

be trend frcc. 

Table 4.22 Test statistics (Z) value for trend identification for different stations 

Value of statistics (Z) 
Station 

Turning point test Kendall's rank correlation test 

Kothara 0.31 -0.71 
Radhanpur 1.11 1.43 

Rajkot -1.34 1.04 
Amreli -2.47 1.42 

SK Nagar -2.47 -1.66 
Khedbrahma -0.84 -0.15 

Arnej 1.11 -0.52 
Dhandhuka 0.00 -1.69 
Junagadh -1.08 -2.02 
Mahuva -1.67 -0.26 
Anand -2.47 -0.91 

Nawagam -1.85 -1.79 
Bharuch -2.47 2.02 

Surat -2.01 -0.67 
Navsari -0.62 -1.19 
Gandevi -0.56 -2.31 

Znfll ± 2.58 

4.7.3 Periodic Component 

Periodic component is easily identified by its cyclic phenomenon imposed on the 

series, provided the series is trend free. Presence of periodic component in a series is detected 

through the construction of a correlogram, which is a graph showing the relationship between 

the autocorrelation nmctions on the ordinate and lag K on the abscissa. For proper 

identification and interpretation of autocorre]ogram, the estimate of autocorrelation function 

for weekly "vater deficit was made for all the agro-climatic zones of Gujarat. 

4.7.3.1 Autocorrelation analysis 

The autocorrelation functions for the weekly time senes up to lag 104 were 

determined from Equation (3.32) which has been used to identify the periodic component in 

the time series. Correlograms for the weekly observed series along with the tolerance limit 

estimated by Equation (3.33) for an independent series are shown in Figures 4.15a to 4.15d. 

The resultant oscillating shape of the autocorrelogrm shows the presence of periodicity in the 

time series. Moreover, in all stations the weekly serial correlogram have peaks at about 52 

and 104, and troughs at about 26 and 78 with the base period of 52. It is also seen that some 

of the autocorrelogram of the time series fall out of the confidence limits for all the stations, 

indicating the presence of time dependant series, i.e., X(t+l) is dependent all X(t), and X(t+2) is 

dependant on XU+1), and so on. Values of lag one autocorrelation coefficients for the series lies 

outside the range of confidence limit and is significantly different from zero which contirms 

the mutual dependence in water deficit observed series. 
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4.7.3.2 Selection of significant harmonics 

Once the presence of periodic component in the series is detected, the estimation and 

removal from the time series is done through hannonic analysis. The periodic time series 

usually is not stationary. It is expanded into a Fourier series representation using Equation 

(3.40). To estimate the coefficient of hamlOnics to be fitted in the periodic component, the 

numbers of harmonics that significantly contribute to periodicities were identified through the 

follm.ving three different test approaches: 

Ana(vsis of variance: To determine the number of significant harmonics to be fitted in the 

periodic series, estimates of ex. and ~ parameters were computed. Using periodic mean 

estimated from observed weekly water deficit series, the parameters ex. and p were determined 

using Equations (3.45) to (3.48) for half the base period of series. For a discrete series, the 

number of possible harmonics is finite which, together with the amplitude and phase 

differences, can be estimated from an observed sequence (Kottegoda, 1980). Therefore, only 

fely" harmonics significantly contribute to periodicity and the rest of harmonics were treated as 

white noise. Tables 4.23a to 4.23p show the estimates of the parameters along with amplitude 

and explained variance for weekly time series. The numbers of significant hannonics have 

been then detected from the analysis of variance given in Tables 4.24a to 4.24p. In this 

analysis, the parameters ex. and ~ were evaluated for all hannonics considered in weekly series 

to obtain the estimated F-values. The hannonics for which F ratio were greater than the table 

value of F at 0.05 level of significance have been considered as significant hannonics. 

The analysis of variance (Tables 4.24a to 4.24p) revealed that three harmonics each 

for Kothal'4l.. Radhanpur and Dhandhuka, four hamlonics each for Rajkot, Amrcli, SK Nagar, 

Khedbrahma, Amej, Junagadh, Anand, Nawagam, Surat, Bhamch, Navsari and Gandevi and 

two hamlOl1ics for Mahuva were found to be significant in weekly water deficit series. 

Table 4.23n Fourier series coefficients for weekly water deficit at Kothara 

Ampli- Expl. 
CUIII. 

Amp Ii- Expl. CWIl. expl. Ol'llcr Alpha Beta expl. Ol'llel' Alpha Beta tude val'. tude Val'. val' 
\'1U' 

1 11.52 ·3.32 11.99 5&.50 58.50 14 -0.04 0.41 0.41 0.07 97.73 

2 ·!<.O9 -4.47 9.24 34.75 93.25 15 -0.58 -0.21 0.61 0.15 91.88 

3 2.74 0.45 2.78 3.14 96.38 16 0.19 0.18 0.26 0.03 97.91 

4 -1.15 -0.23 1.17 0.56 96.94 17 ·0.05 -0.17 0.18 0.01 97.92 

5 0.22 0.17 0.28 0.03 96.97 18 0.09 0.01 0.09 0.00 97.92 

6 -0.05 -0.04 0.06 0.00 96.97 19 -0.23 -0.09 0.25 0.(l2 97.95 

7 -0.27 ·0.17 0.32 0.04 97.01 20 -0.05 -0.03 0.06 0.00 97.95 

X ·0'(J9 0.47 0.47 0.09 97.11 21 0.51 -0.16 0.53 0.12 98.06 

9 0.10 -0.42 0.43 0.08 97.18 22 -0.23 0.18 0.29 0.03 98.10 

10 -0.16 -0.04 0.16 0.01 97.19 23 -0.11 -0.30 0.32 0.04 98.14 

II -0.23 ·0.45 0.51 0.10 97.30 24 -0.35 0.17 0.39 0.06 98.20 

12 0.72 0.26 0.76 0.24 97.53 25 0.14 -0.43 0.45 0.08 98.28 

13 -0.54 ·0.13 0.56 0.13 97.66 26 0.00 0.45 0.45 0.08 9&.36 
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Table 4.23b Fourier series coefficients for weekly water deficit at Radhan}lUr 

Cum. Ampli- EXI)l. 
Cum. 

Order Alpha Beta 
Ampli- Ex))!. 

expl. Order Aillha Beta expJ. 
tude val'. tude "ar. 

var val" 

1 13.74 -6.02 15.00 57.98 57.98 14 -0.24 0.41 0.47 0.06 97.71 

2 -10.64 -3.85 11.32 33.00 90.98 15 -0.11 -0.16 0.20 0.01 97.72 

3 4.60 -0,48 4.62 5.50 96.48 16 0.12 0.01 0.12 0.00 97.72 

4 ·1.57 0.47 U4 0.69 97.17 17 0.08 -0,35 0.36 0,03 97.75 

5 OAG -D.22 0.52 0,07 97.24- 18 -0.29 0.36 0.46 0.05 97.81 

6 -0,13 0.14 n.19 0.01 97.25 19 0.21 -0.27 0.34 0,!)3 97.84 

7 -0.42 -0.2l) 0.51 0.07 97,32 20 -0.68 -0,(13 0,68 0.12 97.96 

8 0.07 0.25 0.26 0.02 97.34 21 0.56 0.04 0.56 0,08 98.()4 

9 ·1l,19 -0.31 0.36 0.03 97,37 22 -0.68 -0.14 0.70 0,}3 98.16 

10 0.31 0.56 0.64 0.10 97.47 23 0,37 -0.18 0.41 0,04 98,20 

11 -0,23 -0.69 0.73 0.14 97,61 24 -0,46 ·0.10 0.47 0,06 98.26 

12 0.17 0.27 0.32 0,03 97,64 25 0.19 -0.12 0,23 O,()} 98.27 

13 0.06 -0.21 0.21 O.Dl 97.65 26 0.00 0,43 0,43 0,05 98.32 

Table 4.23c Fouricr sClies coefficients for weeldy water deficit at Rajkot 

Amll1i- Ex}!l. Cum. 
Ampli- Expl. 

Cum. 
Order Alpha Beta exp!. Order Alpha Betn e.xpl. 

tude "al'. tude vnl'. 
val' val' 

1 19.13 -3.22 19.40 63.67 63.67 14 0.20 0,25 U.32 0.02 97.72 

2 -12.34 ~3.73 12.89 28.11 91.77 15 -(U8 ·0.15 0.23 0.01 97,73 

3 4.2l) 1.66 4.60 3.58 95,35 16 -0.22 0,33 0.39 0.03 97.75 
1-------. 

-2,22 3.03 1.55 96,90 17 -0.06 -0,24 0,24 97.76 -+ I -2,O(j n,o 1 

-----Sl'- 0.82 1.36 1.59 0,43 97.33 18 -0.52 0,25 0,58 0.06 97.82 

6 -0.26 -1l,3G 0.4-+ 0,03 97,36 19 0.51 0,05 0,51 0.04 97.87 

7 -O..J.5 0.43 0.63 0.07 97.43 20 -0.77 -0.08 0,77 0.10 97.97 
8 ·0.33 -(J.48 D.58 0,06 97.48 21 0.65 -0.18 0,68 0,08 98.04 
9 -0,11 -0.12 0.17 om 97.49 22 -0.49 0,05 0,50 0,04 98.08 
]0 -0,02 0.62 0.62 0,07 97.55 23 0.21 0,09 0,23 om 98.09 

11 -0,39 -0.60 0.72 0,09 97,64 24 ~0.44 -0.34 0.55 0,05 98.15 
12 0.36 0.35 0.50 0,04 97.6& 25 0.49 0,03 0.49 0,04 98.19 
13 .() .21 -(),27 0.34 0,02 97,70 26 0.00 0.48 0.48 0,04 98.22 

Table 4.23d Fourier series coefficients for weekly water deficit at Amreli 

Ampli- Expl. 
Cum. 

Antpli- Ex pI. 
Cum. 

Order Alpha Beta expl. Order AIJlba Beta expl. tude Yal'. tude val'. 
VllI' val' 

1 17,75 -0.26 17,75 64.76 64.76 14 0.15 0.08 n.17 O.ol 97.84 
2 -10.69 -4,85 11.74- 28.35 93,11 15 -0.15 0.00 0,15 0.01 97.85 
3 2.29 1.72 2.87 1.69 94,80 16 -0.17 0.11 0,20 0,01 97.86 
4 -0.27 -2.82 2.84 1.66 96.46 17 -0.38 -0.34 0,51 0,05 97.9] 
5 0.55 1.78 1.87 0,72 97.17 18 0.31 lUI 0,33 0,02 97.93 
6 0.39 -0.68 0.78 0.13 97.30 19 -0.09 -0.18 0.20 0,01 97.94 
7 -l.02 0.65 1.21 0.30 97.60 20 -0.38 0,08 0.39 0.03 97.97 
8 0.00 -0.58 (),58 0.07 97.67 21 0,15 -0.09 0.18 0.01 97.98 
9 -0.l4 -0.35 0.37 0.03 97.70 22 0.05 0.00 0.05 0.00 97.98 

10 0.21 0.53 0,57 0.07 97.76 23 om 0.17 0,17 0.01 97.99 
1 I -n.27 -0.27 0,39 0.03 97.79 24 -0.43 ·0.48 0.64 0.08 98.07 
12 0.13 0.37 0,39 0.03 97.83 25 0,73 0.00 0.73 0.11 98.18 
13 -0.14 -0,20 0.25 0,01 97.84 26 0,00 0.46 0.46 0.04 98,22 

164 



Table 4.23e Fourier sClies coefficients for weekly water deficit at SK Nagar 

Expl. 
Cum. Amp li- EXIII. 

Cum. 

Order Alpha Beta 
Ampli- expJ. Order AJllha Beta cxpl. 

tude val'. tude var. 
var ,'ar 

I 13.97 -7.DO 15.62 63.55 63.55 1-1- 0.21 0.48 0.52 0.07 98.06 

2 -!J.g5 -2.79 10.23 27.27 90.82 15 -0.22 0.05 0.23 0.01 98.07 

3 ..J..51 -0.83 4.59 5.49 96.31 16 l).II -0.23 0.25 0.02 98.09 

..J. -lAO 1.38 l.97 l.01 97.31 17 -0.32 -0.26 0.42 0.05 98.13 

5 n.92 -0,31 0.97 0.24 97.56 18 0.26 -0.07 0.27 0.02 98.15 

G -0.56 0.37 0.67 0.12 97.68 19 0.05 0.08 0.10 O.O[) 98.16 

7 -0.04 ·().32 0.33 0.D3 97.70 20 -0.01 0.09 0.09 0.00 98.16 

R (UI -O.ll 0.24 0.02 97.72 21 0.05 -0.10 0.11 O.OD 98.16 

9 -0.07 -0.37 0.38 0.04 97.76 22 -0.09 -0.14 0.16 0.01 98.17 

10 0.56 0.3.1- 0.66 0.11 97.87 23 0.02 0.21 0.21 0.01 98.18 

11 -0.29 -0.30 0.42 0.05 97.91 24 -0.15 -0.11 0.19 0.01 98.19 

12 0.33 0.20 0.38 0.04 97.95 25 0.05 -0.04 0.07 0.00 98.19 

13 -0.33 -0.19 0.38 0.04 97.99 26 0.00 0.32 0.32 0.03 98.22 

Table 4.23f Fourier series coefficients for weekly water deficit at Khedbrahrnll 

Ampli- Expl. Cum. AmI)li- EXJlI. 
Cum. 

Order Alpha Beta eXI)!. Order Alphll Beta expl. 
tude val'. tude V~lr. 

val' var 
I 14.79 -3A9 15.19 61.57 61.57 14 D.OS 0.44 0.44 0.D5 97.90 

2 -9.72 -3.15 10.22 27.83 89.4() 15 -0.26 -0.11 0.28 0.02 97.93 

3 4.53 0,67 4.58 5.59 94.99 16 -0.09 0.02 0.09 (). DO 97.93 

4- ·2.0ll ·1.23 2.35 l.47 96.46 17 0.14 -0.45 0.47 0.06 97.99 

5 l.02 UO LSD 0.60 97.06 18 ·(l.O9 Cl.03 0.09 0.00 97.99 
() ().20 ·0.83 0.85 0.l9 97.26 19 0.15 om n.17 O.DI 98.00 

7 -0.55 nAil O.G8 0.13 9738 20 -0.18 -0.16 0.24 0.02 98.01 

8 0.31 0.20 0.37 0.04 97.42 21 0.23 0.17 0.28 om 98.03 

9 CUI -0.82 D.83 0.l8 97.60 22 -0.33 -0.07 0.34 0.()3 98.06 

10 0.44 0.62 n.76 0.16 97.75 23 -0.12 0.06 0.14 0.01 98,07 

11 -0.30 -0.32 0.44 0.n5 97.81 24 -0.12 -0.52 0.53 0.08 98.14 

12 -CUll 0.21 0.21 0.01 97.82 25 0,24 0.29 0.38 0.04 98.l8 
13 (1.10 -0.34 0.36 0,03 97.85 26 0.00 0.25 0.25 0.02 98.20 

Table ~.23g Fourier series coefficients for weekly water det'icit at Arne.; 

Ampli. ExpI. Cum. 
Ampli- EXfll. 

Cum. 
Order Alpha Bet~l eX1I1. Order A1I)ha Beta cxpl. tude val'. tude val'. val' val' 

1 19.74 -3.37 20.02 68.65 68.65 14 0.40 0.16 0.43 0.03 97.91 
2 -1l.44 -3.76 12.04 24.82 93.47 15 -0.63 -0.08 0.64 0.07 97.98 
3 3.72 1.39 3.97 2.70 96.16 16 0.57 0.13 0.58 0.06 98.04 
..J. -1.57 -1.93 2.48 1.06 97.22 17 -0,14 -0.06 0.15 D.OO 98.04 
5 0.53 1.23 1.34 0.31 97.52 18 om 0.13 0.14 0.00 98.04 
6 0.10 -0.71 0.72 0.09 97.61 19 -0.01 0.18 0.18 om 98.05 
7 -0.41 0.56 0.69 0.08 97.69 20 -0.23 -0.39 0.45 0.04 98.08 
8 0.33 -0.66 0.74 0.09 97.79 21 -0.31 0.10 0,33 0.02 98.10 
9 -0.50 0.25 0.56 0.05 97.84 22 0.28 0.10 0.29 0.02 98.12 
10 0.26 0.13 0.29 0.02 97.86 23 -0.09 -0.17 0.19 om 98.12 
11 -0.27 -0.18 0.33 0.02 97.87 24 -0.03 ·0.09 0.10 0.00 98.13 
12 0.04 0.09 0.10 0.00 97.87 25 0.50 -0.07 0.50 0.04 98.17 
13 -().08 0.09 0.12 0.00 97.88 26 0.00 0.38 0.38 0.03 98.19 
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Table 4.23h Fourier series coefficients fo), weeldy water deficit at Dhandhulm 

Cum. Ampli- EXI)l. 
Cum. 

Order Alpha Beta 
Ampli- EXI)I. expl. Order Alpha Beta expl. 

tude var. tude v~\r. 
var val' 

I 17.89 -3.12 18.16 68.81 68.81 14 -0.10 -0.41 0.42 0.04 97.95 

2 -10.10 -4A3 1l.03 25.37 94.18 15 0.28 0.13 0.31 0.02 97.97 

3 2.83 1.47 3.19 2.12 96.29 16 0.07 -0.26 0.27 0.02 97.99 

..). -D.75 -l.67 l.83 0.70 96.99 17 -0.04 0.37 0.38 0.Q3 98.02 

5 (Un l.Ui 1.16 0.28 97.28 18 0.15 -0.22 0.27 0.02 98.03 

6 0.47 -0.74 0.87 0.16 97.44 19 -lUO 0.43 0.44 0.04 98.07 

7 -D.59 0.53 0.79 0.13 97.57 20 -0.45 -0.16 0.48 0.05 98.12 

8 (lA5 -0.09 0.46 0.05 97.61 21 0.01 -0.13 0.13 O.O() 98.13 

9 ·[),45 -0.13 0.47 0.05 97.66 22 -0.04 0.00 0.04 0.00 98.13 

10 -(US 0.44 ll.56 lUJ7 97.72 23 0.02 n.21 n.21 0.01 98.14 

II 0.+4 -ll.41 [l.60 n.08 97.80 24 0.l3 -0.38 0.40 0.03 98.17 

12 -0.62 0.19 0.65 0.09 97.89 25 0.11 -0.27 0.29 0.02 98.19 
.' 

13 0.28 0.26 0.38 0.03 97.92 26 o.on 038 0.38 0.G3 98.22 

Table ".23i Fourier sel;es coefficients for weeldy water deficit at Junagadb 

AmJlIi- EXIJI. 
Cum. Ampli- Expl. 

Cum. 
Order AI,Jha Beta expl. Order Alpha Beta expJ. 

tude var. tude var. 
var var 

I 19.07 2.08 19.19 70.45 70.45 14 0.30 0.41 0.51 G.05 97.97 

2 -]() 23 -4.65 11.24 24.18 94.63 15 -0.42 -0.50 0.66 0,08 98,06 

3 1.50 1.82 2.35 1.06 95.69 16 -0,n2 0.20 l),21 0,01 98,06 

4 -IU~8 -2.24 2,4,0 1.11 96.80 17 -0.01 -0.13 0.13 O.DO 98.07 

5 0.74 1.29 1.48 (J,42 97,22 18 O,() 1 0.18 0,18 0.Dl 98.07 
r, 0.19 -0.74 0.76 0.11 97.33 19 -lJ,16 -0,15 0.22 0.01 98.08 

7 -1.00 OJ] 1.13 0.24 97.57 20 -0.06 -0.05 0.08 0.00 98,()S 

8 -D.06 -0.60 D.60 0,07 97.64 21 -0.06 -0.22 0.23 0,01 98.09 

9 -0.33 -0,28 0.43 0.04 97.68 22 -O.lS -0.25 D.31 0,02 98,11 
]() 0.47 0.30 0.56 0,06 97,74 23 -0.03 -0.12 D,12 0.00 98.11 
II -1).+5 -0.24 0.51 0.05 97,79 24 -0,16 -0.27 (UI 0,02 98.13 

J2 0.67 0.41 0.79 0.12 97,90 25 -0,02 0,31 0,31 0.02 98.15 
13 -().O2 -0.32 0.32 0.02 97.92 26 0.00 0.42 0.42 0.03 98.19 

Table 4.23j Fourier series coefficients for weeldy water deficit at Mahuva 

Aml)li- Expl. Cum. 
Ampli- Expl. 

Cum. 
Order Al}lhll Beta expl. Order Al})ha Beta eXIlI. tude var. tude var. val" val' 

1 15.04 1,46 15.11 74.11 74, I 1 14 OAO 0.59 0.71 0.17 97.67 
2 -7.70 -2.67 8,15 21.55 95.66 15 -0,13 -0.19 0.23 0.02 97.69 
3 1.05 0.81 1.32 0.57 96,23 16 -0.03 (),13 0.14 0.01 97,69 
4 -0,71 -1.41 1.58 0.81 97.04 17 -0.09 -0.15 0.18 0.01 97.71 
5 0.20 0.43 0,47 0,07 97.11 18 0,07 -0.02 0.07 o,on 97.71 
6 0.25 -0.28 0.38 0,05 97.16 19 -0,05 -0.07 0.08 o on 97.71 
7 -0.38 om 0.38 0.05 97,20 20 -0.28 -0.18 0.33 0.04- 97.74 
8 (),11 -0.20 0,23 0.02 97.22 21 0.39 -0.29 0,48 0.08 97.82 
9 -0,48 -0.12 0.50 0.08 97.30 22 -0,73 -0,21 0,76 0.19 98.01 
10 0.49 0,12 0.50 0,08 97,38 23 0.44 -0,01 0.44 0.06 98,07 
11 -0.41 -0.14 0.43 0.06 97.44 24 -0.39 0.00 0.39 0,05 98.12 
12 0.00 0.34 0.34 0,04 97.48 25 0,19 0.00 0.19 0,01 98.13 
13 -0.01 -0.29 0,29 0.03 97,51 26 0,00 0.45 0.45 0.07 98.19 
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Tahle 4.23k Fourier series coefficients for weekly water deficit at Anand 

Cum. Amp Ii- Expl. 
Cum. 

Order Alpha Beta Amllli- EXlll. expI. Order AIIlha Beta expl. 
tude val'. tude var. 

val" val' 
1 15.64 -2.92 15.91 66.68 66.68 14 0.06 0.09 0.10 0.00 97.98 

2 -9.44 -3.34 lO.oI 26,41 93.09 15 -0.01 -0.03 0.03 0.00 97.98 

3 3.51 0.55 3.55 3.32 96.41 16 0.09 -0.12 0.15 0.01 97.99 
.j. -1.34 -1.l2 1.75 0.80 97.21 17 -0.05 0.09 0.10 a.oo 97.99 

5 n.59 1.11 1.26 0.42 97.63 18 -0.01 -0.09 0.09 0.00 97.99 

Ii -(),O8 -0.78 0.78 0.10 97.79 19 0.15 -0.03 n.15 0.01 98.00 

7 -0.03 0.51 0.51 n.07 97.86 20 ·G.07 -0.12 0.14 0.01 98.00 

8 Il.l 0 -0.29 tUO 0.02 97.88 21 0.12 0.22 0.25 0.02 98.02 

9 -0.31 O.tl4 (Ul (Un 97.91 22 -0.07 -0.40 OAO 0.04 98.06 

10 O.IS 0.16 0.24 0.02 97.92 23 -0.15 0.28 0,32 0.03 98.09 

11 -0.25 -tUI 0.32 0.03 97.95 24 0.07 -0.36 0.37 0.04 98.13 

12 D.29 D.IS 0.34 0.03 97.98 25 0.09 n.33 0.34 0.03 98.16 

13 0.02 -0.02 fUB 0.00 97.98 26 n.oo 0.28 0.28 0.02 98.18 

Table 4.231 Fourier selies coefficients for weekly water deficit at Nawagam 

Ampli- Expl. Cum. Ampli- Expl. 
Cum. 

Order Al}lha Beta expl. Order Alpha Beta eXIll. 
tude var. tude val'. var var 

1 17.27 -3.51 17.62 65.20 65.20 14 0.16 -0.09 0.18 0,01 97.68 

2 -10.87 -2,48 11.15 26.11 91.31 15 -0.04 0.11 0.12 0.00 97.69 

3 4.56 0.93 4.65 4.54 95.85 16 -0.41 -0.15 0.43 0.04 97.72 

4 -1.62 -0.82 1.81 0.69 96.54 17 0.38 0.22 0,4.4 0.04 97.76 

5 0.85 1.55 1.77 0.66 97.20 18 -0.27 -0.29 0.40 0.03 97.80 

G -0.03 -1. 00 1.00 0.21 97.41 19 0.31 0.16 0,35 0.03 97.82 

7 -0.26 0.57 0.63 0.08 97.49 20 -0.27 -0.04 0.27 0,02 97.84 

8 0.13 -0.20 0.24 0.01 97.50 21 0.45 0,30 0.55 0.06 97.90 

9 -0.51 -0.24 0.57 0.07 97.57 22 -0.50 -0,31 0.59 0.07 97.97 

10 0.28 0.45 0.53 0.06 97.63 23 0.12 0.42 0.44 0.04 98.01 

11 -(Un -0,37 0.37 om 97.66 24 -0.26 -0.52 0.58 0.07 98.09 
12 0.01 O.()3 0,03 0.00 97.66 25 0.13 0.50 0.51 0.06 98.14 
13 0.05 0.30 0.30 0.02 97.68 26 0.00 0,36 0.36 0.03 98.17 

Table .... 23m Fourier seIies coefficients fOJ' weeWy water deficit at Bhllruch 

Ampli- ExpI. Cum. 
AmIlIi- EXilI. 

Cum. 
Order Alpha Beta expl. Ol'der Alpha Beta expl. tude var. tude var. val' val' 

1 17.99 -1.56 18.05 70.40 70.40 14 0.00 0.21 0.21 0,01 98.07 
2 -9,48 -4.11 10.33 23.07 93.46 15 0.05 -0.17 0.17 0.01 98.08 
3 3.08 1.72 3.53 2.69 96.15 16 -0.29 -0.08 0.30 0.02 98.09 
4 -0.82 -2.21 2.36 1.20 97,36 17 -0.14 -0.02 0.14 0.00 98.10 
5 0.45 1.34 1.41 0.43 97.79 18 -0.12 -0.06 0.14 O.O() 98.10 
6 0.12 -0.38 0.40 0.04 97.82 19 0.06 0.09 0.11 0.00 98.11 
7 -0.27 0.52 0.58 0.07 97.89 20 0.05 0.07 0.09 0.00 98.11 
8 0.16 -(l,40 0.43 0.04 97.93 21 0.31 -0.03 0.31 0.02 98.13 
9 -0.25 -0.26 0.36 0.03 97.96 22 0.10 -0.03 0.10 0.00 98.13 
10 0.20 0.30 0.36 0,03 97.99 23 0.05 -0.26 0.26 0.02 98.15 
11 ·0.17 -0.32 0.36 om 98.02 24 -0.21 0.00 0.21 0.01 98.16 
12 0.06 0.44 0.44 0.04 98.06 25 0.l4 0.13 0.20 0.01 98.16 
13 0.05 -0.07 0.09 o.no 98.06 26 0.00 0.32 0.32 0.02 98.19 
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Tahle 4.23n Fourier series coefficients for weeldy water deficit at Surat 

Cum. Amilli- Expl. 
Cum. 

Order Alpha Beta 
Ampli- Expl. expl. Ol'der Alpha Beta expI. 
tude val'. tude val'. 

val" var 
• 

I 17.17 0.31 17.17 73.28 73.28 14 0.06 -0.06 0.09 a.oo 98.06 

2 -8.07 -3.98 9.00 ZO.13 93.41 15 -D.06 0.07 0.09 0.00 98,06 

3 2AO 1.89 3.06 2.32 95.74 16 0.01 -0,12 0.12 0.00 98.06 

4 -1.07 -2.14 2.39 1.42 97.16 17 -0.12 0.07 0.14 0.01 98.07 

5 (l.78 1.34 1.55 (l.60 97.75 18 0.16 0.02 0.16 0,01 98.08 

6 -0.07 -0.43 0.43 0.05 97.80 19 -0.03 -0.03 (l.05 0.00 98.08 

7 0.04 0.66 0.66 0.11 97.91 20 -0.07 (U8 0.19 0.01 98.09 

g. ().O& -0.52 0.53 0.07 97.98 21 0.13 -0.13 0.18 0.01 98.09 

9 -o.:n n.l3 0.39 (U)4 98.01 22 0.09 -O.lO 0.13 0.00 9&.10 

10 (l.12 n.DS 0.14 0.0] 98.02 23 -0.17 -().O7 0.19 0.01 9S.11 

II -(J.20 -O.IS 0.24 lUl2 98.03 24 0.07 0.02 0.08 O. ()[) 98.11 
.' 

12 (), II 0.24 0.26 0.02 98.05 25 -0.09 -(US 0.39 0.04 98.15 

J:1 -0.03 -0.16 0.17 0.01 98.06 26 0.00 0.34 0.34 0,03 98.17 

Table 4.230 Fouriel" series coefficients for weekly water deficit at Nllvsari 

AmpJi- Exp!. 
Cum. 

Amllli- EXI)). 
Cum. 

Order Alpha Beta expl. Order Alpha Beta expl. 
tude val'. tude var. 

Vllr var 
I 17A9 1.65 17.57 73.32 73.32 14 0.17 0.15 0.23 0.01 97.99 

2 -8.17 -4.10 9.14 19.87 93.19 15 -0.12 -0.35 0.37 0.03 98.02 

3 1.88 2.10 2.82 1.89 95.08 16 0.02 0.19 0.19 0.01 98.03 

..J -0.53 -2.57 2.62 1.64 96.71 17 0.02 -(l.01 0.03 0.00 98.03 

5 0.44 1.64 l.70 0.68 97.39 18 0.06 -0.03 0.07 0.00 98.03 

6 0.23 -0.75 0.78 0.14 97.54 19 0,07 -0.11 0.13 G.OO 98.03 

7 -0.59 0.74 0.94 0.21 97.75 20 0.09 0.10 0.14 0.00 98.04 

8 0.48 -0.46 0.66 0.11 97.85 21 0.20 -0.20 0.29 0.D2 98.06 
l) -0.55 (j.!)3 n.55 D.07 97.92 22 -0.07 -0.07 O.W D.OO 98.06 

10 0.21 (l.O6 0.22 0.01 97.94 23 0.24 -O.U? 0.25 am 98.07 

11 -lUG 0.05 0.27 0.02 97.95 24 -0.41 -0.10 0.42 0.04 98.12 
12 0.19 0.20 n.27 0.02 97.97 25 0.G7 0.22 0.23 O.cll 98.13 
13 -0.14 -0.08 0.16 0.01 97.98 26 0.00 0.35 0.35 0.03 98.16 

Table 4.231' Fouricl' series coefficients for weekly water deficit at Gandevi 

Ampli- Exl'l. 
Cum. 

Ampli- Ex.pl. 
Cum. 

Order Alpha Beta ex»]. Order Alpha Beta cxpl. tude var. tude val'. var val" 
1 16.25 0.02 16.25 72.29 72.29 14 0.06 0.47 0.47 0.06 97.58 
2 -7.70 -3.43 8.42 ] 9.42 91.71 15 0.11 -0.59 0.60 0,10 97.68 
3 l.90 1.93 2.71 2.01 93.72 16 -0.24 0.52 0.58 0,09 97.77 
4 -0.46 -2.51 2.55 1.78 95.50 17 0.24 -0.23 0.33 O.()3 97.80 
5 0.15 1.53 1.54 0.65 96.15 18 ·0.14 0.14 0.20 0.01 97.8] 
6 0.52 -D.91 1.05 0.30 96.44 19 0.25 -0.39 0.46 0.06 97.87 
7 -0.51 {J.1l0 0.95 0.25 96,69 20 -0.29 0.18 0.34 0.03 97.90 
8 0.74 -0.58 0.94 0.24 96.93 21 D.33 -0.16 0.37 0.04 97.94 
9 -0.81 0.09 0.82 0.18 97.12 22 -0.36 -0.14 0.38 0.04 97.98 
10 0.66 0.05 0.67 0.12 97.24 23 0.40 0,00 0.40 0.05 98.02 
II -0.51 -0.44 0.68 0.13 97.36 24 -0.24 -0.33 0.41 0.05 98.07 
12 0.23 0.62 0.66 0.12 97.48 25 0.23 0.39 0.45 0.06 98.13 
13 -0.06 -0.39 0.39 0.04 97.52 26 0.00 0.26 0.26 0.02 98.15 
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Table 4.24a Analysis of variance of weekly water deficit at Kothara 

Degree of Sum of Mean 
Feal 

F(ab 
S.No. Harmonic 

freedom Squares squares 0.01 0.05 

I 5,1'i.---,26 43 2545.1 59.2 0.29 1.57 1.38 

2 Residual 1412 288770.6 204.5 

3 4 3 999.6 333.2 l.67 3.78 2.6 

4 Residual 1452 290316.1 199.9 

1 4,5, ---,26 45 3544.7 78.8 0.39 1.56 1.37 

2 Residual 1410 28777l.0 204.1 
.., 

3 2 5606.4 2803.2 14.26 4.61 3 ..) 

4 Residual 1453 285709.3 196.6 

1 3.4, ---,26 47 9151.1 194.7 0.97 l.55 1.37 

2 Residual 1408 282164.6 200.4 

3 2 2 62126.9 31063.5 196.93 4.61 3 

4 Residual 1453 229188.7 157.7 

1 2,3, ---,26 49 71278.0 1454.7 9.29 l.54 l.36 

2 Residual 1406 220037.7 156.5 

3 I 2 104584.9 52292.5 406.90 4.61 3 

4 Residual 1453 186730.8 128.5 

Table 4.24h Analysis of variance of weekly water deficit at Radhanpur 

Degree of Sum of Mean Ftab 
S.No. Harmonic Fe"l freedom Squares squares 

0.01 0.05 

1 5,6,---,26 43 2318.8 53.9 0.l8 1.57 l.38 

2 Residual 996 295400.8 296.6 

3 4 3 1392.7 464.2 l.62 3.78 2.6 

4 Residual 1036 296326.9 286.0 

1 4,5, ---,26 45 3711.5 82.5 0.28 1.56 l.37 

2 Residual 994 294008.1 295.8 
.., 

3 2 11101.l 5550.6 20.08 4.61 3 .J 

4 Residual 1037 286618.5 276.4 

1 3,4, ---,26 47 14&12.6 315.2 1.11 1.55 1.37 
2 Residual 992 282907.0 285.2 
3 2 2 66613.9 33306.9 149.45 4.61 3 
4 Residual 1037 231105.7 222.9 
1 2,3, ---,26 49 81426.5 166l.8 7.61 l.54 l.36 
2 Residual 990 216293.1 218.5 
3 I 2 117030.6 58515.3 335.83 4.61 3 
4 Residual 1037 180688.9 174.2 
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Table 4.24c Analysis of variance of weekly water deficit at Rajkot 

S.No. Harmonic 
Degl'ee of Sum of Mean 

Feul 
Ftab 

freedom Squares squares 0.01 0.05 

1 5,6,---,26 43 4884.6 113.6 0.26 l.57 1.38 

2 Residual 1204 520760.6 432.5 

3 4 3 5710.1 1903.4 4.55 3.78 2.6 

4 Residual 1244 519935.1 418.0 

1 4,5, ---,26 45 10594.7 235.4 0.55 l.56 1.37 

2 Residual 1202 515050.5 428.5 

3 3 2 13204.0 6602.0 16.04 4.61 3 

4 Residual 1245 512441.2 411.6 

1 3,4, ---,26 47 23798.7 506.4 1.21 1.55 1.37 

2 Residual 1200 501846.5 418.2 

3 2 2 103629.3 51814.6 152.86 4.61 3 

4 Residual 1245 422015.9 339.0 

1 2,3, ---,26 49 1274280 2600.6 7.82 1.54 1.36 

2 Residual 1198 398217.2 332.4 
.... I 2 234743.3 117371.7 502.33 4.61 3 .J 

4 Residual 1245 290901.9 233.7 

Table 4.24d Analysis of variance of weekly watel' deficit at Amreli 

S.No. Harmonic 
Degree of Sum of Mean 

Felli 
Ftab 

freedom Squares squares 
0.01 0.05 

1 5,6,---,26 43 6248.5 145.3 0.40 1.57 1.38 

2 Residual 1412 517736.7 366.7 

3 4 3 5860.0 1953.3 5.47 3.78 2.6 

4 Residual 1452 518125.2 356.8 

1 4,5, ---,26 45 12108.5 269.1 0.74 1.56 1.37 

2 Residual 1410 511876.7 363.0 

3 3 2 5985.6 2992.8 8.39 4.61 3 
4 Residual 1453 517999.6 356.5 

1 3,4, ---,26 47 18094.1 385.0 1.07 1.55 1.37 
2 Residual 1408 505891.1 359.3 
., 

2 2 100357.0 50178.5 172.11 4.61 3 .J 

4 Residual 1453 423628.2 291.6 
1 2,3, ---,26 49 118451.1 2417.4 8.38 l.54 1.36 
2 Residual 1406 405534.1 288.4 
3 1 2 229284.8 114642.4 565.24 4.61 3 
4 Residual 1453 294700.5 202.8 
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Table 4.24e Analysis of variance of weekly water deficit at SK Nagar 

Harmonic 
Degree of Sum of Mean 

Feul 
Ftab 

S.No. freedom Squares squares 0.01 0.05 

I 5,6,---,26 43 2523.0 58.7 0.19 1.57 1.38 

2 Residual 1412 429385.4 304.1 

3 4- 3 2813.2 937.7 3.17 3.78 2.6 

4 Residual 1452 429095.1 295.5 

1 4,5, ---,26 45 5336.2 118.6 0.39 1.56 1.37 

2 Residual 1410 426572.2 302.5 

3 3 2 15339.0 7669.5 26.75 4.61 3 

4 Residual 1453 416569.3 286.7 

1 3,4, ---,26 47 20675.2 439.9 l.51 1.55 1.37 

2 Residual 1408 411233.2 292.1 

3 2 2 76243.8 3812l.9 155.74 4.61 3 

4 Residual 1453 355664.6 244.8 

1 2,3, ---,26 49 96919.0 1977.9 RJO 1.54 1.36 

2 Residual 1406 334989.4 238.3 

3 1 2 177647.4 88823.7 507.59 4.61 3 

4 Residual 1453 25426l.0 175.0 

Table 4.24f Analysis of variance of weekly water deficit at Khedbrahma 

S.No. Harmonic 
Degree of Sum of Mean 

Feal 
Ftab 

freedom Squares squares 
0.01 0.05 

1 5,6,---,26 43 4061.5 94.5 0.39 1.57 1.38 

2 Residual 1204 293267.3 243.6 

3 4 3 3447.0 1149.0 4.86 3.78 2.6 

4 Residual 1244 293881.9 236.2 

I 4,5, ---,26 45 7508.5 166.9 0.69 1.56 1.37 

2 Residual 1202 289820.3 241.1 

3 3 2 13066.5 6533.3 28.61 4.61 3 

4 Residual 1245 284262.3 228.3 
1 3,4, ---,26 47 20575.0 437.8 1.90 1.55 1.37 
2 Residual 1200 276753.8 230.6 
3 2 2 65102.3 32551.1 174.51 4.61 3 
4 Residual 1245 232226.6 186.5 
1 2,3, ---,26 49 85677.3 1748.5 9.90 1.54 1.36 
2 Residual 1198 211651.5 176.7 
3 1 2 144032.6 72016.3 584.88 4.61 3 
4 Residual 1245 153296.2 123.1 
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Table 4.24g Analysis of variance of weekly water deficit at Arnej 

Harmonic 
Degree of Sum of Mean 

Feal 
Ftab 

S.No. freedom Squares squares 0.01 0.05 

1 5 6 --- 26 " , 43 2967.4 69.0 0.18 1.57 1.38 

2 Residual 996 389793.4 391.4 
,., 

4 3 3204.2 1068.1 2.84 3.78 2.6 .) 

4 Residual 1036 389556.6 376.0 

1 4,5, ---,26 45 6171.6 137.1 0.35 1.56 1.37 

2 Residual 994 386589.2 388.9 

3 3 2 8184.2 4092.1 11.03 4.61 3 

4 Residual 1037 384576.6 370.9 

1 3.4. ---,26 47 14355.8 305.4 0.80 1.55 1.37 

2 Residual 992 378405.0 381.5 
., 

2 2 75346.5 37673.3 123.08 4,61 3 .) 

4 Residual 1037 317414.3 306.1 

1 2,3, ---,26 49 89702.3 1830,7 5.98 1.54 1.36 

2 Residual 990 303058.5 306.1 
., 

1 2 208440.6 104220.3 586.35 4.61 3 .) 

4 Residual 1037 184320.2 177.7 

Table 4.24h Analysis of variance of weekly water deficit at Dhandhulm 

S.No. Harmonic 
Degree of Sum of Mean 

Feal 
Ftab 

freedom Squares squares 
0.01 0.05 

1 5,6,---,26 43 3043.4 70.8 0.20 1.57 1.38 

2 Residual 996 346285.6 347.7 

3 4 3 1746.2 582.1 1.73 3.78 2.6 

4 Residual 1036 347582.8 335.5 

1 4,5, ---,26 45 4789.6 106.4 0.31 1.56 1.37 

2 Residual 994 344539.4 346,6 

3 
.., 

2 5280,9 2640.4 7.96 4.61 3 .) 

4 Residual 1037 344048.1 331.8 

1 3,4, ---,26 47 10070.5 214.3 0.63 1.55 1.37 

2 Residual 992 339258.5 342.0 
3 2 2 63214.0 31607.0 114.56 4.61 3 
4 Residual 1037 286115.0 275.9 
1 2,3, ---,26 49 73284.5 1495,6 5.36 1.54 1.36 
2 Residual 990 276044.5 278.8 
3 1 2 171480.1 85740.1 499.93 4.61 3 
4 Residual 1037 177848.9 171.5 
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Table 4.24i Analysis of variance of weekly water deficit at Junagadb 

S.No. Harmonic 
Degree of Sum of Mean 

Feal 
Ft• b 

freedom Squares squares 0.01 0.05 

1 5,6,---,26 43 5282.044 122.8382 0.36 1.57 1.38 

2 Residual 1412 488250.1 345.7862 

3 4 3 4202.261 1400.754 4.16 3.78 2.6 

4 Residual 1452 489329.9 337.004 

I 4,5, ---,26 45 9484.305 210.7623 0.61 l.56 1.37 

2 Residual 1410 484047.8 343.2963 

3 3 2 4034.013 2017.006 5.99 4.61 3 

4 Residual 1453 489498.1 336.8879 

1 3,4, ---,26 47 13518.32 287.6238 0.84 1.55 1.37 

2 Residual 1408 480013.8 340.9189 
.... 2 2 91942.03 45971.02 166.33 4.61 3 .J 

4 Residual 1453 401590.1 276.3868 

I 2,3, ---,26 49 105460.4 2152.252 7.80 1.54 1.36 

2 Residual 1406 388071.8 276.0112 

3 1 2 267947.1 133973.6 862.93 4.61 3 

4 Residual 1453 225585 155.2546 

Table 4.24j Analysis of variance of weekly water deficit at Mahuva 

S.No. Harmonic 
Degree of Sum of Mean 

Feal 
Flab 

freedom Squares squares 
0.01 0.05 

1 5,6,---,26 43 1849.9 43.0 0.18 1.57 l.38 

2 Residual 996 238115.8 239.1 

3 4 3 1293.8 431.3 l.87 3.78 2.6 

4 Residual 1036 238671.9 230.4 

I 4,5, ---,26 45 3143.6 69.9 0.29 l.56 1.37 

2 Residual 994 236822.0 238.3 

3 3 2 909.2 454.6 l.97 4.61 3 
4 Residual 1037 239056.5 230.5 
1 3,4, ---,26 47 4052.8 86.2 0.36 1.55 l.37 
2 Residual 992 235912.8 237.8 
3 2 2 34530.1 17265.1 87.15 4.61 3 
4 Residual 1037 205435.5 198.1 
1 2,3, ---,26 49 38583.0 787.4 3.87 1.54 1.36 
2 Residual 990 201382.7 203.4 
3 1 2 118745.9 59372.9 507.92 4.61 3 
4 Residual 1037 121219.8 116.9 
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Table 4.24k Analysis of variance of weekly water deficit at Anand 

Harmonic 
Degree of Sum of Mean 

Fe• 1 
Ftah 

S.No. freedom Squares squares 0.01 0.05 

I 5,6,---,26 43 2677.3 62.3 0.24 1.57 1.38 

2 Residual 1412 362132.4 256.5 

3 4 3 2222.4 740.8 2.97 3.78 2.6 

4 Residual 1452 362587.3 249.7 

1 4,5, ---,26 45 4899.6 108.9 0.43 1.56 l.37 

2 Residual 1410 359910.0 255.3 

3 
.., 

2 9164.8 4582.4 18.72 4.61 3 .) 

4 Residual 1453 355644.9 244.8 

1 3,4, ---,26 47 14064.5 299.2 1.20 1.55 1.37 

2 Residual 1408 350745.2 249.1 

3 2 2 72985.4 36492.7 181.70 4.61 3 

4 Residual ]453 291824.3 200.8 

1 23 --- 26 " , 49 87049.9 1776.5 8.99 l.54 1.36 

2 Residual 1406 277759.8 197.6 

3 1 2 184277.3 92138.6 74].57 4.61 3 

4 Residual 1453 180532.4 124.2 

Table 4.241 Analysis of variance of weekly water deficit at Nawagam 

S.No. HaI'monic 
Degree of Sum of Mean 

Felli 
Ftah 

freedom Squares squares 
0.01 0.05 

I 5,6,---,26 43 3796.6 88.3 0.26 l.57 1.38 

2 Residual 1204 401266.7 333.3 

3 4 3 429l.0 1430.3 4.44 3.78 2.6 

4 Residual 1244 400772.3 322.2 

1 4,5, ---,26 45 8087.6 179.7 0.54 1.56 1.37 

2 Residual 1202 396975.7 330.3 

3 3 2 4959.4 2479.7 7.72 4.61 3 

4 Residual 1245 400103.9 32l.4 
1 3,4, ---,26 47 13047.0 277.6 0.85 1.55 l.37 
2 Residual 1200 392016.3 326.7 
3 2 2 52166.3 26083.1 92.02 4.61 3 
4 Residual 1245 352897.0 283.5 
1 2,3, ---,26 49 65213.2 1330.9 4.69 1.54 l.36 
2 Residual 1198 339850.0 283.7 
3 1 2 192536.8 96268.4 563.95 4.61 3 
4 Residual 1245 212526.4 170.7 
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Table 4.24m Analysis of variance of weekly water deficit at Bharuch 

S.No. Harmonic 
Degree of Sum of Mean 

Fe:!l 
Ftab 

freedom Squares squares 
0.01 0.05 

1 5,fi,---,26 43 2798.0 65.1 0.21 1.57 1.38 

2 Residual 1412 442423.0 313.3 

3 4 3 4051.9 1350.6 4.45 3.78 2.6 

4 Residual 1452 441169.1 303.8 

1 4,5, ---,26 45 6850.0 152.2 0.49 1.56 1.37 

2 Residual 1410 438371.0 310.9 

3 3 2 9063.8 4531.9 15.10 4.61 3 

4 Residual 1453 436157.3 300.2 

1 3,4, ---,26 47 15913.8 338.6 1.11 1.55 1.37 

2 Residual 1408 429307.3 304.9 

3 2 2 77730.9 38865.5 153.67 4.61 3 

4 Residual 1453 367490.1 252.9 

1 2,3, ---,26 49 93644.7 1911.1 7.64 1.54 1.36 

2 Residual 1406 351576.3 250.1 

3 1 2 237248.4 118624.2 828.77 4.61 3 

4 Residual 1453 207972.6 143.1 

Table 4.24n Analysis of variance of weekly water deficit at Surat 

S.No. Harmonic 
Degree of Sum of Mean 

Fe,,' 
Ftab 

freedom Squares squares 
0.01 0.05 

1 5,6,---,26 43 2978.858 69.27577 0.26 1.57 1.38 

2 Residual 1412 370710.9 262.5431 

3 4 3 4162.781 1387.594 5.45 3.78 2.6 

4 Residual 1452 369527 254.4952 

1 4,5, ---,26 45 7141.639 158.7031 0.61 1.56 1.37 

2 Residual 1410 366548.1 259.9632 

3 3 2 6801.294 3400.647 13.47 4.61 3 

4 Residual 1453 366888.4 252.5041 

1 3,4, ---,26 47 13942.93 296.6582 1.16 1.55 1.37 

2 Residual 1408 359746.8 255.502 
.., 

2 2 58972.04 29486.02 136.13 4.61 3 .) 

4 Residual 1453 314717.7 216.5986 

1 2,3, ---,26 49 72914.97 1488.061 6.96 1.54 1.36 

2 Residual 1406 300774.8 213.9223 

3 1 2 214691.3 107345.6 980.97 4.61 3 
4 Residual 1453 158998.4 ]09.4277 
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Table 4.240 Analysis of variance of weekly water deficit at Navsal'i 

S.No. Harmonic 
Degree of Sum of Mean 

Feal 
Flab 

freedom Squares squares 
0.01 0.05 

1 5,6,---,26 43 4429.4 103.0 0.39 1.57 1.38 

2 Residual 1412 373684.3 264.6 
.., 

4 3 5006.2 1668.7 6.49 3.78 2.6 .J 

4 Residual 1452 373107.5 257.0 

I 4,5, ---,26 45 9435.5 209.7 0.80 1.56 1.37 

2 Residual 1410 368678.1 26l.5 

3 3 2 5785.9 2893.0 11.29 4.61 3 

4 Residual 1453 372327.7 256.2 

1 3,4, ---,26 47 15221.5 323.9 1.26 1.55 1.37 

2 Residual 1408 362892.2 257.7 

3 2 2 60860.6 30430.3 139.37 4.61 3 

4 Residual 1453 317253.0 218.3 

1 2,3, ---,26 49 76082.1 1552.7 7.23 1.54 1.36 

2 Residual 1406 302031.5 214.8 

3 1 2 224626.3 112313.2 1063.22 4.61 3 

4 Residual 1453 153487.3 105.6 

Table 4.24p Analysis of variance of weekly water deficit at Gandevi 

S.No. Harmonic 
Degree of Sum of Mean 

Feal 
Ftab 

freedom Squares squares 0.01 0.05 
1 5,6,---,26 43 5021.3 116.8 0.54 1.57 1.38 

2 Residual 996 214914.0 215.8 

3 4 3 3383.0 1127.7 5.39 3.78 2.6 

4 Residual 1036 216552.3 209.0 

1 4,5, ---,26 45 8404.2 186.8 0.88 1.56 l.37 

2 Residual 994 211531.0 212.8 
.., 

3 2 3820.2 1910.1 9.17 4.61 3 .J 

4 Residual 1037 216115.1 208.4 

1 3,4, ---,26 47 12224.5 260.1 1.24 1.55 1.37 

2 Residual 992 207710.8 209.4 

3 2 2 36890.7 18445.3 104.50 4.61 3 

4 Residual 1037 183044.6 176.5 

1 2,3, ---,26 49 49115.2 1002.4 5.81 l.54 1.36 

2 Residual 990 170820.1 172.5 

3 1 2 137295.8 68647.9 861.43 4.61 3 

4 Residual 1037 82639.5 79.7 

176 



Fourier decomposition of mean square: The number of significant harmonics that represent 

the periodic component were obtained by evaluating the Fourier series coefficients Ak and Bk. 

The Fourier series coefficients Ak and Bk along with amplitude and phase angle (9) for the 

corresponding hannonics were computed using Equations (3.36), (3.37), (3.38), (3.39), (3.42) 

and (3.43). The contribution of the individual hannonics towards the mean square is shoviU 

under the explained variance and those hannonics, which dominantly contribute to mean 

square is selected as the significant hannonics. The results are shown in Tables 4.25a to 4.25p 

for weekly water deficit series. 

The results (Tables 4.25a to 4.25p) indicated that at Kothara, Radhanpur, SK Nagar, 

Nawagam and Dhandhuka first three hannonics have contributed 1110re than 58.64, 65.3, 

62.02, 70.0 and 68.39 % ofthc total variation caused by the periodic component, while only 

about 1.03, 1.17, 1.32, 1.67 and 1.27 % have been contributed by the rest of the hannonics, 

respectively. At Rajkot, Amreli, Khedbrahma, Amej, Junagadh, Anand, Bharuch, Surat, 

Navsari and Gandevi the first four hannonics have contributed 1110re than 67.65, 65.11,75.59, 

74.7, 74.34, 73.41, 73.43, 75.99, 78.54 and 8233 % of the total variation caused by the 

periodic component, while the rest of the hannonics have contributed only 0.89, 1.14, 1.31, 

0.74, 1.0,0.8,0.58,0.73, 1.06 and 2.13 %, respectively. For Mahuva first two harmonics have 

contributed 1110re than 63.70 % of the total variation caused by the periodic component, while 

the rest of the hannonics have contributed only 1.75 %. 

Cumulative periodogram test: In this test a graphical procedure has been employed as 

criteria for obtaining the significant hannonics to be fitted in a periodic component. A graph 

constmcted by plotting Pi against i, called the cumulative periodogram is obtained from the 

solution of Equations (3.49), (3.50) and (3.51). The criterion is based on the concept that the 

variation of PI versus i is composed of the two distinct parts: (i) a periodic part of a fast 

increase of Pi with i and (ii) a sampling part of a slow increase of Pi with i. After determining 

these two parts, the order of harmonics obtained up to the fast increase in Pi has been 

considered as a significant harmonics and the rest hamlonics were ignored. 

Estimates of the mean square deviation and the cumulative periodogram Pi for weekly 

series are shown in Tables 4.26a to 4.26p and the plot of Pi against i are shown in Figures 

4.16a ,md 4.16d for different agro-climatic zones. 

From the cumulative periodograll1 in the weekly series of the different zones, it is 

observed that at Kothara, Rc1.dhanpur, Dhandhuka and Nawagam the first three harmonics 

appeared to be the periodic part of the fast increase and after that periodogram remains almost 

constant which may be treated as non-significant. At Mahuva first two hannonics and at rest 

of the stations the first four hanllonics appeared to be the periodic part of the fast increase in 

water deficit series, respectively. 
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Table 4.25a Fourier decomposition of periodic component in weekly water deficit series 
for Kothara 

Order Ak Bk Amplitude Thcta Explained Cumulativc 
variance explained variance 

I -2.852 11.641 11.985 -1.331 35,873 35.873 
2 -5,077 -7.621 9.157 0,98] 20.940 56.813 
3 0,76() 2,594 2.704 1.284 1.827 58.640 
4 -0.493 -l.053 1.163 1.133 0.338 58,978 
5 (),263 0.233 ().352 0.724 0,(131 59,()O9 
6 -0.038 -0.085 0,093 1.147 0.002 59.011 
7 -0.237 -0.189 0.303 0.671 0.023 59.034 
8 0,371 -0.256 0.451 -0.604 0,051 59.084 
9 -0,326 0.313 0.452 -0.766 OJ)51 59.136 
10 -O.l33 -0.133 0,188 0.787 0.009 59.144 
11 -0.412 -0,005 0.412 1),0 j 1 0.042 59.187 
12 0.552 0.484 0.735 0.720 0.135 59.322 
13 -0,394 -0.452 (l,60n 0,853 O,()I)O 59..1-11 
14 0.185 -0. lO2 lUll -0,503 n,()Il 59.423 
15 -0,313 -0,308 0.439 n,777 0,048 59.471 
Hi 0,068 -0.050 0,084- -0,631 0,002 59.472 
17 -0.041 (),089 (),O98 -1.140 (),OO2 59.475 
18 0.004 (),]40 (),140 1.539 (),OO5 59.480 
19 -0.026 -0.135 0.138 1.378 n,O()S 59.484 
2() -0.l46 0.025 0.149 -0.169 0.006 59.490 
21 0.261 0.367 0.4S1 O,9S3 (LOS1 59,541 
22 -0,156 -0.174 0.234 0.840 0,014 59,554 
23 -0.037 0,139 0.144- -1.311 0.005 59.559 
24 -0.396 -0.272 0.480 0.601 0.058 59.617 
25 0.014 0.441 0.441 1.540 0,049 59,666 
26 0.021 0.000 0.021 0,000 0.000 59,666 

Table 4.25b Fourier decomposition of periodic component in weekly water deficit series 
for Radhanpur 

Ol"der Ak Bk Amplitude Theta 
Explained CUDJulative 
variance explained variance 

1 -5,600 13.931 IS,lH5 -1.189 39,338 39.338 
2 -4.483 -10.377 11.304 1.163 22,296 61.634 
3 -0.073 4,583 4.583 -1.555 3.665 65.299 
4 0,266 -1.527 1,550 -1.398 0.419 65.719 
5 -0.168 0.442 0.473 ·1.207 0,039 65.758 
6 0.122 -0,105 0,161 -0,710 0,005 65.762 
7 -0.333 -0,348 0.482 0,808 0.041 65,803 
8 0.257 -0.053 0.262 -0.204 0,012 65,815 
9 -l),321 -0.105 0.338 0.315 0.020 65,835 
10 0.522 0.164 0.S47 0.305 0.052 65,887 
11 -0.665 -0.032 0,666 0.048 0.077 65,964 
12 0,290 0.156 0,329 0.494 0.019 65,983 
13 -0.136 0.130 0,189 ·0.763 0.006 65.989 
14 0.285 -0.467 0.547 -1.022 0.052 66,042 
15 -0.197 0.040 0.20} -0,200 D.OO7 66,049 
16 0.097 0.087 0.131 0.729 0.003 66.052 
17 -0.286 0,138 0.317 -0.449 0,018 66.069 
18 0.242 -0,292 0.379 -0.878 0,025 66.094 
19 -0,117 (},251 0,277 -1.l35 0.013 66.108 
20 -0.402 -0.478 0,625 (J,873 a.OnS 66.176 
21 0,248 O,S04- 0.561 1.113 0.055 66,231 
22 -0.370 -0,582 0.690 l.OOS (l.OS3 66,3l4 
23 0.178 0.457 0.491 1.199 0.042 66.356 
24 -0.661 -0.326 0.737 0.458 0.095 66.451 
25 n,213 0.230 0.314 0.824 0.Ql7 66.468 
26 0,138 0.000 0.138 (l.OOO 0,003 66.471 
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Table 4.2Sc Fourier decomposition of periodic component in weekly water deficit series 
for Rajkot 

Ak Bk Am)}litude Theta 
Explained Cumulative 

Ol'der variance explained variance 
I -2.488 19.219 19.379 -1.442 44.547 44.547 
2 -4.594 -11.996 12.846 1.205 19.573 64.120 
3 2.063 4.051 4.546 1.100 2.451 66.571 
4 -2.508 -1.667 3.0 II 0.587 1.076 67.647 
5 1.521 0.622 1.644 0.388 0.320 67.967 
6 -0.415 -0.230 0.475 0.S06 0.027 67.994 
7 0.366 -0.454 0.583 -0.892 0.040 68.035 
8 -0.612 -0.304 0.684 0.461 0.055 68.090 
9 -0.051 0.013 0.052 -0.244 0.000 68.090 

10 0.507 -0.317 0.598 -0.559 0.042 68.133 
11 -0.707 -0.052 0.709 0.074 0.060 68.192 
12 0.398 0.138 0.421 0.333 0.021 68.213 
13 -0.239 0.009 0.239 -0.040 0.007 68.220 
14 0.210 -0.029 0.218 -0.135 0.006 68.226 
15 -0.124 -0.056 0.136 0.422 0.002 68.228 
16 0.016 -0.410 0.411 -1.531 0.020 68.248 
17 -0.143 (l.1l5 0.183 -0.679 0.004 68.252 
18 -0.002 -0.592 0.5lJ2 1.568 0.042 68.294 
19 0.278 D.262 0.382 (U 55 0.017 68.311 
20 -0.640 -0.370 0.739 0.525 0.065 68.376 
21 0.406 0.501 0.645 0.891 0.049 68.425 
22 -0.335 -0.464 0.572 0.946 0.039 68.464 
23 0.284 -0.015 0.284 -0.n53 O.lHO 68.473 
24 -n.483 0.218 0.530 -0.424 n.033 68.507 
25 n.405 -0.061 0.410 -0.149 0.020 68.527 
26 0.245 0.000 0.245 0.000 0.007 68.534 

Table 4.2Sd Fourier decomposition of periodic component in weekly water deficit series 
for Amreli 

Ol'del' Ak Bk Amplitude Theta 
Explained Cumulative 
variance explained Valiance 

1 0.503 17.725 17.732 1.542 43.655 43.655 
2 -5.747 -10.259 11.759 1.060 19.199 62.854 
3 1.966 2.078 2.860 0.813 1.136 63.990 
4 -2.835 0.221 2.843 -0.078 1.122 65.113 
5 1.848 0.205 1.8()0 0.110 0.480 65.593 
6 -0.537 0.559 0.775 -0.806 0.083 65.676 
7 0.308 -1.131 1.172 -1.305 0.191 65.867 
8 -0.552 0.168 0.576 -0.295 0.046 65.913 
9 -0.364 -0.013 0.364 lUB5 0.018 65.932 

10 0.582 -0.106 0.592 -0.181 0.049 65.980 
II -0.424 -0.041 0.426 0.097 0.025 66.005 
12 0.424 -0.184 0.462 -0.409 O.D30 66.035 
13 -0.268 -0.002 0.268 0.006 o.n I 0 66.045 
14 0.110 0.084 0.139 0.649 0.()03 66.048 
15 -0.006 -0.176 0.176 1.537 0.004 66.052 
16 -0.079 -0.191 0.207 1.180 0.006 66.058 
17 -0.509 0.014 0.510 -0.027 0.036 66.094 
18 0.361 0.166 0.397 0.430 0.022 66.116 
19 -0.150 0.059 0.161 -0.374 0.004 66.120 
20 -0.181 -0.274 0.328 0.989 0.015 66.l35 
21 0.189 0.261 0.322 0.943 0.014 66.149 
22 -0.147 -0.095 0.175 0.571 0.004 66.153 
23 0.295 -0.122 0.319 -0.393 O.(H4 66.167 
24 -0.602 0.237 0.647 -0.376 0.058 66.225 
25 0.408 0.109 0.422 0.260 0.025 66.250 
26 0.022 0.000 0.022 0.000 o.ono 66.250 
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Table 4.2Se Fourier decomposition of periodic component in weekly water deficit series 
for SK Nagar 

Order Ak Bk Amplitude Theta EXlllained CUlDulative 
variance explained ,'ariance 

1 -6AOO 14.230 15,601 -1.148 4-l.005 41.005 
2 -3.633 -9.543 10.211 l.2()7 17.563 58.568 
3 -0.280 4.522 4.530 -1.509 3.457 (i2.025 
4- 1.099 -l.496 1.857 -0.937 0.581 62.605 
5 -0.082 0.969 0.973 -1.487 0.159 62.765 
6 0.221 -0.571 0.612 -1.202 0.063 62.828 
7 -0.271 -0.031 0.273 n.1l4 n.013 62.840 
8 -0.066 0.206 0.216 -1.262 0.008 62.848 
I) -0,447 0.066 0.452 -0.146 ()_(l34 62.883 
10 0.523 0.398 0.657 0.651 0.073 62.955 
II -0.361 -0.175 0.401 0,452 0.027 62.982 
12 0.269 0.139 0.303 0.4 77 0.015 62.998 
13 -0.309 -0.169 0.352 0.499 0.021 63.019 
14 0.394 o.noo 0.394 0.001 0.026 63.045 
15 0.10n -0.217 0.239 -1.137 O.OlQ 63.055 
16 -0.189 0.213 0.285 -0.845 0.014 63.068 
17 -0.337 -0.124 0.359 0.353 0.022 63.090 
18 -0.066 0.271 0.279 -1.331 0.013 63.103 
19 0.307 -0.072 0.316 -D.231 0.017 63.120 
20 -(U11 !l.211 0.239 -1.088 0.010 63.130 
21 lUl27 -0.049 0.056 -1.075 o.()() 1 63.130 
22 -0.117 0.274 0.2tJ8 -1.167 (Ull5 63.145 
23 0.321 -0.513 0.605 -1.012 0.062 63.207 
24- -0.316 0.271 0.416 -0.708 0.029 63.236 
25 -0.089 -n.268 0.282 1.250 (Ull3 63.249 
2(i 0.767 0.000 0.767 0.000 0.099 63.349 

Table 4.2Sf Fourier decomposition of periodic component in weekly water deficit series 
for Khedbrahma 

Onle.· Ak Bk Amplitude Theta 
EXI)lainc(1 Cumulative 
variance explained variance 

1 -2.945 14.894 15.183 -1.376 48.339 48.339 
2 -3.850 -9.448 10.202 1.184 21.827 70.166 
3 1.117 4.407 4.547 1.323 4.335 74.501 
4 -1.450 -1.761 2.281 0.882 1. 091 75.592 
5 1.218 0.826 1.472 0.596 0.454 76.046 
6 -0.730 0.323 0.798 -0.417 0.134 76.180 
7 D.236 -0.551 0.599 -1.166 0.075 76.255 
8 0.272 0.127 0.300 0.436 0.019 76.274 
9 -0.752 0.417 0.860 -0.506 0.155 76.429 
10 0.665 0.158 0.683 0.233 0.098 76.527 
11 -0.335 -0.123 0.357 0.352 0.027 76.554 
12 0.104 -0.133 0.169 -0.906 0.006 76.560 
13 -0.241 0.274 0.364 -0.849 0.028 76.588 
14 0.345 -0.111 0.362 -0.312 0.028 76.615 
15 -0.122 -0.186 0.222 0.990 0.010 76.626 
16 -0.069 -0.125 0.143 l.065 0.004 76.630 
17 -0.218 0.343 0.406 -1.005 0.035 76.664 
18 -0.143 -0.061 0.155 0.404 ().O05 76.669 
19 0.258 0.040 0.261 0.155 0.014 76.684 
20 -0.352 0.023 0.352 -0.066 0.026 76.710 
21 0.360 0.028 0.361 0.076 0.027 76.737 
22 -0.368 -0.100 0,382 0.265 0.031 76.768 
23 0.055 -0.200 0.207 -1.302 0.009 76.777 
24 -0.524 0.334 0.621 -0.567 0.081 76.858 
25 0.394 -0.161 0.426 -0.387 0.038 76.896 
26 -0.100 0.000 0.100 0.000 0.002 76.898 
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Table 4.25g Fourier decomposition of periodic component in weekly water deficit series 
for Arnej 

Order Ak Bk Amplitude Theta Explained Cumulative 
variance explained variance 

1 -2.785 19.798 19.993 -1.431 52.870 52.870 
2 -4.415 -11.147 1l.989 1.194 19.013 71.883 
3 1.680 3.550 3.928 1.129 2.040 73.923 
4 -2.039 -1.310 2.424 0.571 0.777 74.700 
5 UOO 0.396 1.359 0.296 0.2.J.4 74.944 
6 -0.736 0.116 0.746 -0.156 0.074 75.018 
7 0.503 -0.417 0.653 -0.692 0.056 75.074 
8 -0.681 0.325 0.754 -0.445 0.075 75.150 
9 0.240 -0.475 0.532 -l.lO2 0.037 75.187 
10 0.084 0.233 0.248 1.224 0.008 75.195 
11 -0.210 -0.249 0.326 0.871 0.014 75.209 
12 0.083 0.058 0.101 (l.609 n.oo 1 75.211 
13 0.149 0.002 0.149 0.014 ().(Hl3 75.214 
14 n.226 0.136 0.264 0.541 0.009 75.223 
15 -0.154 -0.484 0.508 1.263 0.034 75.257 
16 0.150 0.500 0.522 1.279 0.036 75.293 
17 0.076 -0.169 0.186 -1.148 0.005 75.298 
18 0.029 0.066 0.072 1.159 0.001 75.298 
19 CU95 -0.084 0.212 -0.406 0.006 75.30.t 
20 -0.507 -0.054 0.510 0.105 0.034 75.339 
21 0.058 -0.342 0.347 -IA04 0.016 75.354 
22 0.246 0.305 0.392 0.893 0.020 75.375 
23 -0.404 ()Jl02 0.404 -0.005 0.022 75.396 
24 0.033 0.130 0.135 1.323 0.002 75.399 
25 0.287 0.417 0.506 0.969 0.034 75..J.33 
26 0.164 O.OO!) 0.164 O.O()() 0.004 75.436 

Table 4.25h Fourier decomposition of periodic component in weekly water deficit series 
fOl' Dhandhuka 

Onlcr Ak Bk Amplitude Theta 
Explained Cumulatiye 
variance explained variance 

1 -2.572 17.948 18.132 -1.428 48.891 48.891 
2 -5.041 -9.788 1l.010 l.095 18.026 66.918 
3 1.704 2.649 3.149 0.999 1.475 68.393 
4 -1.734 -0.484 l.801 0.272 0.482 68.875 
5 l.l74 -0.151 1.183 -0.128 0.208 69.083 
6 -0.647 0.564 0.858 -0.717 0.110 69.193 
7 0.399 -0.626 0.742 -1.003 0.082 69.275 
8 -0.041 0.295 0.298 -1.432 0.013 69.288 
9 -0.137 -0.211 0.252 0.995 0.009 69.297 
10 0.208 -0.555 0.592 -1.212 0.052 69.349 
11 -0.213 0.550 0.590 -1.201 (Ul52 69.401 
12 -CL058 -0.492 0.4% 1.454 0.037 69.438 
13 0.432 0.069 0.438 0.159 0.029 69.466 
14 -0.406 0.010 OA06 -0.024 0.025 69.491 
15 0.208 0.220 0.303 0.813 0.014 69.504 
16 -0.185 0.265 0.323 -0.963 0.016 69.520 
17 0.273 -0.231 0.357 -0.702 0.019 69.539 
18 -0.039 0.191 0.194 -1.371 0.006 69.545 
19 0.23!) ·0.206 0.309 -0.731 0.014 69.559 
20 -0.319 -0.386 0.501 0.880 0.037 69.596 
21 0.013 0.188 0.189 1.499 0.005 69.601 
22 -0.074 -0.122 0.143 1.026 0.003 69.604 
23 0.170 -0.016 0.170 -0.096 0.004 69.609 
24 -0.320 0.498 0.591 -1.000 0,052 69.661 
25 -0.055 0.009 0.056 -0.167 0.000 69.661 
26 0.1'73 0.000 0.173 0.000 0'()04 69.666 
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Table 4.2Si Fourier decomposition of periodic component in weekly water deficit series 
for Junagdh 

Order Ak Bk Amplitude Theta 
Explained Cumulative 
variance explained variance 

1 2.882 18.953 19.171 1.420 54.177 54.177 
2 -5.458 -9.797 11.215 1.063 18.540 72.718 
3 1.929 1.229 2.288 0.567 0.771 73.489 
4 -2.349 -0.523 2.407 0.219 0.854 74.343 
5 1.358 0.562 1.469 0.392 0.318 74.661 
6 -().619 0.294 0.685 -0.444 0.069 74.730 
7 0.26..J. -l.065 1.098 -1.328 0.178 74.908 
I) -0.647 0.083 0.652 -0.128 (l.O63 74.971 
I) -0.414 -0.125 0.433 0.294 O.m8 74.998 
10 0.496 n.232 0.548 0,437 0.044 75.1l43 
11 -0.506 -0.289 0.583 0.520 0.050 75.093 
12 0.569 0.185 0.598 0.314 0.053 75.145 
13 -lUll 0.212 0.377 -0.599 0.021 75.166 
14 0.393 0.015 0.393 0.039 0.023 75.189 
15 -0.431 -(Ull6 0.432 0.036 OJ)27 75216 
16 0.136 -n.l18 0.180 -0.715 l).{J05 75.221 
17 -0.103 0.183 0.210 -1. 057 0.007 75.228 
18 0.015 -0.065 0.067 -1.347 0.001 75.228 
19 -0.130 -0.019 0.131 0.146 0.003 75.231 
20 -0.163 0.070 0.177 -0.404 0.005 75.236 
21 0.044 0.038 0.058 0.712 0.000 75.236 
22 -0.403 0.196 0.448 -0.453 0.030 75.266 
23 -0.153 -0.152 0.216 0.782 0.007 75.273 
24 -0.251 0.232 0.342 -0.748 0.(]l7 75.290 
25 0.009 -0.376 0.376 -1.548 0.021 75.311 
26 0.408 0.000 0.408 0.000 0.025 75.335 

Table 4.2Sj Fourier decomposition of periodic component in weekly water deficit series 
for Mahuva 

Ordel' Ak Bk Amplitude Theta 
Explained Cumulatiye 
Yllr'iance cXjJlained variance 

1 l.917 14.971 15.093 1.443 49.316 49.316 
2 -3.120 -7.531 8.152 l.178 14.385 63.701 
3 0.854 0.989 1.307 0.858 0.370 64.071 
4 -l.494 -0.502 1.576 0.324 0.538 64.609 
5 0.480 0.124 0.496 0.253 0.053 64.662 
6 -0.267 0.320 0.417 -0.875 0,038 64.699 
7 0.086 -0.387 0.397 -1.351 0.034 64.734 
8 -0.261 0.132 0.292 -0.470 O.lllS 64.752 
9 -0.lS4 -0.470 0.505 1.198 0.055 64.807 
10 0.228 0.454 0.508 1.105 0.056 64.863 
11 -0.273 -0.375 0.464 0.941 0.047 64.910 
12 0.273 -0.099 0.290 -0.347 O.oI8 64.928 
13 -0.226 0.045 0.230 -0.195 O.oI1 64.939 
14 0.622 0.233 0.665 0.358 0.096 65.035 
15 -0.244 -0.127 0.275 0.479 0.016 65.051 
16 0.200 0.008 0.200 0.039 0.0()9 65.060 
17 -0.255 -0.080 0.267 0.305 0.IH5 65.075 
18 0.255 0.103 0.275 0.384 0.016 65.092 
19 -0.214 -0.050 0.219 0.232 0.010 65.102 
20 -0.103 -0.138 0.172 0.931 0.006 65.109 
21 -0.012 0.504 0.504 -1.547 0.055 65.164 
22 -0.568 -0.680 0.886 0.875 0.170 65.334 

23 0.270 0.487 (J.5S? 1.064 0.067 65.401 

24 -0.158 -0.279 0.321 1.055 0.022 65.423 

2S 0.309 0.16% 0.351 O.49~ 0.017 65.450 
26 0.147 0.000 0.147 0.000 0.005 65.455 
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Table 4.25k Fourier decomposition of periodic component in weekly water deficit series 
for Anand 

Order Ak B" Amplitude Theta Explained Cumulatiye 
variance explained valiance 

1 -2.265 15.725 15.887 -1.428 50.336 50.336 
2 -4.128 -9.116 HUlO7 1.146 19.969 70.304 
3 0.983 3.398 3.537 1.289 2.495 72.799 
4 -1.340 -1.138 1.758 0,704 0.616 73.416 
5 1,177 0.397 1.242 0,325 0.307 73.723 
6 -0.752 0.118 0,761 -0.155 0.116 73.839 
7 0,489 -0.150 0.511 -0.297 0,052 73.891 
8 -0.264 0.118 0.289 -0,420 0.017 73.908 
9 -0. III -0.266 0.288 1.175 0.017 73.924 
10 0,258 0.082 0.271 0.308 (),Ill 5 73.939 
I 1 -0.267 -0.()61 0.274 0.224 0.1115 73.954 
12 0,148 0,063 0.161 0.400 0.005 73.959 
13 0.019 0,084 0.086 1.347 (l,OO 1 73.960 
14 0.D12 -0.008 0,014 -0.580 0.000 73.96() 
15 0.053 -0.056 0,077 -0.815 (l,O(}1 73.962 
16 -0.170 0.190 (),255 -0,840 O,()] 3 73,975 
17 0,065 -0.182 0.193 -1.229 D.()07 73,982 
IS -0'()29 0,134 0,137 -1.354 (l,004 73,986 
19 D.107 O.IOO (),146 0.748 0.O()4 73.990 
2n -0.165 0,033 0.169 -0.199 O.0()6 73.996 
21 0.345 -0.107 0.362 -0.302 0.026 74.022 
22 -O,4tH 0.233 0.464 -0.526 0.043 74.065 
23 0.278 -0.382 0,473 -0.941 0.045 74.109 
24 -0.116 0,453 0,467 -1.320 0.044 74.153 
25 0,168 -0.526 0.552 -1,262 0.061 74.214 
26 -0.D09 0,000 0.()O9 0.000 0.000 74.214 

Table 4.251 Fourier decomposition of periodic component in weekly water deficit series 
for Nawagam 

Order Ak Bk Amplitude Theta Explained Cumulative 
variance explained variance 

1 -2.905 17.359 17,60 I -lAOS 47.684 47.684 
2 -3,229 -10.647 11.126 1.276 19.055 66.739 
3 1.357 4.398 4.603 1.271 3.261 70.000 
4 -1,033 -1.469 1.796 0,958 D.496 70.497 
5 1.676 0.646 1.796 D,368 0.497 70.993 
6 -0.938 0.108 0.944 -0.115 0.137 71.130 
7 0,513 -0.312 0.600 -0,547 0.056 7I.l86 
8 -0,222 0.088 0.239 -0,376 0.009 71.195 
9 -0.347 -0.414 0.541 D,873 0.045 71.240 
10 0.402 0.152 0.430 0.361 0.028 71.268 
11 -0.332 0.105 0.348 -0.307 0.019 71.287 
12 -0.052 -0.026 0.058 0.463 OJ10 1 71.287 
13 0,324 -0.059 0.329 -0.181 0.017 71.304 
14 -0.017 0,199 0.200 -1.488 0.006 71.310 
15 0.084 -0.104 0.134 -0.891 0.003 71.313 
16 -0,229 -0.309 0,385 0.932 0.023 71.336 
17 0,392 0.198 0.439 0.468 0.030 71.366 
18 -0.338 -0,062 0,343 0,181 0.018 71.384 
19 0,330 0,147 0,362 0,420 0.020 71.404 
20 -0.213 -0.139 0.254 0.579 0.010 71.414 
21 0.424 0.099 0.435 0.230 0.029 71.443 
22 -0.525 -0.168 0.551 0.309 0.047 71.490 
23 0.586 -0.198 0.619 -0.325 0,059 71.549 
24 -0.564 0.221 0,606 -0.374 0,056 71.605 
25 0.474 -0.405 0.624 -0.707 0.060 71.665 
26 -0.114 0.000 0.114 0.000 0.002 71.667 
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Table 4.25m Fourier decomposition of periodic component in weekly water deficit 
series for Bharuch 

Order Ak Bk Amplitude Theta 
Explained Cumulative 
variance explained variance 

1 -0.765 18.016 18.033 -1.528 53.134 53.134 
2 -4.933 -9.066 10.321 1.072 17.407 7().541 
3 2.092 2.795 3,491 0.918 l.992 72.533 
4 -2.305 -0.400 1.340 0.172 0.894 73.-1-27 
5 1.358 0.200 1.373 0.146 0.308 73.735 
6 -0.311 0.215 0.379 -0.602 0.023 73.758 
7 0.400 -0.301 0.500 -0.645 0.041 73.799 
8 -0.316 0.087 0.328 -0.270 0.018 73.817 
9 -0.421 0.013 0.421 -0.031 0.029 73.846 
10 0.351 -0.039 0.353 -O.lIO 0.020 73.866 
11 -0,353 0.126 0.375 -0.34-3 0.023 73.889 
12 0.268 -0.341 0.434 -0.903 0.031 73.920 
13 0.002 0.181 0.181 1.558 0.005 73.925 
1..J. 0.074 -0.173 0.189 -1.167 0.O()6 73.931 
15 0.063 0.094 0.113 0.976 0.002 73.933 
16 -0.298 -0.236 0,380 0.669 0.024 73.957 
17 -0.130 -0.081 0.153 0.557 0.004 73.961 
18 -0.128 -0.046 0.136 0.346 0,003 73.964 
19 0.224 -0.043 0.228 -0.19() 0.009 73.972 
20 -0.058 0.027 0.064 -0.438 0.001 73.973 
21 0.263 0.179 0.318 0.598 0.017 73.989 
22 -0.051 0.097 0.110 -l.084 0.002 73.991 
23 0.061 0.204 0.213 1.280 0.007 73.999 
24 -0.161 -0.082 0.181 0.469 0.005 74.004 
25 0.043 -0.163 0.169 -1.313 O. ODS 74.009 
26 O.oI1 0.000 0.011 0.000 0.000 74.009 

Table 4.25n Fourier decomposition of periodic component in weekly water deficit series 
for Surat 

Order Ak Bk Amplitude Theta 
Explained Cumu1ati"c 
variance explained variance 

1 1.029 17.139 17.169 LS11 57.390 57.390 
2 -4.656 -7.693 8.992 l.027 15.741 73.130 
3 2.161 2.121 3.028 0.776 1.785 74.915 
4 -2.254 -0.672 2.352 0.290 l.O77 75.992 
5 10410 0.501 1.496 0.341 0.436 76.42~ 
6 -0.382 0.077 0.390 -0.200 0.030 76.457 
7 0.570 -0.075 0.575 -0.132 0.064 76.521 
8 -0.435 0.132 0.455 -0.293 0.040 76.562 
9 -0.073 -0.281 0.290 1.318 0'(Jl6 76.578 
10 0.126 -0.047 0.135 -0.359 0.004 76.582 
11 -0.144 -0.018 0.145 0.121 0.004 76.586 
12 0.137 -0.142 0.197 -0.803 0.008 76.593 
13 -0.118 0.048 0.128 -0.384 0.003 76.597 
14 -0.045 0.099 0.109 -1.148 0.()()2 76.599 
15 0.063 -0.122 0.137 -1.095 0.004 76.602 
16 -0.131 0.016 0.132 -0.119 0.003 76.606 
17 0.038 ·0.141 0.146 -1.306 0.004 76.610 
18 0.066 0.068 0.095 0.804 0.002 76.612 
19 0.086 0.119 0.147 0.945 0.004 76.616 
20 -0.084 -0.054 0.100 0.573 0.002 76.618 
21 0.159 0.023 0.161 0.146 O. (lO5 76.623 
22 ·0.100 0.236 0.256 -1.172 0.013 76.636 
23 ·0.079 -0.328 0.338 1.336 0.022 76.658 

24 0.189 0.248 0.312 0.919 0.019 76.677 

25 -0.442 -0.027 0.443 0.062 O.m8 76.715 
26 0.219 0.000 0.219 0.000 D.OD9 76.725 
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Table 4.250 Fourier decomposition of periodic com ponent in weekly water deficit series 
for Navsari 

Onte!" Ak Bk Amplitude Theta Explained Cumulative 
vadance explained variance 

1 2.398 17.423 l7.588 lA34 59.514 59.514 
2 -4.751 -7.840 9.1 08 1.026 16.170 75.685 
3 2,293 1.606 2,799 0,611 1.508 77.192 
-I- -2.644 -0,092 2,645 0,035 1.346 78.538 
5 1.659 0.140 1,665 0.084 0.533 79,072 
6 -0.651 0.432 0,781 -0,586 0.117 79.189 
7 0.494 -0.709 0,864 ·0,962 0.144 79.333 
8 -0.270 0,516 0,583 -1.088 0.065 79,398 
9 -0,282 -0,514 0.586 1.068 0.066 79.464 

10 0,215 0.115 0,243 0.491 0.011 79.476 
II -0.037 -0.203 0.207 1.390 0.008 79.484 
12 0,206 0.051 0.213 0.244 0.009 79.493 
13 -CU21 -0.063 0.136 0.481 0.004 79.496 
14 0.227 0.004 0,227 0,016 0,010 79,506 
15 -0.357 0.086 0.367 ·0.236 (l.026 79,532 
16 0.1 U~ -0.223 0.253 ·1.084 (l.Ol2 79.544 
17 0.0-1-4 0.186 0.191 1.338 o.om 79.552 
18 0,065 0.028 0,070 0,404 O.O() 1 79,552 
19 0,124 0.134 0.182 0.823 0,006 79,559 
20 -0.024 0.042 0.049 -1.054 0.000 79,559 
21 0,038 0.113 0.120 1,247 0.003 79,562 
22 -0.123 0.166 0.207 -0,933 a,008 79.570 
23 0.066 -0,039 0.077 -0,532 0.001 79.571 
24 -0.192 0,099 0.216 -0.478 0.009 79.580 
25 O,05.J. -0.270 0,276 -UN [Ull5 79.595 
20 1l.054 0.000 0.054 0.000 0.001 79.596 

Table 4.25p Fourier decomposition of periodic component in weekly water deficit series 
for Gandevi 

Order Ak Bk Amplitude Theta 
Explained Cumulative 
variance explained variance 

1 0.499 16.244 10.252 1.540 62.386 62.386 
2 -3.873 -7.464 8.409 1.092 16.703 79.089 
3 2,070 1,700 2.678 0.688 1.694 80.783 
4 -2,557 -0,135 2.561 0,053 1.549 82.332 
5 LS15 -O,ng5 LS18 -0.056 0.544 82.876 
6 -0.791 0.681 1.044 -0.711 0.258 83.133 
7 0.647 -0.632 0.9ll4 ·0,774 0.193 83.327 
8 -0.430 0.823 0.928 -1.090 0.204 83.530 
9 -0.128 -0,823 0.8.13 1.416 0.164 83.694 

10 0.235 0.603 0.648 1.199 0.099 83.793 
11 -0.561 ·0,306 0.639 0.499 0.09(} 83.890 
12 0.624 0,030 0,625 0.048 0.092 83.982 
13 -0.395 0.055 0.399 ·0.140 0.038 84.019 
14 0.425 -0.110 0.439 -0,253 0.046 84.065 
15 -0.467 0.287 0.548 -0,550 0.071 84.136 
16 0.353 -0.345 0.494 -0.773 0.058 84.193 
17 -0.141 0.256 0.293 -1.066 0.020 84.214 
18 0.108 -0.123 0.164 -0.850 0.006 84.220 
19 -0,230 0.350 0.419 -0.990 0.041 84.261 
20 0.011 -0.335 0,335 -1.537 0.027 84.288 
21 0.039 0.305 0.307 1.443 0,022 84.3W 
22 -0.332 -0.155 0.306 0.436 O.()32 84.342 
23 0.224 0.229 0.320 0.795 0,024 84,366 
24 -0.434 0.139 0.456 -0.310 0.049 84.415 
25 0.355 ·0.224 0.420 -0.563 0.042 84.457 
26 -0.116 0.000 0.116 0.000 0.003 84.460 
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Table 4.26a Cumulative periodogram of weekly water deficit series for Kothara 

Order MSD(u) MSD(j) 
Cum. 

Pi Order MSD(u) MSDW Cum. 
MSD(j) MSD(j) 

P; 

1 120,44 71.82 71.82 0.596 14 120.44 D.02 118.97 D.988 
2 120,44 41.93 113.75 0.944 15 120.44 0.10 119.07 0.989 
3 120.44 3.66 117.41 0.975 16 120.44 n.no 119.07 D.989 
-1- 120.44 0.68 118.08 O.9S0 17 120.44 O,Ol 119.08 0.989 
5 120.44 D.06 118. I 5 0.981 18 120.44 om 119.09 D.9S9 
6 12n .44 0.00 11S.15 n.981 19 120.44 O,(J} 119.10 D.9S9 
7 120.44 (l.OS 118.20 n.981 20 120.44 D.Ol 119.11 0.989 
8 120.44 0.10 118.30 0.982 21 120.44 n.1O 119.21 0.990 
9 120.44 n.1O 118.40 n.983 22 120.44 OJ)3 119.2+ n.9YO 
10 12n.44 0.02 118.42 D.983 23 120.44 (Ull 119.25 0.990 
11 12D.44 0.09 118.50 n.984 24 120.44 D.12 119.36 0.991 
12 120.44 0.27 118.77 0.986 25 120.44 O.lO 119,46 0.992 
13 120.44 O.IS 11S.95 0.988 26 120.44 0.00 119.46 0.992 

Table 4.26b Cumulative periodogram of weekly water deficit series for Radhanpur 

Order MSD(u) MSD(j) 
Cum. Pi Ordel' MSD(u) MSD(j) 

Cum. Pi MSD(j) MSD(j) 
I 190.35 112.72 112.72 0.592 14 190.35 n.15 189.24 0.994 
2 190.35 63.89 176.61 0.928 IS 190.35 0.02 189.26 0.994 
3 J 90.35 10.50 187.11 0.983 ]6 190.35 (Ull 189.27 0.994 

+ 190.35 1.20 188.31 IU)89 17 190.35 0.05 189.32 0.995 

5 190.35 0.11 188.43 Il,lJ90 18 190.35 O.1l7 189.39 D.995 

6 190.35 0,01 188.44 0.990 19 190.35 0.04 189.43 0.995 

7 190.35 0.12 188.55 0.991 20 190.35 D.20 189.62 D.996 
8 19D.35 0,03 188.59 0.991 21 190.35 0.16 189.78 0.997 

9 190.35 (L06 188.65 n.991 22 190.35 0.24 190.D2 0.998 

10 190.35 0.15 188.80 D.992 23 190.35 0.12 190.14 0.999 

11 190.35 0.22 189.02 0.993 24- 190.35 0.27 190.41 1.000 

12 190.35 0.05 189.07 D.993 25 190.35 O.OS 190.46 1.0Cll 

13 190.35 D.02 189.09 0.993 26 190.35 O,OI 190.47 1. 001 

Table 4.26c Cumulative periodogram of weekly water deficit series for Rajkot 

Order MSD(u) MSD(j) 
Cum. Pi Ordc.' MSD(u) MSDlj) 

Cum. Pi 
MSD(j) MSD(j) 

1 289.76 187.78 187.78 0.648 14 289.76 0.02 287.59 0.992 

2 289.76 82.51 270.28 0.933 IS 289.76 lUll 287.60 0.993 

3 289.76 10.33 280.62 0.968 16 289.76 D.08 287.69 0.993 

4 289.76 4.53 285.15 0.984 17 289.76 0.02 287.70 0.993 

5 289.76 1.35 280.50 0.989 18 289.76 O.IS 287.88 0.993 

6 289.76 D.l1 286.61 0.989 19 289.76 (J.07 287.95 0.994 

7 289.76 D.I7 286.78 0.990 20 289.76 0.27 288.22 0.995 

8 289.76 0.23 287.02 0.991 21 289.76 0.21 288.43 0.995 

9 289.76 0.00 287.02 0.991 22 289.76 0.16 288.59 0.996 

10 289.76 0.18 287.20 0.991 23 289.76 0.04 288.64 0.996 

11 289.76 0.25 287.45 0.992 24 289.76 0.14 288.78 0.997 

12 289.76 0.09 287.54 0.992 25 289.76 0.08 288.86 0.997 

13 289.76 0,03 287.57 0.992 26 289.76 D.03 288.89 0.997 
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Table 4.26d Cumulative periodogram of weekly water deficit series for Amreli 

Order MSD(u) MSD(j) 
Cum. Pi Order MSD(u) MSD(j) 

Cum. 
Pi MSD(j) MSD(j) 

I 238.48 157.21 157.21 n.659 14 238.48 0.01 237.86 0.997 
2 238.48 69.14 226.36 0.949 15 238.48 0.02 237.87 0.997 
3 238.48 4.09 230.45 0.966 16 238.48 0.02 237.89 0.998 
4 238.48 4.04 234.49 (l.983 17 238.48 0.13 238.02 n.998 
5 238.48 1.73 236.22 (J.991 18 238.48 n.D8 238.10 0.998 
(, 238.48 0.30 236.52 0.992 19 138.48 (J.D] 238.12 0.998 
7 238.48 0.69 237.21 0.995 20 238.48 0.05 238.17 (J.999 
8 238.48 0.17 237.37 (J.995 21 238.48 0.05 238.22 0.999 
9 238.48 ().O7 237.44 0.996 22 238.48 n.02 238.24 0.999 

10 238.48 (l.lS 237.61 0.996 23 238.48 n.os 238.29 0.999 
11 238.48 0.09 237.70 0.997 24 238.48 0.21 238.50 1.000 
12 238.48 0.11 237.81 0.997 25 238.48 0.09 238.59 1.000 
13 238.48 0.04 237.85 0.997 26 238.48 0.00 238.59 1.000 

Table 4.26e Cumulative periodogram of weekly water deficit series for SK Nagar 

Order MSD(u) MSDW 
Cum. Pi Order MSD(u) MSDU) 

Cum. Pi MSD(j) MSD(j) 
1 188.31 12l.72 121.72 0.646 14 188.31 O.U8 187.15 0.994 
2 188.31 52.14 173.86 D.923 15 188.31 n.m 187.17 0.994 
3 188.31 10.26 184.12 0.978 16 188.31 0.04 187.22 0.994-

4 188.31 1.72 185.84 0.987 17 188.31 0.07 187.28 0.995 

5 188.31 0.47 186.31 0.989 18 188.31 0.04 187.32 0.9lJ5 

6 188.31 0.19 186.50 0.990 19 188.31 n.D5 187.37 0.995 

7 188.31 0.04 186.54 0.991 20 188.31 n.m 187.40 0.995 

8 188.31 0.02 186.56 0.991 21 188.31 0.00 187.40 0.995 

9 188.31 0.10 186.66 n.99l 22 188.31 0.05 187.44 0.995 

10 188.31 0.22 186.88 0.992 23 188.31 0.18 187.63 0.996 

11 188.31 0.08 186.96 0.993 24 188.31 0.09 187.71 0.997 

12 188.31 0.05 187.Gl 0.993 25 188.31 0.04 187.75 0.997 

13 188.31 0.06 187.07 0.993 26 188.31 0.29 188.05 0.999 

Table 4.26f Cumulative periodogram of weekly water deficit series for Khedbrahma 

Ordet' MSD(u) MSD(j) 
Cum. Pi Order MSD(ll) MSD(j) 

Cum. PI 
MSD(j) MSD(j) 

1 ] 83.85 115.26 115.26 0.627 14 183.85 0.07 182.68 0.994 

2 ] 83.85 52.(l4 167.30 (l.910 15 183.85 0.03 182.70 0.994 

3 183.85 10.34 177.64 0.966 16 183.85 O.Cll 182.71 0.994 

4 183.85 2.60 180.24 0.980 17 183.85 0.08 182.80 0.994 

5 183.85 l.08 181.32 0.986 18 183.85 O.Q1 182.81 0.994 

6 183.85 0.32 181.64 0.988 19 183.85 O.D3 182.84 0.995 

7 183.85 (U8 181.82 0.989 20 183.85 0.06 182.90 0.995 

8 183.85 0.05 181.87 0.989 21 183.85 0.07 182.97 0.995 

9 183.85 0.37 182.23 0.991 22 183.85 0.07 183.04 0.996 

10 183.85 0.23 182.47 0.993 23 183.85 0.02 183.06 0.996 

11 183.85 0.06 182.53 0.993 24 183.85 0.19 183.26 0.997 

12 183.85 0,01 182.55 0.993 25 183.85 0.09 183.35 0.997 

l3 183.85 0.07 182.61 0.993 26 183.85 0.01 183.35 0.997 
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Table 4.26g Cumulative periodogram of weekly water deficit series for Arnej 

Order MSD(u) MSD(j) Cum. 
PI Order MSD(u) MSD(j) Cum. 

MSD(j) MSD(j) PI 

I 286.34 199.86 199.86 0.698 14 286.34 0.04 284.36 0.993 
2 286.34 71.87 271.73 0.949 15 286.34 0.13 284.49 0.994 
3 286.34 7.71 279.44 0.976 16 286.34 0.14 284.62 0.99-1-
4 286.34 2.94 282.38 0.986 17 286.34 0.02 284.64 0. !)94 
5 286.34 (J.92 283.30 n.989 18 286.34 0.00 284.64 0.994 
6 286.34 11.28 283.58 0.990 19 286.34 0.02 2R4.6fi 0.994 
7 286.34 0.21 283.80 (}.991 20 286.34 0.13 284.79 O.9'}5 
8 286.34 0.29 284.08 O.l)92 21 286.34 (Ul6 284.85 (J.995 
9 286.34 0.14 284.22 n.993 22 286.34 O.OS 28i.93 0.995 

10 286.34 0.03 284.25 (). 993 23 286.34 (l.DS 285.01 O. \)l)5 

11 286.34 0.D5 284.31 0.993 2i 286.34 (Ull 285.02 0.995 
12 286.34 0.01 284.31 0.993 25 286.34 n.13 285.15 0.996 
13 286.34 (J.(ll 284.32 0.993 26 28(j.34 O.OJ 285.16 0.996 

Table 4.26h Cumulative periodogram of weekly watel' deficit series for Dhandhuka 

Order MSD(u) MSD(j) Cum. 
PI Order MSD(u) MSD(j) Cum. 

Pi MSD(j) MSDW 
I 235.02 164.)8 164.38 0.699 14 235.02 0.08 233.64 0.994 
2 235.02 60.6l 224.99 0.957 15 235.02 O. OS 233.69 0.994 
3 235.02 4.96 229.95 0.978 16 235.()2 O.OS 233.74 0.995 

-I 235.02 1.62 231.57 0.985 17 235.02 0.06 233.80 [l.9Y5 

5 235,()2 0.70 232.27 O.9811 18 235.02 0.02 233.82 0.995 
6 235.02 0.37 232.64 ().990 19 235.02 (LOS 233.87 n.995 

7 235.02 0.28 232.91 0.991 20 235.02 0.13 233.99 0.9% 

8 235.02 0.04 232.96 0.991 21 235.02 0.02 234.01 0.996 

9 235.02 0.03 232.99 0.991 22 235.02 O. (II 234.02 0.996 

10 235.02 0.18 233.16 0.992 23 235.02 0.02 234.04 0.996 

11 235.02 0.17 233.34 0.993 24- 235.02 0.18 234.21 0.997 

12 235.02 (l.12 233.46 0.993 25 235.02 0.00 234.21 0.997 

13 235.02 0.10 233.56 0.994 26 235.02 0.02 234.23 0.997 

Table 4.26i Cumulative periodogram of weekly water deficit series for Junagadh 

Order MSD(u) MSD(j) Cum. 
Pi Order MSD(u) MSD(j) Cum. 

Pi MSD(j) MSDU) 
I 256.19 183.77 183.77 0.717 14 256.19 0.08 255.04 0.996 

2 256.19 62.89 246.66 0.963 15 256.19 0.09 255.l3 0.996 

3 256.19 2.62 249.27 D.973 16 256.19 0.02 255.15 0.996 

4 256.19 2.90 252.17 0.984 17 256.19 0.02 255.17 0.996 

5 256.19 l.O8 253.25 0.989 18 256.19 0.00 255.17 0.996 

6 256.19 0.24 253.48 0.989 19 256.19 0.01 255.18 0.996 

7 256.19 0.60 254.09 0.992 20 256.19 0.02 255.20 0.996 

8 256.19 0.21 254.30 0.993 2l 256.19 0.00 255.20 0.996 

9 256.19 0.09 254.39 0.993 22 256.19 0.10 255.30 0.997 

10 256.19 0.15 254.54 0.994 23 256.19 0.02 255.32 0.997 

11 256.19 0.17 254.7] 0.994 24 256.19 0.06 255.38 0.997 

12 256.19 0.18 254.89 0.995 25 256.19 0.07 25:5,45 0.997 

13 256.19 0.07 254.96 0.995 26 256.19 0.08 255.54 0.997 
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Table 4.26j Cumulative periodogram of weekly water deficit series for Mahuva 

Order MSD(u) MSD(j) Cum. 
Pi Order MSD(u) MSD(j) Cum. 

MSD(j) MSD(j) Pi 

1 151.10 113.90 113.90 0.754 14 151.10 0.22 IS0.20 0.994 
2 151.10 33.22 147.12 0.974 IS 151.10 O.O-J 150.24 0.994 
3 151.10 0.85 147.98 0.979 16 151.10 0.02 150.26 0.994 
.j. IS1.10 1.24 149.22 0.988 17 151.10 O'()4 ISO.30 0.995 
5 151.10 0.12 149.3.J. 0.988 18 151.10 0.04 ISD.34 0.995 
6 15l.1O 0,09 149.43 0.989 19 151.10 0.02 150.36 0.995 
7 151.10 (l,DS 149.51 0.989 20 151.10 0,02 150.37 0.995 
8 151.10 0,04 149.55 0.990 21 151.10 (l,l3 150.50 0.996 
\/ 151.10 0.13 149.68 0.991 22 151.10 0.39 150.89 0.999 
10 15LlO 0.13 149.81 0.991 23 151.10 n.16 151.05 LOOO 
11 151.10 n.ll 149.91 0.992 24 151. 10 0.05 151.10 l.OOO 
12 151.10 0.04 149.96 0.992 25 151.1 () 0.06 lS1.16 1. oon 
13 151.10 n.03 149.98 0.993 26 151.10 0.01 IS1.17 l.OO 1 

Table 4.26k Cumulative periodogram of weekly water deficit series for Anand 

Order MSD(u) MSD(j) Cum. p[ Order MSD(u) MSD(j) Cum. 
Pi MSD(j) MSD(j) 

1 186.17 126.21 126.21 0.678 14 186.17 0.00 18S.44 0.996 
2 186.17 50.07 176.27 0.947 15 186.17 0.00 185.44 0.996 
3 186.17 6.26 182.53 0.980 16 186.17 0.03 185.48 0.996 
4 186.17 1.55 184.08 0.989 17 186.17 0.02 185.49 0.996 
5 186.17 0.77 184.85 0.993 18 186.17 D.Dl 185.50 0.996 
6 186.17 0.29 185.14 0.994 19 186.17 n.D 1 185.51 0.996 
7 186.17 0.13 185.27 0.995 20 186. I 7 D.O J 185.53 0.997 
8 186.17 0.04 185.31 D.995 21 186.17 0,07 185.59 0.997 
9 186.17 0.04 185.35 (U)96 22 186.17 0.11 185.70 0.997 
10 186.17 0.04 185.39 D.996 23 186.17 0.11 185.81 0.998 
11 186.17 0.04 185.42 D. \/96 24 186.17 0.11 185.92 D.999 
12 186.17 0.01 185.44 0.996 25 186.17 D.1S 186.07 D.999 
13 186.17 0.00 185.44 D.996 26 186.17 0.00 186.08 0.999 

Table 4.261 Cumulative periodogram of weekly water deficit series fOJ' Nawagam 

Order MSD(u) MSD(j) 
Cum. 

Pi Order MSD(u) MSD(j) Cum. 
Pi MSD(j) MSD(j) 

1 233.58 154.89 154.89 0.663 14 233.58 0.02 231.64 0.992 
2 233.58 61.90 216.79 0.928 15 233.58 0.01 231.65 0.992 

3 233.58 10.59 227.38 0.973 16 233.58 0.07 231.72 0.992 

4 233.S8 1.61 228.99 0.980 17 233.58 0.10 231.82 0.992 

5 233.58 1.61 230.61 D.987 18 233.58 0.06 231.88 0.993 

6 233.58 0.45 231.05 0.989 19 233.58 0.07 231.94- 0.993 

7 233.58 0.18 231.23 0.990 20 233.58 0.03 231. 97 0.993 

8 233.58 0.03 231.26 0.990 21 233.58 0.10 232.07 0.994 

9 233.58 0.15 231.41 0.991 22 233.58 0.15 232.22 0.994 

10 233.58 0.09 231.50 0.991 23 233.58 0.19 232.41 0.995 

11 233.58 0.06 231.56 0.991 24 233.58 0.18 232.60 0.996 

12 233.58 0.00 231.56 0.991 25 233.58 0.19 232.79 0.997 

13 233.58 0.05 231.62 0.992 26 233.58 0.01 232.80 0.997 
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Table 4.26m Cumulative pel'iodogram of weekly water deficit series for Bharuch 

Order MSD(u) MSD(D 
Cum. 

P; Order MSD(u) MSD(j) Cum. 
MSD(j) MSDW 

Pi 

1 227.01 162.59 162.59 0.716 14 227.oI 0.02 226.23 0.997 
2 227.01 53.26 215.85 0.951 IS 227.nI (Ull 226.23 0.997 
3 227.01 6.09 22l.95 0.978 16 227.01 0.07 226.30 0.997 
4 227.01 2.74 224.68 0.990 17 227,01 n.Dl 226.32 0.997 
5 227.()l 0.94 225.63 0.994 18 227.01 0.01 226.32 0.997 
6 227.()l n.07 225.70 0.994 19 227.01 n.D3 226.35 0.997 
7 227.01 0.13 225.82 0.995 20 227.01 n.oo 226.35 O.9Y7 
8 227.01 0.05 225.88 0.995 21 227.01 n.os 226.40 0.997 
9 227.01 0.09 225.96 0.995 22 227.01 D. () 1 226.41 (l.997 
10 227.01 0.06 22(j.03 0.996 23 227.oI 0.02 226.43 n.997 
11 227.(J] 0.07 22G.1O 0.9% 24 227.()} 0.02 226.45 n.998 
12 227.0J 0.09 226.19 (l.996 25 227.01 O.Ol 226.46 0.998 
1.3 227.ll I 0.02 226.21 0.996 26 227.0 I n.oo 226.46 O.99!l 

Table 4.26" Cumulative periodogram of weekly watel' deficit series for Surat 

Order MSD(u) MSD(j) 
Cum. P; Order MSD(u) MSD(j) 

Cum. 
P; 

MSD(j) MSDW 
1 197.35 147.40 147.40 0.747 14 197.3 5 0.01 196.73 0.997 
2 197.35 40.43 187.82 0.952 15 197.35 (Ull 196.74 0.997 
3 197.35 4.58 192.41 0.975 16 197.35 O.oI 196.75 0.997 
4 197.35 2.77 195.17 0.989 17 197.35 0.01 196.76 0.997 
5 197.35 1.12 196.29 0.995 18 197.35 0.01 196.76 0.997 
6 197.35 0.08 196.37 0.995 19 197.35 n.Ol 196.77 0.997 
7 197.35 0.17 196.53 0.996 20 197.35 0.01 196.7E 0.997 

8 197.35 0.10 196.6:1- 0.996 21 197.35 (Ull 196.79 0.997 

9 197.35 0.04 1%.68 0.997 22 197.35 O.(l3 196.83 0.997 

10 197.35 0.01 196.69 0.997 23 197.35 0.06 196.8E 0.998 

11 197.35 0.01 196.70 0.997 24 197.35 0.05 196.93 0.998 

12 197.35 (J.02 196.72 0.997 25 197.35 O.lO 197.03 0.998 

13 197.35 0.01 196.72 0.997 26 197.35 0.02 197.05 0.999 

Table 4.260 Cumulative periodogram of weekly water deficit series for Navsari 

Order MSD(u) MSD(j) 
Cum. 

Pi OnICI' MSD(u) MSDU) 
Cum. 

PI 
MSD(j) MSD(j) 

1 206.36 154.66 154.66 0.749 14 206.36 0.03 206.61 1.001 

2 206.36 42.02 196.68 0.953 15 206.36 0.07 206.68 UlO2 

3 206.36 3.92 200.60 0.972 16 206.36 0.03 206.71 1.002 

4 206.36 3.50 204.10 0.989 17 206.36 0.02 206.73 1.002 

5 206.36 1.39 205.49 0.996 18 206.36 0.00 206.74 1.002 

6 206.36 0.31 205.79 0.997 19 206.36 O.D2 206.75 1.002 

7 206.36 0.37 206.16 0.999 20 206.36 0.00 206.75 l.OO2 

8 206.36 0.17 206.33 1.000 21 206.36 0.01 206.76 l.OO2 

9 206.36 0.17 206.51 1.001 22 206.36 O.D2 206.78 l.OO2 

10 206.36 0.03 206.54 1.001 23 2()6.36 0.00 206.78 1.002 

11 206.36 0.02 206.56 1.001 24 206.36 0.02 206.81 1.002 

12 206.36 0.02 206.58 l.001 25 206.36 0.04 206.85 l.(l()2 

13 206.36 0.01 206.59 l.00 1 26 206.36 0.00 206.85 1.002 
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Table 4.26p Cumulative periodogram of weekly water deficit series for Gandevi 

Order MSD(u) MSD(j) Cum. MSD(j) PI Order MSD(u) MSD(j) Cum. MSD(j) PI 

1 179.12 132.06 I 32.()6 D.737 14 179.12 n.lO 177.95 0.993 
1 179.]2 35.36 167.42 D.935 15 179.12 0.15 178.10 O.9Y4 
3 17Y.12 3.59 171.()O 0.955 16 179.12 D.]2 178.22 0.91)5 
~ 179.12 3.28 174.28 0.973 17 179.12 D.04 178.26 0.995 
5 179.12 1.15 175.43 0.979 18 179.12 (Ull 178.28 0.9'15 
6 179.12 0.55 175.98 D.982 19 179.12 0.09 178.36 n.996 
7 179.12 0.41 176.39 0.985 20 179. I 2 0.06 178.42 O.9Y6 
8 179.12 0.43 176.82 0.987 21 179.12 (L05 178.47 O.9Y6 
9 179.12 0.35 177.16 0.989 22 179.12 0.07 178.54 0.997 

1(J 179.12 n.21 177.37 0.990 23 179.12 0.05 178.59 (J.997 
11 179.12 0.20 177.58 0.991 24 179.12 D.ID 178.69 0.998 
12 17').12 n.20 177.77 O.Y92 25 179.12 0.()9 178.78 0.998 
13 17'1.12 0.08 177.85 0.993 26 17912 (l.( 11 178.79 O.91J8 

The three criteria used to identify the number of significant hamlO11ics to be used in 

modelling periodic component were found to be consistent at different stations, except for 

SK Nagar and Nawagam. Thus, a compromised decision was made to limit the actual number 

of hannonics to be titted in the periodic modelling (for the stations where number of 

significant hanllonics were inconsistent in above tests), considering the periodic leak that may 

occur and thereby to avoid passing on to the stochastic component. Accordingly, first three 

hannonics each for Kothara, Radhanpur and Dhandhuka and first two hannonics for Mahuva 

were treated as significantly contributing towards periodicity and remaining were considered 

as white noise. For rest of the stations, first four hannonics were considered in modelling the 

periodic component ofweckly series. 

The Fourier series coefficients, AK and BK for the respective zones, were substituted 

in the Equation (3.40) and deterministic periodic components, Pt, have been computed for all 

values of t, where t is total period, which is 1144 weeks for Radhanpur, Amej, Dhandhuka, 

Mahuva and Gandevi, 1248 weeks for Rajkot, Khedbrahma and Nawagam and 1456 each for 

rest of the station. After determination of the periodic component, the same was then removed 

by deducting it from the observed time series, The remaining series is a stochastic component 

part, which is required to be fitted by an autoregressive model of suitable order. Estimated 

periodic component for the weekly series for different agro-c1imatic zones are shown in 

Table 4.29. 

4.7.4 Stochastic Component 

The stochastic component that was obtained by the removal of periodic component 

from the observed series is treated as random variable. Autoregressive stochastic model of 

order p, AR (p), was applied to the stochastic component of weekly water deficit series to 

generate synthetic data sequence of the weekly series. In autoregressive model, the current 
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Fig.4.16b Cumulative periodogram of weekly water deficit for SK Nagar, 
Khedbrahma, Arnej and Dhandhuka 
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Fig.4.16c Cumulative periodogram of weekly water deficit for Junagadb, 
Mahuva, Anand and N awagam 
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value of a variable was equated to the weighted sum of a pre assigned number of past valli es 

and a variate that is completely random. 

4.7.4.1 Model parameter estimation 

For modelling the stochastic component, autocorrelation function estimated from 

Equation (3.32) is required. Selection and estimation of autoregressive parameters is based 

upon the determined values of autocorrelation function of different lags. To obtain the 

t:stimates of the parameters for different model order, Equations (3.55) and (3.56) were 

computed recursively. 

4.7.4.2 Model identification 

Residual variance has been used as a criterion to determine the order of 

autoregressive model. Residual variance at different lags was computed using Equations 

(3.53) and (3.54) for the weekly water deficit series of differcJ1t zones. The estimated values 

for ,\leekly series of 26 lags are represented in Tables 4.27a to 4.27p. A suitable model order 

is the order for which the value of residual variance is minimum. Here, the minimum residual 

variance has been observed for first order model in weekly series of all the agro~climatic 

zones. However, the serial autocorrelation of residual series from first, second and third order 

model were compared in each weekly seIies and the residual series that gave well within the 

minimum range of values has been selected to represent the stochastic component of 

autoregressive model. 

According to the comparison made, for all the regions of Gujarat, except Amreli, 

autoregressive model order two has been selected for weekly water deficit series. For Amreli, 

third order autoregressive model has been selected. 

Table 4.27a Residual variance [Sz"2(p») values for weekly water deficit series for 
Kothal'a 

Autocovariance at la2: zero,_(Co) = 291315.675 

Lng 
Auto- Auto- Residual Lag 

Auto- Auto~ Residual 
correlation covariance variance rSz"2(n)1 correlation co\'ariance va ri;mctiSz"2_llili 

I O.SO 234267.32 102924.94 14 .0.25 -71807.87 209300.17 

2 0.72 208581.48 180923.25 15 -0.26 -76754.62 20976().32 

3 0.64 184992.06 185138.16 16 -0.27 -78105.79 209989.65 

4 0.54 158070.06 184498.68 17 ·0.27 -77587.47 210217.62 

5 0.43 124830.07 189468.26 18 -0.26 ·74556.39 210390.71 

6 0.32 92765.71 197171.41 19 -0.24 -69528.01 210569.82 

7 0.22 64615.70 200457.51 20 -IJ.22 -64994.24 210937.93 

8 D.12 33577.79 203877.62 21 -O.21 -60911.69 21 Hi 91.02 

9 n.02 6663.65 206615.03 22 -0.19 -55167.72 212231.63 

10 -0.06 ·17079.88 207980.61 23 -0.18 -51336.15 212867.66 

II ~O.13 -38131.69 209087.75 24 -0.17 -48110.39 213785.82 

12 -0.17 -50050.99 208745.33 25 -0.15 -437!!7.63 214318.33 

13 -0.21 -61188.91 208775.02 26 -0.15 -44518.23 215497.43 
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Table 4.27h Residual variance [Sz"2(p)] values for weekly water deficit series for 
Radhanpur 

A t u ocovanance a t I a! zero, (C 0) = 297719568 

Lag 
Auto- Auto- Residual 

Lag Auto- Auto- Residual 
eorrela tion covariance val'iancerSzA2(p)] correlation cO\'ariance ~'arill1lcerSzA2(p )1 

I 0.82 242653.52 99947. I 1 14 -0.24 -70278.45 212265.26 
2 0.73 217730.06 183091.77 15 -0.25 -748 I 8.85 212458.96 
3 (J.6S 193419.16 186336.0X 16 -0.27 -80230.14 212689.25 
4 0.57 170157.72 186321.21 17 -0.27 -80948.11 212952.58 
5 0.46 137315.01 189286.39 18 -0.27 -79406.73 2 I 3221.60 
6 0.35 103151.66 200296.37 19 -0.26 -76721.79 213676.03 
7 0.26 76349.05 203124.95 20 -0.25 -75478.58 214600.01 
S 0.15 44082.72 206375.01 21 -0.24 -7141l.57 2152(i2.45 
') (l.O5 l(i059.43 209844.99 22 -0.23 -68243.52 216041.56 
10 -0.04 -10827.87 211873.66 23 -0.22 -65S65.77 217313.15 
II -0.01) -27354.94 211464.59 24 -(Ul -f>2225.09 218()O6,59 

12 -0.16 -46017.04 211374.98 25 -0.21 -6279fl.[)2 219343.36 
13 -0.20 -60606.34 211971.55 26 -(J.20 -58774.30 219942.83 

Table 4.27c Residual variance [SzI\2(p)} values for weekly water deficit series for 
Rajkot 

A utocovanance at ag zero, 0 = (C) 525645196 

Lag 
Auto- Auto- Resiuual 

Lag 
Auto- Auto- Residual 

correlation covariance variance[SzA2(p)1 correlation covariance vllrianccrSz"2(p)] 
1 0.81 427039.71 178713.58 14 -0.17 -91052.H5 437362.81 
2 0.75 392618.83 368071.40 15 -0.21 -109054.58 438654.78 

.3 0.69 363814.86 392690.15 16 -0.24 -126042.46 439955.50 
4 0.60 317302.58 387076.58 17 -0.26 -136297.08 440693.58 
5 0.51 265965.49 398531.34 18 -0.27 -141445.03 441069.81 
6 0040 211486.92 416458.30 19 -0.28 -144362.23 441454.35 
7 0.31 163425.00 425579.27 20 -0.27 -142275.24 441832.36 

l\ 0.22 115393.95 429514.70 21 -0.26 -138163.15 442224.86 
') O.U 6%81.33 431855.55 22 -0.26 -138284.9& 443487.88 
III n.Os 275114.08 433601.26 23 -0.25 -131590.47 444940.38 
11 -{l.01 -6628.95 434235.96 24 -0.24 -127473.44 446292.99 

~2 -(J.07 -37451.27 434742.62 25 -0.24 -126001.73 448802.17 

13 -O.D -65794.12 435617.65 26 -0.23 -1l9527.52 449973.13 

Table 4.27d Residual variance [Sz h2(p)] values for weekly water deficit series for Amreli 

Autocovariance at lag zero, (Co) = 523985.207 

Lag Auto- Auto- Resiuual Lag 
Auto- Auto- Residual 

correlntion covariance variance rS,.'2(p) 1 correlation covariance varianccfS h
2(pl] 

1 0.84 441059.68 152727.27 14 -0.20 -103436.97 325945.34 

2 0.76 398313.37 289254.99 15 -0.24 -125774.20 326848.62 

3 0.68 355136.28 290648.10 16 -0.27 -140579.48 327009.32 

4 0.59 310552.57 290852.57 17 -0.30 -155188.44 327246.42 

5 a.50 259813.40 296338.94 18 -0.30 -159390.52 327190.19 
(\ 0.41 211988.55 302674.56 19 -0.31 -162960.81 327293.84 

7 n.32 167556.32 305471.03 20 -[1.31l -159402.30 327418.71 

8 0.24 125502.57 307221.26 21 -0.29 -150610.30 327793.56 

9 0.15 76028.01 312437.47 22 -0.27 -143234.89 327774.67 

10 0.07 36273.58 31600Ll4 23 .0.26 .137793.87 32933].21 

]] -[1.01 -3005.65 318163.72 24 -0.25 -129194.1 J 330816.95 

12 -0.08 -41215.1 J 321747.12 25 -0.24 -124519.13 332688.80 

13 .0.14 -73996.96 324126.51 26 -0.23 -12237&.35 336709.46 
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Table 4.27e Residual variance [SzI\2(p)] values for weekly water deficit series for 
SK Nagar 

A t u ocovanance a t \ ag zero, 0 = (C) 431908 339 

Lag 
Auto- Auto- Residual 

Lag Auto- Auto- Residual 
correlation covariance \'ariancefSzIl2{p )J correlation covariance variance! Sz"2(p)1 

1 O.SO 346173.23 154451.56 14 -0.17 -73351.88 295587.80 

2 0.71 307951.5] 270219.59 15 -0.21 -88614.59 296662.47 
3 0.62 268343.09 272187.44 16 -0.23 -97293.31l 297246.09 

-+ n.5S 237203.23 272574.27 17 -0.24 -105064.94 297697.90 
5 0.45 194278.66 27290(J.72 18 -0.25 -]058%.88 297830.96 
(j 0.35 149942.74 281638.95 19 -0.27 -114923.67 298494.66 

7 0.26 111662.83 285908.19 2U -0.27 -115217.90 299551.99 
8 0.17 74554.96 288572.34 21 -0.27 -116663.08 300295.05 
9 0.10 41610.01 290426.58 22 -0.27 -114657.90 301169.93 
10 0.03 12095.62 291401.83 23 -0.26 -111718.20 301686.49 
II -0.03 -12628.79 292036.05 24 -0.26 -110748.22 302562.38 
12 -D.08 -34561.46 292704.22 25 -n.26 -IIU607.13 304544.21 
13 -0.13 -57487.38 2943,}3.06 26 -0.25 -106387.06 305428.23 

Table 4.27f Residual variance [SzI\2(p)] values for weekly water deficit series for 
Khedbrahma 

A t U ocovanance a t] a_g zero, 0 == . (C) 297328829 

Lag 
Auto- Auto- Residual 

Lag 
Auto- Autu- Residual 

correlation covariance variance[SzIl2(p)] correlatiun covariance variancclSz112 (p ) 1 
I 0.85 252117.10 83548.58 14 -0.23 -67973.63 174615.74 
2 0.70 225764.63 146715.43 15 -0.26 -77l)l)5.25 175352.45 

3 0.68 202026.72 148548.11 16 -0.28 -84472.08 176031.85 
4 0.59 174539.82 148253,76 17 -OJO -89187.26 176031.06 

5 0.48 141950.55 154646.81 18 -0.31 -90618'()3 176882.99 
6 0.37 109085.14 162987.57 19 -0.31 -93168.35 177466.72 

7 0.26 77289.31 168 I 94.35 20 -0.32 -95161.21 179261.19 

8 0.16 48427.69 170297.86 21 -0.31 -92740.52 179625.01 
9 0.D7 20468.1 I 171755.89 22 -OJO -89268.09 179853.24 

10 -0.01 -2814.26 172261.11 23 -0.30 -90347.87 181208J7 

11 -n.07 -2 I 989.82 172438.26 24 -0.30 -88532.36 183(J11.02 

12 -n.14 -40445.11 172829.79 25 -0.30 -88251.05 184754.66 

13 -(l.19 -55362.97 173702.22 26 -0.30 -88290.65 187403.20 

Table 4.27g Residual variance [SzA2(p)J values for weekly water deficit series for Arnej 

A utocovanance a t I ag zero, 0 = (C) 392760783 

Lag Auto- Au to- Residual 
Lag 

Auto- Auto- Residual 
correlation covariance variance[Sz"2(p)1 correlation covariance variance [Sz"2{p)J 

1 0.84 331246.91 113393.5U 14 -0.22 -86612.92 282245.75 

2 0.78 304598.30 243565.44 15 -0.26 -103348.36 282961,45 

3 0.69 272363.19 242340.37 16 -0.31 -120206.38 283994.88 

4 0.62 243319.47 242770.55 17 -0.33 -130784.91 285028.99 

5 0.53 209755.72 244717.28 18 -0.34 -134950.30 285088.59 

6 0.44 171040.46 252705.63 19 -0.35 -137923. I 8 285236.17 

7 0.33 131149.41 263301.31 20 -0.36 -141896.40 286347.62 

8 0.23 90613.14 272052.61 21 -0.36 -140967.21 287553.66 

9 0.13 52538.22 277616.53 22 -0.36 -140901.42 288984.03 

10 0.06 22512.74 277729.69 23 -0.35 -137256.34 290715.18 

11 -0.03 -10102.41 278152.22 24 -0.35 -l37608.69 293529.33 

12 -0.09 -36970.31 279223,32 25 -0.34 -135051.83 297074.43 

13 -0.16 -63734.22 280384.12 26 -0.34 -133318.95 299561.47 
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Table 4.27h Residual variance [SzA2(p)] values for weekly water deficit series for 
Dhandhuka 

A t u ocovanance a t I ~_zero, (I == (C) 349328994 

Lag 
Auto- Auto- Residual 

Lag Au to- Auto- Residual 
correlation covariance variance[Sz"~ correlation covariance variance[Sz"2(p)1 

I n.81 2813S4.05 122674.50 14 -CUI -73906.48 283982.24 

2 0.74 256776.06 241609.08 15 -0.25 -87070.10 284332.96 
:; 0.66 232088.S2 250610.38 16 -0.29 -1011119.20 2846\1S.57 

4 0.59 206022.62 250246.10 17 -0.31 -107429.29 284923.R8 

5 0.51 178015.34 251532.46 18 -D.31 -1(llJS20.0S 285338.28 
(i 0.41 143732.22 257365.97 19 -0.33 -116247.58 285240.82 

f-7 0.32 111141.24 264977.24 20 -0.34 -118955.63 286964.77 

!\ 0.22 78343.92 270695.53 21 -n.33 -116556.62 287591.84 
l) 0.14 48990.56 273815.42 22 -0,33 -115643.60 2R8418.91 

10 0.06 21929.73 275302.08 23 -0.32 -112453.92 289661.94 

11 -0.01 -1875.41 27602S.42 24 -0.31 ·109676.94 290789'()6 

12 ·D.OS -26799.77 277202.84 25 -0.31 -108142.81 292550.53 

13 -0.15 -51620.35 280270.57 26 -f).30 -105196.69 294607.16 

Table 4.27i Residual variance [SzA2(p)] values for weekly water deficit series for 
Junagadh 

Autocovariance at lag zero, (Co) == 493532.121 

Lag 
Auto- Auto- Residual 

Lag Allto- Auto- Residual 
correlation covariance variancelSz"2_{Jlll correlation covariance variallce[Sz"2(p)] 

I 0.8S 432100.65 115216.38 14 -0.21 -103958.61 329731.13 

2 (J.81 401301.59 270937.44 15 -0.26 -128405.65 330075.32 

3 0.74 366709.35 269957.78 16 -0.30 -146817.37 330325.24 

4 0.67 329110.80 27103').72 17 -0.32 -160035.95 330560.89 

5 0.57 282473.12 281688.57 18 -0.34 -165681.36 330817.96 

6 0.47 231141.54 302299.32 19 -0,36 -176407.78 330453.54 

7 0.37 18317S.38 312498.42 20 -0.35 -174802.99 329762.22 

S 0.28 135707.44 316596.00 21 -0.35 -170692.85 33000B.71 

9 0.18 87639.14 320305.82 22 -0.34 -167248.86 330415.01 

10 0.09 42481.83 323142.37 23 -0.34 -169310.12 336012.87 

11 0.00 593.52 324lJ39.63 24 -0,34 -167458.18 342442.72 

12 -0.08 -38749.79 326883.10 25 -0.34 -166557.00 347310.09 

13 -0.15 -74974.63 329139.73 26 ·D.34 -165485.95 351724.53 

Table 4.27j Residual variance [SzA2(p)] values for weekly water deficit series for 
Mahuva 

A t U ocovanance a t I ag zero, 0 == (C) 239965 665 

Lag Auto- Auto- Residual Lag Autu- Auto- Residual 
correlation covariance variance rSz"2Jp)] correlation covariance variancelSz"2l1ill 

1 0.82 196240.72 79482.61 14 -0.17 ·39675.67 214570.79 

2 0.76 183301.94 17&352.63 15 -().22 -51971.67 214496.85 

3 O.7() 168611.96 187295.89 16 -0.26 ·63233.S2 215540.84 

4 0.65 154841.21 187841.35 17 ·0,31 -73515.84 217178.18 

5 0.56 133640.24 1&8471.86 18 ·0.32 ·77270.26 217268.34 

6 0.46 109122.71 198374.03 19 -0.34 -81251.74 217469.76 

7 0.37 89124.27 204134.62 20 -0.35 -84230.32 217804.96 

& 0.28 66175.37 208004.74 21 -0.35 -83880.05 217999.92 

9 0.18 43208.97 212136.67 22 -0,35 -84109.04 218249.75 

10 0.10 24500.08 212841.16 23 -0.36 -86871.27 220456.60 

11 0.02 5790.70 213251.88 24 -0,36 ·86835.46 223185.76 

12 ·0.05 -11280.76 213801.74 25 -0.37 -87713.40 225792.7& 

13 -0.13 -30073.53 215085.44 26 -0.36 -86522.':)2 22792.2.84 
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Table 4.27k Residual variance [Sz'2(p)1 values for weekly water deficit series for Anand 

Autoco r' va lance a t 1 ag zero, 0 = ) (C) 364809 691 
Auto- Auto- Residual 

Lag Auto- Auto- Residual Lag correlation covariance variancerSz'z(p )1 correlation covariance varianc~Sz'M_ 
1 0.83 301137.18 116231.83 14 -0.22 -79502.05 288626.76 
2 O.7h 277937.59 249399.18 15 -0.26 -94707.60 290041.44 
3 0.69 252595.54 256882.60 16 -0.29 -106456.15 29()766.53 
4 O.6() 218786.52 255378.66 17 -0.31 -114034.73 291085.(j6 
5 0.51 187643.56 260389.26 18 -0.32 -117227.03 291291.11 
6 0.41 148363.07 268759.81 19 -0.33 -121725.46 291659.17 
7 0.31 114092.48 275511.86 20 -0.34 -122892.()8 2Y2883.21 
8 0.22 79035.23 279332.19 21 -0.33 -121677. 94 293786.5R 
y 0.12 .12850.55 283659.99 22 -0,]3 -120211.09 294782.34 
10 0.04 13204.21 28550U.40 23 -0.33 ·1 18551i.92 296438.66 
11 -().04 -13256.08 285947.91 24 -0.32 -116099.62 298299.46 
12 -n. 1 () -37883.32 286435.21 25 -0.32 -114915.24 300606,3') 

13 -(J.16 -58857.73 287188.20 26 -CUI ·112814.07 3[)2955.06 

Table 4.271 Residual variance [SzI\2(p)] values for weekly water deficit series for 
Nawagam 

A t U ocovanance at ag zero, 0 = (C) 405063271 

Lag 
Autu- Auto- Residual Lag Auto- Auto- Residual 

correlation covariance variance[SzIl21pl] correlation cuvariance variance r Sz 112 (ll)] 
1 0.84 341174.24 11770],09 14 -0.22 -88039.59 264211.05 

2 0.76 308576.82 225294.93 15 -0.25 -I Cl0020.1 () 204348.47 
3 0.69 277366.28 228587.94 16 -0.28 -112018.g() 264583.82 

4 0.61 246011.87 228402.04 17 -0.29 -1l866[).g9 265089.09 

5 O.S() 204250.45 233120.53 18 -0.30 -122210.82 265464.96 

<1 OAO 16279],91 244419.67 19 -0.30 -122635.17 265949.63 

7 (Ul 124287.56 249837.38 20 -0.31 -125289.83 267265.31 

8 0.21 83934.74 254595.93 21 -0.31 -123930A9 268689.96 

9 0.11 45248.86 259038.59 22 ·0.31 -126397.28 271170.61 

10 0.03 10539.85 261249.87 23 -0.31 -126823.40 274727.94 

II -0.05 -18552.41 261938.24 24 -0.31 -127024.32 277000.84 

12 -0. II -44204.77 262347.25 25 .0.31 -124366.15 278058.67 

13 -0.17 -68921.58 263223.26 26 -0.31 -123881.47 279300.54 

Table 4.27m Residual variance [SzI\2(p)] values for weekly water deficit series for 
Bharuch 

A t u ocovanance a t I a_g_ zero, (C) 445221 036 0 = 
Lag Auto- Autu- Re.sjduaJ Lag Auto- Auto- Residual 

correlation covariance l'ariancerSzIl2(p) 1 correlatiun cuvariance variance[SzIl2{p)] 
1 0.85 378280.19 123816.88 14 -0.19 -83856.55 289265.24 

2 0.77 343101.08 240426.13 15 -0.24 -J 05425. 10 290206.58 

3 0.71 315668.82 251160.77 16 -0.28 -124695.26 291497.20 

4 0.64 282751.62 249279.90 17 -0.31 -139097.50 292178.66 

5 0.55 244335.96 253357.02 18 -0.34 -149340.41 292617.88 

6 0.44 197649.69 267269.16 19 -0.35 -156649.56 293132.96 

7 0.35 157798.71 275263.84 20 -DJ7 -162291.&1 294092.38 

8 0.26 116534.67 279833.34 21 ·0.37 -164084.78 294839.70 

9 0.18 77749.77 282826.90 22 -0.37 -163134.50 295503.46 

10 0.08 35030.11 287050.06 23 -0.36 -161266.00 296601.05 

11 0.01 5231.12 285845.45 24 -0.37 -162545.73 299501.80 

12 -0.06 -27614.22 285510.42 25 -0.36 ·160968.30 302875.22 

13 -0.13 -58087.32 287739.63 26 -0.36 -159970.48 306276.20 
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Table 4.27n Residual variance [SzI\2(p)] values for weekly water deficit series for Sumt 

u ocovanance a I!_g_ zero, 0 = . A t t I (C) 373689 74 

Lag 
Auto- Auto· Residual 

Lag Auto· Auto- Residual 
correlation covariance variance[SzI\2Crill_ correlation cOl'ariance varillnceJSzA 2(pJI 

I 0.88 329288.57 83526.72 14 -0.20 -73541.16 196584.40 
2 0.81 300794.93 158857.47 15 -0.25 ·93805.29 196898.(;6 
3 0.74 276255.4() 162167.99 16 -0.30 -112339.83 197242.78 

4 0.66 244796.37 160669.56 17 -0.34 -126026.94 197371.52 
5 057 212084.41 167206.92 18 -0.36 ·135753.86 197515.89 
(j 0.47 176563.46 174552.93 19 -0.39 -144038.27 I 97935.X6 

7 0.38 142220.47 179613.30 20 ·(l.40 -150417.94 199227.75 

8 0.29 109146.82 182044.52 2J -0.41 -1529'l5.59 200128.79 

9 0.20 73806.73 185508.62 22 -0.41 -154395.62 201003.41 
10 0.11 4()192.46 189376.05 23 ·0.42 -155003.44 202678.17 

II o.m 10098.95 190986.70 24 -042 -15603!:J.74 205763.75 

12 -D.OS -19754.11 192667.18 25 -042 -157072.80 210079.95 

13 -0.12 -46074.26 194097.35 26 -0.42 -156181.02 213453.71 

Table 4.270 Residual variance [SzI\2(p)] values for weekly water deficit series for 
Navsari 

A t u ocovanance at ag zero, 0 = (C) 378113657 

Lag Auto- Auto- Residual Lag Auto- Auto- ReSidual 
correlation covariance variance[SzA~l correlation covariance variance [SzI\2(Jl)] 

1 0.89 337135.08 77516.07 14 -0.22 -82318.25 187870.69 

2 0.82 309383.72 146755.90 15 ·0.28 -106135.87 190844.19 

3 0.75 2833S1.55 147443.3(i 16 -0.33 -126154.04 192236.82 

4 0.67 253029.32 147665.15 17 ·0.37 -140642.11 192467.27 

5 (J.58 217899.22 156201.36 18 -0.40 ·150935.10 192598.98 

6 OAS 181786.85 165350.15 ]9 .0.42 -J60112.98 192817.73 

7 0.38 143725.44 173051.2S 20 -0.44 -165635.63 )93830.59 

8 () 29 107656.55 177029.68 21 -0.44 -165511.98 193933.81 

':J 0.19 70837.32 180143.37 22 -0.44 -165256.54 194172.76 

10 0.09 35124.37 183535.32 23 -0.44 -166557.74 197734.68 

11 001 3770.n3 184468.40 24 -0.44 -165127.59 201853.61 

12 -0.07 -28152.31 185852.84 25 ·0.44 -164549.93 206122.97 

13 -0.15 -54659.56 186547.77 26 -0.44 -164407.06 212263.50 

Table 4.27p Residual variance [SzI\2(p)] values for weekly water deficit series fOt, 
Gandevi 

U ocovanance a ag zero, 0 = . A t tl (C) 349328 994 

Lag Auto- Auto- Residual Lag Auto- Auto- Residual 
currelation covariance variance [SzI\2(p)1 correia tion covariance variance[Sz"2(p)1 

1 (J.81 281384.05 122674.50 14 -0.21 ·73906.48 283982.24 

2 0.74 256776.06 241609.08 15 -0.25 -87070.10 284332.96 

3 0.66 232088.82 250610.38 16 -0.29 -100119.20 284698.57 

4 0.59 206022,62 250246.10 17 -0.31 -10742':J.29 284923.88 

5 0.51 178015.34 251532.46 18 -0.31 -109820.08 285338.28 

6 0.41 143732.22 257365.97 19 -0.33 -116247.58 285240.82 

7 0.32 111141.24 264977.24 20 -0.34 -118955.63 286964.77 

8 0.22 78343. 92 270695.53 21 -0.33 ·116556.62 287591.84 

9 0.14 48990.56 273815.42 22 -0.33 -115643.60 288418.91 

10 0.06 21929.73 275302.08 23 -0.32 ·1l2453.92 289661.94 

11 -0.01 -1875.41 276021-1.42 24 -0.31 ·109676.94 290789.06 

12 ·(J.OS -26799.77 277202.84 25 ·0.31 -10S142.81 292550.53 

13 -0,15 -51620.35 280270.57 26 ·0.30 ·105196.69 294607.16 

201 



The selected model order and parameters for different regions are given in Table 

4.28. The stochastic component was estimated by fitting the autoregressive parameters in the 

Equation (3.52) for the selected model order. The final forms of expression for estimating the 

stochastic component in weekly water deficit series for the different regions are as under: 

Table 4.28 Model order and autoregressive parameters of weekly water deficit Series 

Region Model order «I> (p,k) Values 

Kothara 2 
£D(e.l) 0.646 

«1\2.2) 0.196 

£D(z.l) 0.652 
Rndhallpur 2 

£D(2.2) 0.200 

wo.) ) 0.605 
Rajkot 2 

<1>(2.2) 0.256 

<D(3.)) 0.691 

Amreli 3 <D(3.2) (un 

«1>(3,3) 0.008 

$(2,) 0.643 
SK Nagar 2 

$(2.2) 0.197 

Khedbrahma 2 
$(2,1) 0.726 

<1'>(2.2) 0.143 

(1)(2.1) 0.656 
Amej 2 

0.223 <1>(2.2) 

<DC2•1) 0.608 
Dhandhuka 2 

<1'>(2.2) 0.246 

(I>(~.l) 0.701 
Junagadh 2 

0.200 <1)(2.2) 

<1'>(2,1) 0.583 
Mahuva 2 

<1'>(2,2) 0.287 

<1'>(2,1) 0.617 
Anand 2 

0.253 <1>(1,2) 

<])(2,1) 0.690 
Nawagam 2 

<D(2,2) 0.180 

<DC2.!) 0.701 
Bhamch 2 

0.175 <DO.2) 

<D(2.1) 0.769 
Surat 2 

<1>(2,2) 0.127 

<1>(2.1) 0.791 
Navsari 2 

<D(2.2) 0.113 

<D(3,1) 0.782 
Gandevi 2 

<P(2,2) 0.123 
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Kothara St:::; 0.646St.,+0.196St.2+at ... (4.1) 

Radhanpur St :::; 0.652St.)+0.200St.2+Ut ... (4.2) 

Rajkot Sl:::; 0,605St.I+0.256St_2+al ... (4.3) 

Amreli St:::; 0.69181_1+0. 172St_2 + O.008S t•3+at ... (4.4) 

SK Nagar St:::; 0,643St_1+O.197St_2+ut .. , (4.5) 

Khedbrahma St:::; 0.726SI_1+O.143St.2+at ... (4.6) 

Amej St:::; O.656St.I+O.223St_z+at (4.7) 

Dhandhuka St = 0.608St_1+O.246St.c+ut (4.8) 

Junagadh St:::; 0.701St_I+O.200St.2+Ut (4.9) 

Mahuva St:::; 0.583St.j +0.287St.2+at (4.10) 

Anand St = 0.6 1 7SL• j +O.253St.z+al ... (4,11) 

Nawagam SI :::; 0.690S[.1+0.1 ROSt_~+at ... (4, 12) 

Bharuch St:::; O.701St_I+0.175S t_2+at ... (4.13) 

Surat St = 0.769St_1+O.127S t_2+at ... (4.14) 

Navsari St:::; 0.791St_,+0.113S t_2+ut ... {4.15) 

Gandevi St:::; O.782St_l+0.123St_2+at ... (4.16) 

4.7.5 Residual Sedes 

As observed from the Section (4.7.4), the SI series of stochastic component, which 

was obtained after the removal of the deterministic components from the time series, consists 

of two components. These are the dependent part represented by an autoregressive model and 

the independent or residual part that is completely random also called as a \vllite noise. The 

residual series, at, is obtained by deducting the generated series, which is the sum of periodic 

and stochastic component, from the observed time series. 

4.7.6 Model Structure 

The model structure of a time senes constitutes the sum of trend, periodic and 

stochastic component. Since the observed weekly series in each agro~climatic region are trend 

free, the sub~models of periodic and stochastic component are added together to foml the 

newly developed model structure of the water deficit series. The mathematical stlUcture of the 

additive model as described by Equation (3.31) can now be presented for weekly water deficit 

series as given in Tables 4.29 for different agro-climatic zones. The formulated model 

stmcture has been used to generate similar sequenced series of weekly water deficit. 
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Table 4.29 Model structure of weekly water deficit series 

Region 
Mean, Periodic component, Stochastic component, 

mm week-! mm weel(l mmweek- l 

-2.85Cos(271tlp)+ 11.64Sin(2ntip) 
Kothara 31.12 -5.08Cos( 4ntip)-7.62Sin(41tt/p) 0.646S,_\+0.196S'_1+a, 

O. 77Cos(61tt/p)+2.59Sin(61tt/p) 

-S.60Cos(271t/p)+ 13.93Sin(21ttlp) 
Radhanpur 32.73 -4.48Cos( 41ttlp )-1 OJ SSin( 4nt/p) 0.652S"I+O_200S,.~+a, 

·0.07 Cos(61ttip )+4. 5&Sin( 61tt!p) 

-2.49Cos(271t/p)+ 19.22Sin(27tt/p) 

Rajkot 30.71 
-4.S9Cos( 471tip)-11. 99Sin( 41tt/p) 

O.605Sr_I+O.256S,.2+a, 2.06Cos(6nt/p )+4.05 Sine 61ttip) 
-2.51 Cos(87tt/p )-1.67Sin(8nt/p) 

O.50Cos(21tt/p)+ I 7.73Sin(21ttip) 

AmreLi 28.74 -S.75Cos(41tt/p)-1 O.26Sin(41tt/p) 
0.691 S,.I+O. 1 725t.3 + 0.OO8S,_J+u, 1.97Cos( 67tt/p )+2.0SSin( 6nt/p) 

-2.84Cos( 81tUp )+0.22Sin(81ttlp) 

-6.4Cos(21tt/p)+ 14.23Sin(2nt/p) 
SK Nagar 26.23 -3 .63Cos( 47tt/p )-9 .54Sin( 41ttip) 0.643S,.1+0. 1975t.2+a, 

-0_2SCos( 61ttlp )+4.52Sin( 67tUp) 

-2. 95Cos(27lt/p)+ 14.89Sin(27lt/p) 

Khedbrahma 20.19 
-3.85Cos( 41ttlp)-9.45Sin( 47tt/p) 

0.726St.I+0.143S,.2+at 1.12Cos( 6nt/p )+4.41 Sine 6nt/p) 
- I .4SCos(81tt/p)-1.76Sin(8nt/p) 

-2. 78Cos(21tt/p)+ 19.79Sin(2mlp) 

Arnej 26.28 
-4.42Cos(4ntip)-11.15Sin(4m/p) 

O.656St.1+O.223S t.2+a, 1.68Cos(6nt/p)+ 3.S5Sin(6nt/p) 
-2.04Cos(81ttip)- I .31 Sin(81tt/p) 

-2. 57Cos(27tt1p)+ 1 7.95Sin(2ntlp) 
Dhandhuka 26.47 -5.04Cos( 4nt/p )-9. 79Sin( 4nt/p) 0.608 St.I+0.246St.2+a, 

1.70Cos(6nt/p)+2.6SSin(6nt/p) 

2.88Cos(271tlp)+ 18.95Sin(2ntlp) 

Junagadh 24.78 
-5 .46Cos( 471tip )-9 .80S inC 41ttJp) 

0.701 S,_1+0.20St_2+a, 1.93Cos( 671t/p)+ 1.23Sin(6nt/p) 
-2.35 Cos(8nt/p )-0. 52Sin(81tt/p) 

Mahuva 24.89 
1.92Cos(2ntlp)+ 14. 97Sin(271t/p) 

0.583St_I+0.287SI.2+at -3. 12Cos(471l/p)-7.53Sin(4ntip) 

-2.27Cos(21ttlp)+ lS.73Sin(271tlp) 

Anand 20.66 
-4. I3Cos( 4nt/p)-9.12Sin( 41tt/p) 

0.6 I 7S'.1+0.253S,_z+ut O.98Cos( 61Itlp)+ 3.39Sin( 61It/p) 
-1.34Cos(8nt/p )-1. 14Sin(81ttip) 

-2.91 Cos(21tt/p)+ 17.36Sin(271tlp) 
Nawagam 23.27 -3 .23Cos( 47ltlp )-1 0.65Sin( 4ntlp) O.690St.I+O.180St.:!+a, 

I ,36Cos( 6nt/p )+4. 40 S in( 61ttlp ) 

-0.76SCos(27tt/p)+ 18.02Sin(2ntip} 

Bharuch 21.71 
-4.93Cos( 4nt/p )-9.07Sin( 471 tip ) 0.701 SI.I+().175St_2+a, 
2.09Cos( 6ntlp)+ 2.79Sin( 6ntlp) 
-2.31 Cos(8ntlp)-OAOSjl)(871t/p) 

I.03Cos(271tlp)+ 17 . 14Sin(21tt/p ) 

Surat 20.50 
-4.656Cos( 4ntip)-7. 69Sin(4nt/p ) O.769S,_1+0.127St_2+at 
2. 16Cos(6nUp)+2.12Sin(67tt1p) 
-2.25Cos(8ntlp )-0 .67S in(8ntlp) 

2,3 9Cos(2nUp )+17 .42Sin(27tt/p) 

Navsari 19.73 
-4.75Cos(4ntlp)-7.84Sin( 4nt/p) 0.791SI•I+0.113S1_2+a, 
2.29Cos(6nt/p)+ 1.61 Sin(6nt/p) 
-2. 64Cos(8-ntip )-0. 09S inC 8nt/p) 

0.499Cos(21tt/p)+ I 6.244Sin(271t/p) 

Gandevi 16.74 
-3.873Cos( 4nt!p)-7.464Sin( 4nt!p) 0.782St.,+0.1 23SI.1+a, 

2.07Cos(6ntlp)+1.7Sin(671tip) 
.2.557Cos(8:nt/p)-0.I35Sin(8nt/p) 
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4.7.7 Diagnostic Checking 

The formulated models were sUbjected to diagnostic checking for eitlwr rejection or 

acceptance. Test of goodness of fit for obsen'ed weekly water deficit models was carried out 

for all the zones, Two different test of goodness of fit like sum of squares analysis and auto­

correlation analysis were used for diagllostic checking. 

4.7.7.1 Sum of squares analysis 

[11 this analysis, the sum of squares of residuals and deviation of observed series tj'om 

their meun value were estimated by using Equations (3.59) and (3.60). The required measure 

value, R2 was obtained using Equation (3.61). The value ofR2 obtained for each agro-climatic 

zones are presented in Table 4.30. These values for weekly series model were found to range 

from 0.9521 at Mahuva to 0.9983 at Gandevi. From the results it is inferred that the 

developed model has a best goodness of fit to generate weekly water deficit series. 

Table 4.30 Sum of squares analysis of residual series of water deficit at different 
stations 

Station R2 

Kothara 0.9633 
Radhanpur 0.9672 

Rajkot 0.9569 

Amreli 0.9773 
SK Nagar 0.9626 

Khedbrahma 0.9838 
Amej 0.9770 

Dhandhuka 0.9852 
Junagadh 0.9835 
Mahuva 0.9521 

Anand 0.9630 
Nawagam 0.9778 

Bharuch 0.9806 
Surat 0.9903 

Navsari 0.9930 

Gandcvi 0.9983 

4.7.7.2 Autocorrelation analysis 

The autocorrelation function of weekly residual series was estimated for lag k Llsing 

Equation (3.32) for each region. The value of autocorrelatioll function was plotted against the 

lag to obtain a correlogram. The resulting correlogram of weekly series, along with the 

confidence limit at 0.0 1 level of significance for each agro-climatic zone are shown in Figures 

4.17a to 4.17d. TI1e confidence limits were estimated using Equation (3.32). The results show 

that for all lags the autocorrelation function falls fairly within the confidence limits. So we 

can use these models and generate values of weekly water deficit and compare the statistical 

characteristics of observed and generated series. 
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4.7.8 Validation of Stochastic Model 

Comparison of generated with observed water deficit series was made to validate the 

model. Figures 4.1Sa to 4.1Sd depict the variation of observed and generated weekly water 

deficit series for the study period for all the stations. Figures 4.ISa to 4.18d indicate that there 

is a close agreement between observed and generated water deficit series. 

The basic statistical characteristics for the modelling period are shown in Table 4.31. 

Values of mean, standard deviation, coefficient of skewness, kurtosis and variance show that 

for observed and generated series statistical characteristics are not significantly different. Also 

very low integral square error (IS E) shows that the formulated models are significantly 

adequate for generating weekly water deficit 

The values of correlation coefficient (r) between observed and generated weekly 

series for the modelled period were worked out as shown in Table 4.32. The correlation 

coefficient ranged from 0.9772 at Mahuva to 0.9969 at Navsari in weekly series. The mean 

weekly observed water deficit series of period under consideration were also compared \vith 

their respective generated series. Figures 4.19a to 4.19d depict the variation between the mean 

,veekly observed and generated series of the modelled period for all the stations. 

The values of correlation coefficient r, between the mean observed and generated 

weekly water deficit series were also worked out as shown in Table 4.32. The correlation 

coefficient ranged from 0.9978 at Rajkot to 0.9996 at Navsari in mean 'weekly series. 

Therefore, the model structures formulated can be used for long-term prediction of weekly 

water deficit for their respective agro-climatic stations. Similar results were also obtained by 

Jat et aI., (2003a) for semi-arid region of Rajasthan state. 

The results of predicted water deficit for weekly series of two years ahead (2002 and 

2003) are depicted in Figures 4.20a to 4.20d. The basic statistical characteristics of observed 

and predicted weekly series such as mean, standard deviation, coefficient of skewness, 

kurtosis and variance were also estimated for comparison. As shown in Table 4.33, the 

observed and predicted series have llot produced significantly different results indicating the 

adequacy of the model for predicting water deficit for their respective zones. The values of 

correlation coefficient r, between the mean observed and predicted weekly water deficit series 

were worked out as shown in Table 4.34. The correlation coefficient ranged from 0.9794 at 

SK Nagar to 0.9981 at Navsari in weekly series and from 0.9870 at SK Nagar to 0.9985 at 

Navsari in mean weekly series. 

Above results for predicted and observed weekly water deficit series of two years 

(2002 and 2003) indicate adequacy of the model for predicting water deficit series fOf 

respective periods in different agro-climatic zones of Gujarat. Values of correlation 

coefficient and statistical characteristics for observed and predicted series confinn the 

reliability of weekly water deficit model for generation of data. 
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Fig.4.18a Variation of weekly observed and generated water deficit series 
for Kothara, Radhanpur, Rajkot andAmreli 
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Fig.4.18b Variation of weekly observed and generated water deficit series 
for S.K. Nagar, Khedbrahma, Arnej and Dhandhuka 
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Table 4.31 Statistical characteristics of observed, generated and residual weekly 
water deficit series at different stations 

Station Series Mean, SD, 
Slu!owness Kmiosis Variance ISE mm mm 

Observed 31.12 14.15 -0.34 -0,04 200.22 
Kothara Generated 31.12 12.87 -0.08 -0...1-0 165.62 

Residual 0.00 2.71 -1.61 7.82 
0.0023 

7.35 
Observed 32.73 16.93 0.01 -0.52 286.54 

Radhanpur Generated 32.73 15.60 0.18 -0.68 243.31 0.0031 
Residual 0,00 3.07 -1.51 7.92 9.40 
Observed 30.71 20.53 0.30 -0.66 421.53 

Rajkot Generated 30.71 18.95 0.34 -O.7.J. 358.98 1l.OO29 
Residual 0.00 4.26 -D.95 7.34 18.17 
Observed 28.70 18.98 0.19 -0,72 360.13 

Amreli Generated 28.70 17.73 0.24 -0,79 31..)..36 0.0026 
Residual 0.00 2.85 -0.84 4.32 8.13 
Observed 26.21 17.17 0.35 -0.64 294.85 

SK Nagar Generated 26.23 15.70 OA.J. -D.73 246.42 0.0033 
Residual 0.00 3.33 -1.11 7.36 11.09 
Observed 20.19 15.43 0.58 -0.40 238.05 

Khedbrahma Generated 20.19 14.63 0.57 -0.53 214.06 O.()032 
Residual 0.00 1.97 -0,90 7.09 3.87 
Observed 26.28 19.44 0,50 -0.59 378,02 

Amej Generated 26.28 18.37 0.49 -0.75 337.51 0.0037 

Residual 0,00 3.18 -1.28 8.71 10.10 
Observed 26.47 18.34 0.40 -0,63 336.22 

Dhandlmka Generated 26.47 16.95 0.46 -0.73 287,38 0.0044 

Residual 0.00 3.80 -0.73 8.01 14.42 
Observed 24.78 18.42 0.21 -l.OO 339.20 

Junagadh Generated 24.78 17.63 0.19 -1.04 310.77 0.0025 

Residual 0.00 2,36 -1.01 7.42 5.59 

Observed 24.89 15.20 -0.19 ~0.94 230.96 
Malmva Generated 24,89 14,04 -0.1 I -0.99 197,13 0.0028 

Residual 0.00 3,33 -1.19 6,71 11,06 

Observed 20.66 15.83 0.46 -0.78 250.73 

Ammd Generated 20.66 14.82 0.45 -0.87 219,69 0.0038 

Residual 0,00 3,()5 -1.38 10.43 9,28 

Observed 23,27 18.02 0.56 -0.58 324,83 

Nawagam Generated 23.27 16.93 0.53 -0.69 286.71 O.O()42 

Residual 0.00 2.68 -1.29 8,99 7.20 

Observed 21.71 17.49 0.46 -0.84 305.99 

Bhamch Generated 21.71 16.57 0.46 -Cl.89 274,41 0.0029 

Residual 0.00 2.44 -1.20 8.99 5.93 

Observed 20.50 16.03 0,26 -1.l3 256.83 

Sural Generated 20.50 15.42 0.26 -1.17 237,74 0.0027 

Residual 0.00 1.55 -1.77 9,71 2.41 

Observed 19,73 16,12 0.25 -1.17 259.87 

Navsari Generated 19.73 15.61 0,25 -1.20 243.71 0.0026 

Residual 0.00 1.35 -1.49 8.33 1.81 

Observed 16,74 14,55 0.43 -1.07 211.68 

Gandevi Generated 16,74 14,13 0.42 -Uo 199,61 0.0023 

Residual 0,00 1.24 -1.65 12.34 1.54 
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Table 4.32 Correlation coefficient between observed and generated water deficit 
series at different stations 

Station 
Correlation coefficient, r 

Series Series mean 
Kothara 0.9843 0.9981 

Radhanpur 0.9855 0.9992 

Rajkot 0.9799 0.9978 

Amreli 0.9902 0.9988 
SK Nagar 0.9841 0.9983 

Khedbrahma 0.9929 0.9987 

Arnej 0.9875 0.9994 

Dhandhuka 0.9799 0.9993 

Junagadh 0.9924 0.9992 

Mahuva 0.9772 0.9992 

Anand 0.9824 0.9987 

Nawagam 0.9902 0.9986 

Bharuch 0.9912 0.9993 

Surat 0.9959 0.9995 

Navsari 0.9969 0.9996 

Gandevi 0.9967 0.9994 

4.8 GEOSTATISTICAL MODELLING OF WATER DEFICIT 

The spatial variability of water deficit during the severe drought year (1987) 111 

different agro-climatic zones of Gujarat was analysed using spatial statistics and estimating 

water deficit at ullI'ecorded places using geostatisticai kriging technique. Observed pattern of 

the experimental semivariogram was studied and it was fitted to model a suitable trend as 

recommended in geostatistical modelling. The complete analysis has been carried out using 

an enhanced geostatistical tool of the ArcGIS 8.0 software. The suitable model fitted was 

fUliher used to evaluate a krigged estimate of the water deficit at the station using the spatial 

variability. Isodeficit line maps were prepared for observed and krigged water deficit values 

for 10 fortnigbts stalting from 23 rd standard meteorological week. Comparisons of isodeficit 

line map of different fortnights indicate the temporal variability of water deticit over Gujarat. 

4.8.1 Statistical Parameters 

The different statistical parameters of observed fOltnightly water deficit data are 

presented in Table 4.35. Table 4.35 reveals that mean water deficit varies from 18.63 to 41.48 

mm in different fortnights. Skewness coefficient and kUl10sis values indicate that no fortnight 

series is normally distributed. Third and ninth fortnight have highest and lowest range. This 

indicates much difference in zonal water deficit during third fortnight (starting of rainy 

216 



217 



80 
SK Nagar --Observed mean 

E 60 
....... Generated mean 

E 
...r 
'u 
I;:: 40 Q/ 
"0 

]l 
~ 20 

0 
0 4 8 12 16 20 24 28 32 36 40 44 48 52 

Standard week 

80 
Khedbrahma --Observed mean 

E 
E 

60 
....... Generated mean 

...r 
'13 
11= 40 . 
Q/ 

"C ... 
.2l 
~ 20 . 

o -
0 4 B 12 16 20 24 28 32 36 40 44 48 52 

Standard week 

80 
Arnej --Observed mean 

E 
E 60 " .. - - - Generated mean 
...r 
'13 
11= 
Q/ 40 "C ... 
.2l 
~ 20 

0 
0 4 8 12 16 20 24 28 32 36 40 44 48 52 

Standard week 

80 
Dhandhuka --Observed mean 

E 60 
' . , .... Generated mean 

E 
...r 
'(3 

'§ 40 
"C ... 
.$ 
~ 20 

, 

0 
0 4 8 12 16 20 24 28 32 36 40 44 48 52 

Standard week 

Fig.4.19b Variation of mean weekly observed and generated water deficit 
series for S.K. Nagar, Khedbrahma, Arnej and Dhandhuka 
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Fig. 4.20a Variation of observed and predicted weekly water deficit series for' 
Kothara, Radhanpur, Rajkot and Amreli 
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Fig.4.20b Variation of observed and predicted weeldy water deficit series for 
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Fig.4.20c Variation of observed and predicted weekly water deficit series for 
Junagadh, Mahuva, Anand and Nawagam 
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Fig. 4.20d Variation of observed and predicted weekly water defidt series for 
Bharuch, Surat, Navsari, and Gandevi 
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Table 4.33 Statistical characteristics of observed, predicted and residual weekly 
water deficit series at different stations 

Station Series 
Mean, SD, 

Skewness Kurtosis Variance ISE 
mm mm 

Obscrved 31.10 12.85 0.17 -0.26 165.14 

Kothara Predicted 31.10 11.87 0.]4 -0.18 140.89 0.0081 

Residual 0.00 2.85 -1.73 8.95 6.66 

Observed 31.48 18.09 0.18 -0.47 327.35 

Radhanpur Prccfictcd 31.50 16.76 0.33 -0.62 280.81 0.0097 

Residual -0.01 2.97 -1.14 2.81 8.80 

Observed 31.63 21.50 0.38 -0.66 462.41 

Rajkot Predicted 31.62 20.30 0.42 -0.75 412.18 0.0074 

Residual 0.01 3.40 -3.26 20.68 11.58 

Observed 30.90 19.98 0.22 -0.81 399.06 
Amreli Predicted 31.00 18.89 0.30 -0.90 356.89 0.0079 

Residual -0.01 2.53 -1.28 3.88 6.40 
Observed 26.5 16.82 0.18 -0.73 282.79 

SK Nagar Predicted 26.5 15.15 0.37 -0.78 229.45 0.0134 

Residual 0.00 3.64 -1.24 6.40 13.27 

Observed 17.54 15.12 0.73 -0.58 228.57 
Khedbrahma Predicted 17.54 14.38 0.77 -0.58 206.78 0.0126 

Residual 0.00 2.05 " 1.50 8.90 4.22 
Observed 26.33 20.39 0.61 -0.58 415.93 

Arnej Predicted 26.35 19.27 0.62 -0.67 371.43 0.0109 
Residual -0.01 2.95 -1.54 10.82 8.73 
Observed 23.18 20.58 0.82 -0.49 423.48 

Dhandhuka Predicted 23.19 19.13 0.75 -0.73 366.11 ().0141 

Residual -0.01 3.34 -2.31 12.03 11.17 
Observed 25.00 18.98 0.19 -1.27 360.29 

Junagadh Predicted 25.10 18.40 0.19 -1.29 338.49 0.0069 

Residual -0.01 I. 78 -2.06 8.60 3.16 

Observed 24.36 16.50 -0.07 -1.14 272.41 

Mahuva Predicted 24.36 15.53 -0.08 -1.20 24J.l3 0.0084 

Residual 0.00 2.27 -2.51 15.36 5.17 

Observed 20.70 16.23 0.45 -0.93 263.41 

Anand Predicted 20.70 15.32 0.46 -0.97 234.76 0.0122 

Residual -0.01 2.59 -1.44 9.75 6.69 

Observed 24.38 18.53 0.48 -0.76 343.31 

Nawagam Predicted 24.39 17.72 0.49 -0.83 313.87 0.0131 

Residual -0.01 ].98 -3.61 20.78 3.94 

Observed 24.20 20.45 0.48 -1.01 418.27 

Bharuch Predicted 24.20 19.38 0.47 -1.06 375.42 0.0091 

Residual -0.01 2.25 -3.06 16.71 5.06 

Observed 19.3 14.98 0.26 -0.97 224.39 

Surat Predicted 19.3 14.56 0.25 -1.04 211.90 0.0103 

Residual -0.01 1.32 -2.1 I 7.47 1.73 

Observed 19.7 15.39 0.25 -1.06 236.82 

Navsari Predicted 19.7 15.07 0.23 -1.12 227.10 0.0097 

Residual -0.01 0.99 -1.12 3.35 0.98 

Observed 17.38 14.30 0.31 -1.07 204.55 

Gandevi Predicted 17.40 13.96 0.29 -1.12 194.76 0.0060 

Residual -0.02 1.07 -3.37 21.65 1.15 
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Table 4.34 Correlation coefficient between observed and predicted water deficit series 
at different stations 

,----

Station 
Correlation coefficient, r 

Series Series mean 

Kothara 0.9813 0.9932 

Radhanpur 0.9884 0.9914 

Rajkot 0.9884 0.9918 

Amrdi 0.9930 0.9964 
._-

SK Nagar 0.9794 0.9870 

Kh~dbraillna 0.9916 0.9946 

Amcj 0.9905 0.9916 

Dhandhuka 0.9885 0.9900 

Junagadh 0.9960 0.9966 

Mahuva 0.9918 0.9956 

Anand 0.9882 0.9930 

Nawagam 0.9950 0.9974 

Bharuch 0.9951 0.9967 

Surat 0.9964 0.9973 

Navsari 0.9981 0.9985 

Gandevi 0.9974 0.9984 

Table 4.35 Statistical analysis of fortnightly water deficit data for 1987 over Gujarat 

Fortnight Fl F2 F3 F4 F!; F6 F7 F!I Fg FlO 

Mean. 
41.48 30.06 22.96 

111m fortnighr1 22.88 24.15 18.63 24.88 29.48 30.S5 30.48 

S.D .. 
13.53 17.52 19.40 

111m fortnighr1 15.88 17.19 20.38 13.87 11.77 10.94 10.75 

Variance 183.16 306.99 377.42 252.23 295.83 415.45 192.52 138.71 119.89 115.72 

Skewness -0.58 -0.74 0.19 0.03 0.29 0.79 -0.01 0.31 0.5] 1.22 

Kurtosis 2.62 2.24 1.74 1.90 1.99 2.04 1.78 2.11 2.37 4.26 

Maximum, 
58.07 54.51 57.32 5n.9~ 54.30 54.44 48.97 52.68 53.25 59.78 

111m fortnighr1 

Minimum. 
11.21 D.OO n.no 0.10 0.00 12.55 16.93 18.70 

mm forlnighr1 0.00 3.67 

Range 46.S6 54.51 57.32 5Cl.SS 54.32 54.44 45.30 40.13 36.32 41.08 

Count 17 17 17 17 17 17 17 17 17 17 
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season) compared to ninth fortnight (end of rainy season). The non-consistency and 

varJability of each fortnightly series is due to change of climatic factors affecting 

evapotranspiration process over the study area. 

4.8.2 Semivariograms 

The variability of water deficit estimates between any two locations can be assessed 

lIsing semivariogram, a graphical representation of semivariance and lag distance. 

Computation of semivariance and covariance was evaluated for data spaced on irregular grid. 

Values of semivariance show jumps and drops because of regional changes in climate 

throughollt the kharif season over the study area. Computed values of semivariance at 

different lags were used by the software programme for generating the best fit model for each 

fortnight. The parameters of the fitted model sllch as nugget, sill, range and structure of the 

water deficit data are given in Table 4.36. 

Table 4.36 Variogram characteristics of fitted Gaussian model for fortnightly water 
deficit for 1987 

Fortni~ht NU~fZet SiIJ Ran2c 
1 35.26 194.86 0.92 
2 208.23 511.07 3.79 

'" 230.06 491.51 2.26 .) 

4 152.19 355.41 2.56 
5 75.77 427.19 1.99 
6 88.41 1289.72 4.89 
7 5.49 284.54 1.83 
8 0.00 188.14 1.59 
9 5.91 148.96 1.39 

10 21.98 135.75 1.30 

Experimental semivariograms of different fortnights reveal that it is directionless and 

structured isotropic in all fortnights. Since no anisotropy in water deficit series is observed, 

directional variogram is same in east-west and north-south direction. Hence only one 

variogram is sufficient. The model variograms for different fortnights are shown in 

Figures 4.21 a to 4.21 c. 

4.8.3 Kriging Estimates of the Water Deficit Model 

Based on the model fitted using the semivariograms, the krigged parameters were 

estimated for each fortnight of the study area. Krigged estimates for the stations were 

computed by the package ArcGIS, llsing point kriging technique. 

4.8.4 Isodeficit Line Map of Observed and Krigged Estimates of Water Deficit Data 

The isodeficit I ine map of the observed and krigged estimates of fortnightly water 

deficit during 1987 kharif season over Gujarat were generated using geographic information 

system software and have been plotted for 2.5 mm interval. The isodeficit line map of 

observed and krigged water deficit values are shown in the Figures 4.22a to 4.22j. 
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Comparison of observed and krigged isodeficit line maps as shown in Figures 4.22a 

to 4.22j for different fortnights indicate the spatial structure of measured and krigged water 

deficit over Gujarat. Spatial structure of f0l1nightly water deficit in krigged isodeficit line 

maps indicates the effect of krigged water deficit at unrecorded places by way of isolated 

locations of differing water deficits. However, water deficit iso-lines in observed and kl'igged 

maps of different fortnights indicate a slight variation of deficit magnitudes keeping the 

spatial trend almost similar to observed one. Hence, the spatial and temporal variation of 

water deficit during 1987 drought is studied using both the maps simultaneollsly. 

4.8.5 Spread of 1987 Drought over Gujarat 

Droughts usually do not descend all of sudden without warning, but they are usually 

the result of culmination of a set of a weather sequences that require extended periods of time 

to develop. The results of drought evaluation in Section 4.4.1 indicate that in Gujarat, often 

some part or the other experiences localized drought. However, in some years the whole state 

experiences drought conditions. Studies revealed that even in such years the drought intensity 

and its time of occurrence varied from zone to zone. In order to project a pattern of drought 

spread over Gujarat, one case study is presented, pertaining to the severe drought condition 

that prevailed over the state during the year 1987. 
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Spatial and temporal variability of water deficit during the kharif season of 1987 

drought year is visualized from Figures 4.22a to 4.22j. Water deficit iso-lines for the first 

fortnight (23 rd and 241h Sl11W) shows the peak observed and predicted deficit values prior to 

onset of monsoon. Figures 4.22b and 4.22c indicate the water deficit status during starting of 

the monsoon season over Gujarat. Water deficit iso-lines in Figures 4.22b and 4.22c show 

direction of movement of monsoon over the state, which clearly indicates that monsoon 

begins from south Gujarat and advances in north-east, nOlth and north-west direction. Water 

deficit contours on north Gujarat, north-west (Kutch) and Saurashtra regions in Figures 4.22b 

and 4.22c indicate inadequate monsoon rains during the normal sowing weeks (25th to 2ih 

SI11\V). High water deficit condition existing during 3rd fortnight (Figure 4,22c) over the patts 

of the state, reduced in 4th fOltnight (Figure 4.22d) due to advancement of m011soon rains. 

However, the water deficiency in scarcity zone (Saurashtra, Kutch and North Gujarat) 

remained pronounced compared to other parts, where moisture status was favourable for crop 

growth. 

Figure 4.22e indicates the beginning of the drought fr0111 Radhanpur and Rajkot 

region in sth fortnight, which intensified from large to severe over the scarcity zone covering 

North Gujarat, Kutch and North to central Saurashtra in 6th and i h f0l1nights (Figures 4.22f 

and 4.22g). Large to severe drought condition was further intensified in rest part of the state 

d . 8th 91h d loth ~ . h d . d' 11 1" f' unng ,an lortmg ts an contmue 111 a agro-c llnatlc zones 0 GUJarat. 

The results of spatial and temporal variability of water deficit during a severe drought 

year clearly indicate that the occurrence and spread of drought in Gujarat State has a general 

tendency to originate in the water deficient region, spreads in different directions of similar 

deficient regions and then dissipates. The analysis thus, brings out two impOltant facts, that 

the effect of drought is more discernible and occurs early in regions receiving lower rainfall 

and secondly, that they have an origin and follow a pattern of spread and decay. This type of 

analysis could be llseful to pinpoint the origin and the gradual spread of drought into variolls 

regions of the state and would provide advance information to crop planners/administrators to 

mitigate the ill effects of such severe drought. 

4.9 CROP PLANNING UNDER DIFFERENT AGRO-CLIMATIC ZONES OF 
GUJARAT 

The selection of crops and cropping pattern for rainfed region depends on the quantum 

and distribution pattern of rainfall during crop growing season. It becomes essential to pJan 

cropping sequences such that the critical crop stages escape the continuous severe dry spells 

safely or if not possible then to select suitable drought resistant crops. Such an analysis not 

only helps in identifying the risk involved in the production of a specific crop/variety in a 

given region but also enables to achieve sustainability of crop production. Among different 
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Fig. 4. 22e Observed and krigged water deficit (mm) during 
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Fig. 4.22f Observed and krigged water deficit (mm) during 
6th fortnight of 1987 drought year over Gujarat 

237 

'\ 



b) Krigged 

Fig. 4. 22g Observed and krigged water deficit (mm) during 
7th fortnight of 1987 drought year over Gujarat 
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fig.4.22h Observed and krigged water deficit (mm) during 
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Fig. 4. 22i Observed and krigged water deficit (mm) during 
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N 

A 



a) Observed 

b) Krigged 

Fig. 4. 22j Observed and krigged water-deficit (mm) during 
1()!h fortnight of 1987 drought'year over G'!iarat 
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crop growth stages, flowering ,uld grain filling periods are known to be critical (grand growth 

period) as far as root zone moisture is concerned (Salter and Goode, 1967). Using the results 

of dry spell analysis, crop planning for different agro-climatic zone is done as under: 

4.9.1 Lengtn of Growing Season 

The length of growing season is computed as per Section 3.13 for different years at 

the selected stations. Length of growing season for different stations at 70 per eent probability 

of annual rainfall is obtained from Figures 4.23a to 4.23d and presented in Table 4.37. 

It is observed from Figures 4.23a to 4.23d that the length of growing season (LOS) 

show an increasing trend with increasing annual rainfall at all the stations. Length of growing 

season in general varied from a minimum of () to 10 weeks to tIle maximum of 17 to 2() weeks 

at different stations during the study period. The LOS at 70 per cent probability at Kothara, 

Radhanpur, Rajkot and Amreli (Figure 4.23a) with annual rainfall of 185 nu11, 225 mm, 225 

111111 and 375 mm was observed to be 9, 10, I [ and 13 weeks, respectivcIy. Similarly, the LOS 

at 70 per cent probability at Bharuch, Surat, Navsari and Oandevi (Figure 4.23d) with annual 

rainfall of 615 mm, 825 mm, 1135 mm and 1215 lUlll was observed to be 14, 14, 15 and 15 

weeks, respectively. The length of growing season for rest of the stations were observed 

between 12 to 14 weeks with an annual rainfall from 330 to 585 mIll. Starting week of 

growing season was decided based on the onset of effective monsoon. Table 4.37 indicates 

that in south Gujarat, LOS starts two to three week earlier than that of north, north-west and 

Saurashtra region of the Gujarat. 

4.9.2 Choice of Crops and Cropping Systems 

The choice of crops and cropping systems III a region depends on the length of 

growing season, rainfall distribution and soil type and depth. Selected rainfed crops and 

cropping systems under different agro-climatic zones are presented in Table 4.38. It is seen 

from Table 4.38 that mono-cropping is possible in almost all the zones of the state. Double 

cropping is possible in South, Central and part of North Oujarat considering availability of 

irrigation water, soil depth and available water holding capacities. When long duration kharif 

crops like castor, cotton, pigeon pea, paddy, etc. are grown then only mono-cropping system 

is possible. Double cropping system is possible in deep soils with fair moisture holding 

capacities alongwith short duration kharif crops. For north-western (SK Nagar, Radhanpur 

and Kothara)~ South-western (AImeIi, Rajkot and Junagadh) and Bhal and coastal (Arnej, 

Dhandhuka and Mahuva) scarcity zones of the state, mono"cropping system based drought 

resistant crops are possible. 
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Table 4.37 Length of growing season under different agro-climatic zones of Gujm'at 

,_. 

Station Starting week Ending week Duration, week 

Kothara 28 36 9(63) 
Radhanpur 28 37 10{70) 
Rajkot 27 37 11 (77) 
Amreli 27 39 13(91) 
SK Nagar 27 39 13(91) 
Khedbrahma 27 38 12(84) -_ 
Arnej 26 38 13(91 ) 
Dhandhuka 26 37 12(84) 
Junagadh 26 39 14(98) 
Mahuva 27 37 11 (77) 
Anand 26 39 14(98) 
Nawagam 26 38 13(91 ) -
Bharuch 25 38 14(98) 
Surat 25 38 14(98) 

Navsari 25 39 15(105) 
Gandevi 25 39 15(105) 

Figures in parenthesis indicate number of days. 
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V - SUMMARY AND CONCL USIONS 

Rainfed agriculture predominates the large part of the country in general and Gujarat 

In particular. In these areas v .... ith no assured irrigation facilities, complex soit-water­

atmospheric exchange aggravates water supply to plants as a result of precipitation 

deficiency. Prolonged water deficit leads to drought, which is primarily influenced by climatic 

evapotranspiration process. Drought studies in a systematic manner are very few and have 

been done only in last fe ... " decades, generally in the countries with availability of long term 

hydroLogical and meteorological records. The precise knowledge of onset and termination of 

dIective monsoon, dry and wet spells. magnitude of water deficit, water surplus and their 

spatial and temporal behaviour over the years in quantitative tenns are not available and 

posing difficulty in analysis of drought 

Keeping this in view, the study on "Modelling of Drought Under Different Agro­

climatic Zones of Gujarat" was undertaken with the objectives: (i) to analyse the rainfall 

pattem and estimate dry spells, (ii) to estimate the moisture status on the basis of\vater balance, 

(iii) to evaluate droughts and estimate frequ(;!l1cies of water deficit, (iv) to predict water deficit 

using artificial neural networks, (v) to develop and validate appropriate stochastic model of 

water deficit, (vi) to study spatial and temporal variability of water deficit using geostatistical 

model, and (vii) to plan suitable cropping pattern 011 the basis of drought alk'llysis. 

The climatic data of rainfall, air temperature, relative humidity, ""'jnd velocity and 

bright sunshine hours for a period of 30 years (1974 to 2003) for Kothara, Amreli, SK Nagar. 

Junagadh, Anand, Bharuch, Surat, and Navsari: for 26 years (1978-2003) for Rajkot, 

Khedbrahma and Nawagam and for 22 years for Radhanpur, Amej, Dhandhuka, Mahuva, and 

Gandevi, respectively. were collected from Meteorological Observatories of the respective 

Agricultural Research Stations of the Gujarat Agricultural University. Soil data were 

obtained from a joint publication of the Gujarat Agricultural University, Navsari and National 

Bureau of Soil Survey and Land Usc Planning, Regional Centre, Udaipur. 

The rainfall data were analysed for annual, seasonal and weekly pattern and onset and 

withdrawal of rainy season. Initial and conditional probabilities of dry and wet spell were 

determined by Markov-Chain process. Weekly reference evapotranspiration values were 

estimated by Penman-Monteith equation. Water balance components were determined by 

Thomthwaite and Mather book keeping technique. The drought is characterized considering 

aridity index (Ia) anomalies estimated on weekly and alUmal basis by detemlining it's 

intensity and duration. Extreme weekly water deficit data during kharif season was analysed 

using various distributions to find out the best probability distribution for each zone. Water 

deficit data were also analysed to develop md validate appropriate Artificial Neural Network 



[odds and stochastic models. Geostatistical approach was used to study the drought spread 

y producing contour maps to understand spatial and temporal variability of water deficit over 

Ie region. Suitable crops and cropping systems were suggested based 011 the results obtained 

1 the study. The results of the study are summarized as follows: 

Results of rainfall analysis of different agro-climatic zones indicated that average 

nIlual famfulI varied from 368.74 111m at Radhanpur to 1580.53 mm at Gandevi with 

oet11ci~nt of variation of 54.94 and 32.25 per cent, respectively. Mean seasonal rain£1.l1 

cceived from June to September ranged between 337.68 mm at Kothara to 1541.33 111m at 

Jandevi. Maximum and minimum mean weekly rainfall during monsoon season ranged from 

6.91 to 197.55 mm and 2.10111111 to 42.48 ll1m, respectively in different agro-climatic zones. 

Onset of effective monsoon under nonnal condition is expected by 25 th standard 

1ctl.!oroiogical \vcek (smw) in south Gujarat i.e. Gandevi, Navsari, Surat and Bharuch with a 

robability of43.5, 38.7, 41.9 and 38.7 per cent; by 26th smw at Arnej, Junagadh, Anand and 

Jawagam with a pI'Obability of 60.9, 58.1, 45.2 and 40.7 percent; by 27th smw at Rajkot, 

unreh, SK Nagar, Klledbrahma, Dhandhuka and Mahuva with a probability of 51.8, 54.8, 

~ .... ~: 4l.U, 65.2 and 52.2 percent and by 28 th 
Sl11W at Kothara and Radhanpur with a 

lrobability of 29.0 and 34.8 percent, respectively. Similarly, withdrawal of monsoon is 

xpected in 36th srow at Kothara and Radhanpur with 54.8 and 56.6 percent probability; in 

:Slh S111\V at Rajkot, Khedbrahma, Arnej and Mahuva with 51.8,48.1,43.5 and 47.9 percent 

Irobability; in 39th S111W at Amn~li, SK Nagar, Dhandhuka, Junagadh, Anand, Nawagam, 

Jharuch, Surat and Gandevi with 41.9, 51.6, 52.2, 41.9, 58.1, 55.5, 51.6, 48.4 and 43.5 

Icrcent probability and in 40th smw at Navsari with 45.2 percent probability, respectively. 

~esults of dry spell analysis indicated that mid season droughts are likely to occur with 26 to 

() percent probabilities at Junagadh, Anand, Nawagam, Bhamch, Surat and Navsari; with 51 

) 75 per cent probability at Rajkot, Amreli. SK Nagar, Khedbrahma, Amej, Dhandhuka and 

l1ahuva. and < 25 per cent probability at Gandevi. Kothara and Radhanpur experienced mid 

eason droughts on regular basis with high probability. The possibilities of late season 

rOllghts during maturity period are high (> 50%) at all the stations except Gandevi, where it 

; 25 perccnt. 

The mean annual reference evapotranspiration in different zones was found to vary 

rom 1437.31 mm with CV of 5.10 percent at Gandevi to 2026.55 mm with CV of 9.05 

lereent at Rajkot. Whereas, seasonal reference evapotmspiration values at Kothara, 

ladhanpur, Rajkot, Amreli, SK Nagar, Khcdbrahma, Arnej, Dhandhuka, Junagadh, Mahuva, 

\nand, Nawagam, Bhamch, Surat, Navsari, and Gandevi were found to be 631.46 mm, 

i93.~9 mm. 655,SSl mm, 598.51 111m, 658.17 mm, 510.28 mm, 641.65 mm, 634.17 mm, 

i14.08 mm, 557.97 mm, 563.52 mm, 584.50 mm, 548.70 mm, 530.51 mm. 429.36 mm and 

·68.97 mm, respecti vely. The result of annual moisture status in different zones indicated that 
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high water deficit prevailed during driest year followed by nonnal and wettest year. The 

weekly \vater deficit during active crop growing period at Kothara, Radhanpur, Rajkot and 

Amrcli varies from 13.73 to 25.44 mm, 12.08 to 24.94 n11n, 5.80 to16.02 and 6.84 to 14.00 

mm; at SK Nagar, Khedbrahma, Amej and Dhandhuka varies from 7.16 to 18.30 mm, 1.76 to 

1l.H 1 mm, 4.24 to 11.91 mm and 5.28 to 12.79 mm; at Junagadh, Mahuva, Anand and 

Nawagam varies from 2.16 to 7.47 mID, 4.74 to 13.01 mm, 1.95 to 8.35 mm and 1.56 to 10.09 

mm and at Bharuch. Surat, Navsari and Gandcvi varies between 2.08 to 6.82 rom, 0.80 to 5.98 

111m. (Ult) to 3.31 mill and 0.08 to 2.62 111m, respectively. The results for different agro~ 

cl imatic zom:s indicate that under normal condition, moisture status at all the stations situated 

in half of the castem part of the state (Khedbrahma, Anand, Nawagam, Bharuch, Surat, 

Navsari and Gandevi) is sufficient for satisfactory gro\vth of rainfed crops, whereas, all the 

stations located in the other half (western part, includes SK Nagar, Amej, Dhandhuka, 

Mahl1\'a_ Jl1nagadh, Radhanpur and Kothara) experienced moisture deficit during the crop 

grO\\th period. Climatic shift study at station under consideration indicated that Kotham and 

Radhanpur (North-West Gujarat) were found to be predominantly in arid climate, Bharuch, 

Surat. Navsari and Gandcvi (South Gujarat) in humid (dry sub-humid to humid) climate and 

rest of the stations in semi-arid climatic condition. Results of surplus water availability in 

different agro-climatic zones clearly indicated that there are chances of getting excess water 

in rainy season in all the zones, which can be effectively harvested and used in watcr deficit 

periods. 

Drought evaluation study revealed that total drought years vary from 9 to 15 during 

the study period in different zones, indicating the frequency of one drought year in every two 

to three years. Analysis of drought years indicated that drought does not occur simultaneously 

in all the agro-climatic zones but usually occur sporadically all over the state. However, 

during somc years, all the zones experienced droughts of varying intensity. The results 

indicated that droughts are common not only in arid and semi-arid climate but equally occur 

C\'en with higher frequency in dry sub-humid climate also. The cumulative deviation values of 

the drought year in different agro~climatic zones in general indicate that different category 

droughts of varying durations prevail simultaneously all over the state. Chi~square test of best 

fit frequency distributions indicated that log Pearson type-III distribution was the best 

probability model for predicting weekly maximum water deficit during crop growing season 

at all the stations except Dhandhuka, Junagadh, Mahuva, Nawagam and Surat, where Weibull 

(maxima) distribution and at Kothara Gumbel distribution fitted best. 

Artificial Neural Networks technique was used for estimation of weekly water deficit 

for the selected agro-climatic zones. It was observed that the ANN predicted water deficit 

(DEr\NN) and observed water deficit (DEF) shows similar trend for all the weeks for different 

stations. Highly significant values of correlation coefficient of the regression analysis for 
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different stations indicated that the nehvork has accurately estimated the water deficit and the 

provided 7-4-1 architecture is adequate for the network. The trained network, validated for the 

Vl:ar l003 sho\\"n that the ANN has predicted water deficit reasonably accurate for all the 

stations. 

Stochastic models for the selected stations were developed for weekly water deficit 

seri(!s by using data set vary from 20 to 28 years. Tuming point test and Kendall's rank 

correlation test indicated that the annual time series of tile water deficit was trend free. One of 

two, tlm~c or four harmonics were found to be significant in weekly water deficit series for 

dift~n;nt stations. Periodic component was modeled by Fourier series. The developed 

autor~gressi\(;: stochastic models for weekly water deficit are expressed as under: 

Kothara 
(DEF)w :::: 31.12 - 2.85Cos (2nt/p) + 11. 64Sin (2m/p) - 5.08 Cos (4m/p) 

+ 7.62Sin (4m/p) + 0.77Co$ (6m/p) + 2.59Sin (6ntlp) 
+ 0.646St_1 +0. 1965t_2 +at 

Radhanpur 

Rajkot 

Amreli 

(DEF)w = 32.73 - 5.60Cos (2m/p) + l3.93Sin (2m/p) - 4.48Cos (4nt/p) 
-10.38Sin (4m/p) - 0.07Cos (6mlp) + 4.58Sin (6rrt/p) 
+ 0.652S t _1 +0.200SI,2 +at 

(DEF)w = 30.71 - 2.49Cos (2m/p) + 19.22Sin (2rrtlp) - 4.59Cos (4nt/p) 
-11.99Sin (4m/p) + 2.06Cos (6rrt/p) + 4.05Sin (6rrt1p) 
- 2.51 Cos (8m/p) + 1.67Sin (8rrt/p) +0.605SI_1 +0.256St_2 +at 

(DEFhv = 28.74 - 0.50Cos (2m/p) + 17.73Sin (2m/p) - 5.75Cos (4m/p) 
-1O.26Sin(4nt/p) + 1.97Cos(6rrt/p) + 2.0SSin(6m/p)-2.S4Cos(8nt/p) 
+0.22Sin(Sm/p) +0.691S t_1+O.172S1,2 +O.008S1,3+at 

SK Nagar 
(DEF)w = 26.23 - 6.4Cos(2nt/p) + 14.23Sin(2rrt/p) - 3.63Cos(4m/p) 

-9.54Sin(4rrt1p) - O.28Cos(6nt/p) + 4. 52Sin(6nt1p) + l.lCos(SntJp) 
-1.49Sin(87rt/p) +O.643St,1+0.197St_2 +at 

Khcdbrahma 
(DEF)w::;;; 20.19. 2.95Cos(2m/p) + 14.89Sin(2m/p) - 3.85Cos(4m/p) 

- 9,45Sin(4m/p) + 1.12Cos(6rrtJp) + 4.41Sin(61ct/p) -1.45Cos(8nt/p) 
- 1.76Sin(8m/p) +0.726S1_1+O.143St_2 +al 

Amej 
(DEF)w::;;; 26.28 - 2. 78Cos(2m/p) + 19.79Sin(2m/p) - 4,42Cos(4rrt/p) 

-1 1. 15Sin(4m/p) + 1.68Cos(6m/p) +3.55Sin(6nt/p) -2.04Cos(8ntJp) 
- 1.31Sin(8mlp) +0.656SI_1 +0.223St_2 +al 

Dhandhuka 
(DEF)w = 26.47.- 2.57Cos(2n:t/p) + 17.95Sin(brt/p) -S.04Cos(4nt/p) 

-9.79Sm(4m/p) + 1. 70Cos(6m/p) +2,65Sin(6rrtJp) 
+0.608St,I+0.246St_2+at 
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Junagadh 
(DEF)w;;:: 24.78 - 1. 88Cos(1nt/p)+ 18. 95Sin(21rt1p) -S.46Cos(4m/p) 

- 9.80Sin(4rct/p) + 1. 93Cos(6rct/p) + 1.23Sin(61rt1p) -2.35Cos(8rct1p) 
-0.52Sin(8rct/p) +0.70 I St_I+O.20St_2+at 

Malluva 
(DEF)w == 24.89 + 1.92Cos(2m/p) + 14.97Sin(2m/p) -3.12Cos(4m/p) 

-7.53Sin(4m/p) + 0.583St_I+0.187St_2+at 

Anand 
(OEF)\\, = 20.66 - 2.27Cos(2rrt/p) + 15.73Sin(2m/p) - 4.13Cos(4m/p) 

- 9.12Sin( 47tt/p) +0.98Cos(6m/p) +3 .39Sin(6m/p) -1.34Cos(Srrt/p) 
-1.14Sin(8TCt/p) + 0.6 1 7S t_1+O.253S t_::!+at 

Nawagam 
(OEFhv = 23.27 - 2.91Cos(2rrt/p)+ 17.36Sin(2m/p)-3.23Cos(4m/p) 

-1 0.65Sin( 4m/p) + 1.36Cos( 6m/p )+4.40Sin(67rt/p )-1. 03Cos(8m/p) 
- 1.47Sin(Sm/p) +0.690S t_,+0.180S t_2+at 

Bharuch 

Surat 

Navsari 

(OEF)w = 21.71 - O.765Cos(27tt/p)+18.02Sin(2m/p)-4.93Cos(41rt1p) 
-9.07Sin( 4m/p) + 2.09Cos(6TCt/p )+2. 79Sin(67rt/p )-2.31 Cos(8m/p) 
-OAOSin(8rctlp) +0.70IS t_1+O.175St_2+at 

(OEF)w = 20.50 + l.03Cos(2m:/p)+ 17.l4Sin(2TCt/p)-4.656Cos(4TCt/p) 
-7.69Sin(4m/p) +2.16Cos(6m/p)+2.12Sin(6m/p)-2.15Cos(8m/p) 
-O.67Sin(8rrt/p) +0.769St_I+O.127S t_2+at 

(OEF}w = 19.73 + 2.39Cos(2m:/p)+ 17.42Sin(2rct/p)-4.75Cos(4m/p) 
-7.84Sin(4rrt/p) + 2.29Cos(6m/p)+ 1.61Sin(6nt1p)-2.64Cos(81rt/p) 
-O.09Sin(8rrt/p) + O.791S t_1+O.1 13St_l +at 

Gandevi 
(DEF)w = 16.74 + 0.499Cos(2m/p)+16.244Sin(2rct/p)-3.873Cos(4rct/p) 

-7.464Sin(4TC1:/p) +2. 07Cos(6rct/p)+ 1.70Sin(6rrt/p)-2.557Cos(81rt/p) 
-O.135Sin(8TC1:/p)+ 0.782S t_1+O.l23S t_z+at 

Highly significant values of correlation coefficient between observed and predicted 

weekly water deficit series (0.9794 to 0.9981) for two years ahead (2002 and 2003) indicated 

the adequacy of developed stochastic models for different agro-climatic zones. 

Spatial and temporal variability of water deficit (drought pattern) during 1987, the 

severe most drought year, was studied using geostatistical modelling technique. Fortnightly 

water deficits of 17 meteorological stations that represent as point samples were interpolated 

applying kriging technique to generate estimates for non-sampled points. Applying 

variogram_ the spatial structure of fortnightly water deficits were analysed and then modified 

for use in kriging to produce point-kriging estimates. ll1ese estimates have been used to 

produce water deficit maps for different fortnights over Gujarat to study spatial and temporal 
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variability of drought. The results indicated that the occurrence and spread of drought has a 

general tendency to originate in the water deficit region, spreads in different directions of 

similar deficient regions and then dissipates. 

Results of crop planning study indicated that at 70 per cent probable rainfall, longest 

length of growing season of 15 weeks was observed at Navsari and Gandevi, followed by 

Sumt, Bhamch, Anand and Junagadh (14 weeks, each): Nawagam, Arnej, SK Nagar and 

/\.mrdi (13 weeks, I.!ach), Dhandhuka and Khedbrahma (12 weeks, each) and for Rajkot 11 

w..:cks. respl.!ctiYcly The lowest yalue of 10 and 9 weeks were observed for Radhanpur and 

Kothara, rcspectively. The len!;,Yfh of growing season showed an increasing trend with increase 

in annual rainfall at the selected stations. 

Mono-cropping as well as double cropping system was found to be suitable in the 

different agro-climatic zones of Gujarat, mainly due to large variability in soils and climate. 

Selectt.:d short duration crops like pearl millet. pulses. ground nut, sorghum or fodder can 

successfully be grown in different zones. The long duration kharif crops such as castor, 

cotton, paddy and pigeon pea, etc. experience intermittent water stress for short duration 

during grand growth period, which can be avoided by making arrangement for supplementary 

or protective irrigation by harvesting of surplus water. 

Following conclusions are drawn from the results of this study: 

(i) AnnuaL seasonal and weekly rainfall analysis of sixteen stations representing 

different agro-climatic zones indicated that the mean values of rainfall at Kothara 

and Radhanpur arc lowest with higher values of coefficient of variation, which 

highlights the extremely erratic rainfall distribution making it a scarcity zone 

compared to others. 

(ii) Effective monsoon onsets in 25th to 28 th smw and terminates in 36th to 40th smw in 

different agro-climatic zones. 

(iii) Dry spell analysis indicated that mid season droughts are likely to occur with 26 

to 50 per cent probability at Junagadh, Anand, Nawagam, Bhamch, Surat and 

Navsari; with 51 to 75 per cent probability at Rajkot, Amreli, SK Nagar, 

Khedbrahma, Amej, Dhandhuka and Mahuva, and < 25 per cent probability at 

Gandevi. Kothara and Radhanpur experienced mid season droughts on regular 

basis \\'ith high probability. The possibilities of late season droughts during 

maturity period are high (> 50%) at all the stations except Gandevi, ,,,,here it is 25 

percent. 

(iv) Comparison of seasonal rainfall with seasonal refen.mce evapotranspiration (ETo) 

indicated that normal evaporative demand of crops grown in rainy season is 

fulfilled at all the stations except Kothara, Radhanpur, Rajkot, Amreli, SK Nagar, 

Amej, Dhandhuka and Mahuva. 
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(v) Under normal condition, moisture status at all the stations situated in half of the 

eastern part of the state (Khedbrahma, Anand, Na\vagam, Bharuch, Surat, Navsari 

and Gandevi) is sufficient for satisfactory gro\\<th of rainfed crops, whereas, all 

the stations located in the other half (western part, includes SK Nagar, Arnej, 

Dhandhuka, Mahuva, Junagadh, Radhanpur and Kothara) experienced moisture 

deficit during the crop growth period. However, the distribution of weekly 

rainfall. which is highly erratic and uncertain, results in moisture stress of various 

categories in different agro~climatic zones, producing intermittent droughty 

conditions, 

(vi) Climatic shift study rcn:all.!cI that Kothara and Radhanpur (North~west Gujarat) 

wcr..: found to be pn;dominantly in arid climate, Bharuch, Surat. Nuvsari and 

Gandcvi (South Gujarat) in humid (dry sub-humid to humid) climate and rest of 

the stations in semi-arid climatic condition, 

(vii) Surplus \\atcl" availability in different agro~clil11atic zones clearly indicated that 

there arc chances of getting excess water in rainy season in all the zones, w-hich 

can be effectively harvested and used in water deficit periods. 

(viii) Drought evaluation study indicated a frequency of aile drought year in every two 

to three years. Droughts are common 110t only in arid and semi-arid climate but 

equally occur in dry sub-humid climate also. Drought analysis also indicated that 

diffen:nt category droughts of varying durations prevail simultaneollsly III 

diffcr..:nt agro-climutic zones, 

(ix) Frequency analysis of weddy maXll11Ul11 water deficit during crop growmg 

season inferred that log Pearson type-Ill probability distribution is the best at all 

the stations except Dhandhuka, Junagadh, Mahuva, Nawagam and Surat. where 

Weibull (maxima) distribution and at Kothara Gumbel distribution fitted best. 

(x) Artificial Neural Networks Llsed for estimation of vvcekly water deficits are found 

to be accurate as seen from the highly sigllificant values of correlation coefficient 

between observed and generated, and observed and predicted water deficit for 

different stations. 

(xi) Developed autoregressive stochastic models are found to be adequate for 

forecasting the \veekly water deficit as seen from the highly significant values of 

correlation coefficient between observed and generated and observed and 

predicted water deficit series. 

(xii) Spatial and temporal variability of water deficit during the drought year (1987), 

using gcostatistical modelling technique, indicated that the occurrence and spread 

of drought has a tendency to originate in the water deficit region, spreads in 

different directions of similar deficient regions and then dissipates. 
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(xiii) Mono-cropping as well as double cropping systems are possible in all the agro­

climatic zones of Gu_iarat except hot arid and part of semi~arid areas. Short 

duration rainted kharif crops can be successfully grO\vn in all the agro-climatic 

zones. Long duration kharif crops experience intermittent water stress for short 

period during their critical growth stages. However, sustainable production can be 

maintainl!d by providing protective irrigation through harvesting of surplus water 

during rainy period. 
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ABSTRACT 

Modelling of drought is one of the most important aspects in the rainfed fanning. The 

present study was undertaken to model drought in different agro-climatic zones ofGujarat. by 

analysing rainfall and estimating dry spells and water deficits, determining suitable frequency 

distributions for extreme weekly water deficit, developing and validating appropriate artificial 

ncural nctw'Ofks and stochastic models, studying drought spread using gcostatistical 

moddling and suggesting suitable crop planning. Weekly meteorological data for 22 to 30 

y'cars (llpto 2(03) and soil data for sixteen stations (representing eight agro-climatic zones), 

nam..:!y Kothara, Radhanpur. Rajkot. Amreli, SK Nagar, Khedbrahma, Arnej, Dhandlmka, 

Jllllagadh, Mahuva, Anand, Nawagam, Bharuch, Surat, Navsari and Gandevi were collected. 

Meteorological and soil data for Dahod were also included for geostatistical analysis. 

Weekly rainfall data were analysed for onset and withdrawal of rainy season and 

determination of dry spells. Results of rainfall analysis of different agro-climatic zones 

indicated that average annual rainfall varied from 368.74 rom at Radhanpur to 1580.53 mm at 

Gandevi with coeftkient of variation of 54.94 and 32.25 per cent, respectively. Mean 

seasonal rainfall received froIll June to September ranged between 337.68 mm at Kothara to 

1541.3 3 mill at Gandevi. Maximum and minimum mean 'vveekly rainfall during monsoon 

season ranged from 46.91 to 197.55 mm and 2.10 mm to 42.48 rom, respectively in different 

agro-climatic zones. Annual, seasonal and weekly rainfall analysis of different agro-c1imatic 

20nes indicated tlmt the coefficient of variation at Kothara is highest, signifying extremely 

~rratic rainfall distribution compared to other stations. Effective monsoon onsets from 25
th 

to 

28th week and terminates from 36th to 40th week in different agro-climatic zones of the state. 

Dry spell analysis indicated that mid season droughts are likely to occur with 26 to 50 per 

cent probability at Junagadh, Anand, Nawagam, Bharuch, Surat and Navsari; with 51 to 75 

per cent probability at Rajkot, Amreli. SK Nagar, Khedbrahma, Amcj, Dhandhuka and 

Mahuva, and < 25 per cent probability at Gande,'i, Kothara and Radhanpur experienced mid 

season droughts on regular basis with high probability. The possibilities of late season 

droughts during maturity period arc high (> 50'Yu probability) at all the stations except 

Gandevi « 25 % probability). 

Under normal condition, moisture status at all the stations situated in half of the 

castem part of the state is sufficient for satisfactory growth of minfed crops, \vhereas, all the 

stations located in the other half (wcstem part) experienced moisture deficit during the crop 

growth period. Drought evaluation study indicated a frequency of one drought year ill every 

two to three years. The analysis also indicated that drought does not occur simultaneously in 

all the agro-climatic zones b~lt llsually occur sporadically allover the state. Ho'Vyever, during 



some years, all the zones experienced droughts of varying intensity. The results indicated that 

droughts are common not only in arid and semi-arid climate but equally occur even with 

higher frequency in dry sub-humid climate also. 

\Veekly reference evapotranspiration and ,vater balance components were also 

determined. Frequency analysis of weekly maximum water deficit during crop growing 

seasun indicated that Gumbel distribution fittt:d best at Kothara: Weibull (maxima) 

distribution at Dhandhuka, Junagadh. Mahuva. Nawagam and Surat and log Pearson type-III 

is the best probability distribution at rest of the stations. 

The artificial neural network (ANN) generated water deficit and observed water 

deficit han: indicated ~il11ilar trend for all the w'eeks for different stations. Highly significant 

values of correlation coefficient of the regression analysis for different stations indicated that 

the network has accurately estimated the water deficit and the provided 7-4-1 architecture is 

adequate for the net\vork. The trained network model during validation has predicted water 

deficit reasonably accurate for all the stations. 

Developed stochastic models were found to be adequate for forecasting the weekly 

water deficit for two years ahead (2002 and 2003) as seen from the highly significant values 

of correlation coefficient between observed and predicted series. Spatial and temporal 

variability of water de tic it during 1987 drought year using geostatistical modelling technique 

indicated that the occurrence and spread of drought has a tendency to originate in the water 

deficit region, spn::ads in the direction of similar deficient regions and then dissipates. 

Mono-cropping as well as double cropping systems are possible in all the agro­

climatic zones of Gujarat (except hot arid and part of semi-arid areas), mainly due to presence 

of heavy soils. Short duration rainfed kharif crops can be successfully grown in different 

zones. Long duration kharif crops experience water stress for short period during their critical 

growth stages. However, sustainable production can be maintained by providing protective 

irrigation through harvesting of surplus water during rainy season. 
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\9'nm it ~ % I "ffmRi, crm ~ "# ~ 31 ffi RCfC1 IJfC1" "* '&rc1' ~ m mf(ffi 

13 ~ 1 iF! '!>IllQ fcnm 'IJ1T 'fI"Cj?'ill t 1 
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Appendix A: Standard meteorological weeks 

r--vv k ' . 
i ee~ Dates Week No. Dates 
\ No. --- '--'--,--

1 ____ 1 _ , January 1~7 27 July 2-8 

8-14 9~lS I 2 t " 28 "' 
!-------~ ~- . ~,------

15-21 29 16-22 \ 3 I .. " 
[~·"--4--I--·, --- _. 22-28 30 ." 23-29 

~-4. " 
29- Feb. 4 31 ~~ 30- Aug. 5 

I 6 I Febmary 5-11 32 August 6-12 

1---7--'--T 
12-18 33 '. 13~19 

I-~---)_ -
I 8 '. 

19-25 34 20-26 
1---- ~" 

9 ., 26- Mar. 4 35 
" 

27- Sept. 2 

10 March 5-11 36 Sept~mber 3-9 

11 
" 

12-18 37 
" 

10-16 
1---' 

12 :', 19-25 38 
~ , 17-23 

13 
" 

26- Apr. 1 39 ,. 24-30 

14 April 2-8 40 October 1-7 

15 
~ :' 9-15 41 

" 8-14 

16 
" 

16-22 42 
" 15-21 

17 ,. 23-29 43 
" 22-28 

18 
" 

30- May 6 44 
" 

29 Nov. 4 

19 May 7-13 45 November 5-11 

20 
" 

14-20 46 
" 12-18 

21 
" 

21-27 47 
" 19-25 

22 
~ !I 28- JunJ 48 ,,. 26- Dec. 2 

23 1une 4-10 49 December 3-9 

24 
" 

11-17 50 
" 10-16 

25 
" 

18-24 51 
" 17-23 

26 
" 

25- Jul.l 52 
" 24-31 
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Appendix B 1: Weekly mean rainfall and coefficient of variation at the selected stations 

i---'-~----K;)tha-r-a--- -. _ _:R:_:a:::(::_:lh:;:' a;.::nJ:.I;:::..ur:.__-~~:~~~~.:..R-=-a!!..:.J-· Jr:{-o;;t~~~~~~~~~~_A-;-_m-,-J_'--:C_I::-i~~~-='-j 
I Week [ Rainf'~~1 C~-:-o;., Rainfall, I cv, (Yo Rainfall, CV. % Rainfall, CY, % 
j =Rmm: mOl mm mm r-T - 1),611 48lU7 [U)O n.no 0.35 35337 0.15 547.72 r ") . 0.1)0 i (1,00 (J,(ill (UIO n.2l 437,S~ n.3] 406.36 

, 3 I (II? I 3S5J6 ==(~).1~S=::::~==4~69~.=04=~=::::=O=,(=J(l::::::::~::::::::I=j.:or~1 ::::~::::::::=.n~.2~9::::::::~::::~39~8~.7~6::::~ 
r---:;-_-~~--~. :; __ ~-~4-, 7_. ~ ~_f-r-_. __:._O~. tJ:..,__II_-+_-;-O-:;-,'-:-( H.,-:l -+_-:-:0'-:, ()-:-:()_+-_:-:(~I.f:-;:Jr;;;-j --t-----::-O·...".(l70 --t--...".(-,-).(::c;)[:;--) ---j 

L _ ... ~_. 1..1, I r -,:-14, '_. () .112 _ . ...:4_6::_':;..} ...... 04:.........j. __ O:..:_:. 1:.-:-(J_-+-...... 5(...:1~-:c-:' 9-,-fl-+_-;;-U--::.()-;::-o _t----;I-;-U;-:;H}::----j 
i tr -r'--'()"(II: I [I.(HI (I.W) I n.no (1.00 (l.t)O n.()!) il.(Ja 
i--·-7·---·t-·~i·Til)l 11,(1l) ()_()O ().(jO (Ull 314.MI D.OO 0.00 
L ___ ~ _____ .. · -::-:--I--~'-:---I--::-~=---t---;::~-+---:::--~-j 

l __ -,U __ . i U~ __ r--i~::--)]::-,:,-1:..:..7_+_-;-(l',-:-O..:...1) -t--:;-;I 1";:-.o-:-:-o~I __ ~n.:..:,, O:_:.5_+-.::..:3X.::_:'6:,-,.8,.=2-+_""O',-;:-IH,..,..) _t---:-:f~). (~)0:--i 
L_2_._J. iUJiJ 0.011 D.5') 469.04 O.O(} (LOU 0.00 0.00 

I 1 (J I I), ()2 ._+-..:;_5~4 "'.::..:' . 7~2=-----ir-_':(':':':)' I::..::Jo:__-+------7n.~o(-=-) --11---....:.0:..:..:. (.:...:)8_+-...... 50,:..:9-,'-. 9:,-O_f_-::-f1-::;· 0-:-::-0 _+--;(-;--), O;:,;0::----i 
r 11 L 000 o.no (l.UO 0.00 (J,OO 0.00 0.00 0.00 

12 O.(lIl 0.00 (l,OO 469.04 0,00 (l,On 0.00 0.00 
)3 0.011 OJ)() (J.OO 0.00 0.00 n.Oo 1).00 (),(JD 

--~___:_'~--+-~~-+--~r-'_~~-+-~~-+-~~-r~~~ 
J·I (LO() (J on (l.on (l.()O 0,07 5()9,90 0.30 522.84 
15 O.lIl 547.72 n.57 -169.04 CU-I 317.25 run 547.72 
16 OliO (),flO n.ll 469.04 [UlU {WO 0.70 281.61 
17 (J no (Ion (UlI) (J,OO 0.01l (I.OIl n.ns 547.72 
18 1M 547.72 (l.ot) IJ.on (J,07 509.90 O.SO 444.56 
19 0.::13 547.72 5.2\1 396,6(l 1.43 468.83 oJ(J 547.72 
211 O.Ot) O.O(J CUll) fUlO (1,00 (J.OO 1,23 397.62 
21 7.S7 547.72 (l.OO 1l.{lO 0.97 357,15 1,()7 314.80 
22 0.93 416,33 2.:W 312.60 7.04 315.44 5.73 264,70 
23 1.57 391.57 0.48 442.02 3. 90 259.60 13.3D 246.99 
24 11).69 327.47 11.17 195,84 17.60 123.87 24.47 187.37 
25 lX.4& 285,91 1&.28 282,09 41.2S 155.85 45.85 199.19 
26 14.20 362.18 4.45 I X 1.38 43.46 155.74 39.15 207.41 
27 21.52 220.81 22.72 ]li7,07 33,51 103.18 32.84 148.98 
28 31.1') 193.28 38.70 231.07 49.48 ]57.87 46.91 133.81 
29 52.59 225.01 50.94 143.03 61.64 135.28 40.64 124,46 
30 32.44 182,64 38.23 163.46 43.31 107.89 41.17 149.36 
31 34.48 270.49 25.98 135,30 34.54 153.54 27.60 141.31 
32 34.49 260.33 20.17 172.77 60.09 248.83 29.20 162.27 
33 18.43 169.03 13.98 147.69 21.79 144.49 25.96 145.29 
34 9.24 242,56 38.49 232.78 22.88 143.24 23.46 127.72 
35 14,66 239.59 19.57 237.54 20.04 171.07 38.82 121.17 
36 1 'J.83 304.59 6.15 311.01 9.91 227.48 16,69 239.47 
37 13.31 256.87 19.54 278.87 24.7D 279.53 22.54 156.45 
38 2.10 334.00 7.()() 310.68 16.33 166.20 20.65 171.16 
:w 3.04 231.64 4.2tl 190.40 17.35 153.66 2938 152.62 
40 5.37 537.26 1.92 297.5U 8.72 223.36 12.60 143.97 
41 3.47 381.77 2.49 432.87 4.12 246.70 4,77 250.35 
42 2.71 300.31 ':),82 436.13 6.15 435.26 2.83 299.42 
43 7.63 525,89 (l.06 469.04 1.42 309,68 2.68 399.39 
44 5.17 547.72 0.00 0.00 2AO 368.65 2.42 528.52 
45 7.07 537,}3 4.85 469,(l4 4.56 509,90 13.41 517.18 
46 2.03 451.20 0.18 469.04 1.17 482.74 4,81 349.82 
47 0,00 0.00 0,00 (l.00 3.59 429.84 2.16 383.66 
48 0.00 0.00 0.00 0.00 0.13 509.90 3.00 463.86 
49 0.00 0.00 0.00 0.00 0.10 509.90 0.00 0.00 
50 0.00 0.00 0.38 424.60 0.18 509.90 0.08 547.72 
51 0.00 0.00 0,00 0.00 0.14 509.90 0.03 547,72 
52 0.07 547.72 0.00 0.00 0.00 0.00 0.00 0.00 
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Appendix B 2: Weekly mean rainfall and coefficient of variation at the selected stations 

~ I S.KNagar 
I Khcdbrahma Arne,j Dhandhuka 

I Rainfall, Rainfall. Rainfall, Week Rainfall, I cv ''ll CV.%. CV.o/i) CV,% i i. () t mm . mm--+ mm mm 
~ t'-i--~ O.flO lUI 5f1Y:.lO () .liO 0.000 0.00 0.00 

~l~!U8 _ )2.~.::D n.n5 353.27 1.23 37~ 165 0.80 317.76 

_.....:W 32.1 --'4'93.75' Ii o~ 5UY,YO 1 I, O() (J 00(1 [l_OO 0.00 

~'l j n.!/o fLOI)! 0, JII 5(J9:)O 1).011 flOOD f).no 0.00 

~=-T--"1--~11.7.l ~1,:;_6,) ~()Jix·· ~O!!.90 O. (10 f).oon (LOO n.Ol) 

L-~'..-;__-'!'l_._Il() I 0.00 lUll) O.Ot! f).OO O.f!OO f),(10 o.on 
l--~--L-.-.. -_!I-: 79 -I }til~!) LOS 451\36 fUll) o.oon n,11 469.04 
! S I (I \ H) I 11.I)i; 11.32 _j_ 2~14.13 0.110 O.()OO (J,I)O 0.00 
1-----. -----C;------,-,., _ n.n 4(il),(14 s'; 11.-" i ·,2,7, ___ 11.70 I 5(1)')0 1).llO () om) 

2=r ___ ~~~ -h (I.nl) (j.n!) D.II0 I). Oil O.oou 0,00 (J,o(i-

1_1 175 547.72 11.00 D.OO I)'{I() O.OOD O,(JO fl.OO 

12! {I,()j 547,72 0,19 50,),90 IUO 46'),042 {I,OO 0,00 

13 O.UO 0.00 n.on n.oo (U)3 409.042 (),32 46l),n4 
14 \},23 547.72 D.OO 0.00 1,48 327.0fi5 0.45 469,{)4 
15 (1.00 O.no 0.28 509.90 0.32 4fi9.042 1.18 359.tiO 
16 0.58 314.51 l.S6 509.')0 O,7() 462.700 O.h9 469.04 
17 2.53 38().56 1).92 509.90 (J.S5 458.585 2.19 250.82 
IS 0.5'.1 339.22 \. HR 249.51 2.29 333.025 1.50 400.72 
19 5.08 376.33 1.23 276.07 n.7S 469.042 5,06 384.51 
20 1,53 547.72 IU)U (J,Uil I).XU 289.862 (),()O (l.OO 
21 1.3D 2h8.54 I). 7() 403.47 5. l)!) 380.577 l.R2 3.82.42 
22 Vi8 255,27 3.63 293.59 5.17 337.358 J 1.38 311.23 
23 6.19 278,17 .. U2 197,47 7.18 237.468 \6.92 164.33 
24 14_01 180.S3 19,27 118,94 17.25 150.183 14.67 176.65 
25 16.25 219,80 22.56 169.60 65.37 J2l).OO4 46.22 139.28 
26 35.12 23U.22 48.75 184.15 31.55 134.018 51.66 131.03 
27 29.64 221,89 55.47 127,69 39.05 125.219 34,05 126,22 
2)! 7137 159.89 59.93 ](lO,73 47.79 132.297 39.21 135.91 
2l) 49.52 J 11.53 58,65 116.73 56.62 128.369 27.28 125.56 
30 6un 160.88 ()6.08 85.32 4!l,81 122.994 4R.OO 124.24 
31 44.42 142,72 89,58 107_50 58.52 1 J 8.233 36.60 119.58 
32 43.16 140.30 42,73 115.63 35,36 116,026 32.99 128.57 
33 44,29 144,45 46,42 154,70 29,08 144.225 21.07 168,84 
34 34,05 242.84 42,63 125.09 40,67 155.309 33,64 126.55 
35 29.64 132.85 38.72 157,32 26.45 119.319 22.21 122,61 
36 36.90 302.57 31.61 254,0] 36.81 178.475 26.49 191,87 
37 18.60 177.24 17.28 223.68 17.19 144.470 13.77 148,66 
38 16.42 261.25 12.07 268,22 12.26 151.920 25.05 211.58 
39 5.75 201.18 21.97 159.71 13.11 134.321 11.91 207.57 
40 11.34 353.34 6.10 224.l)O 9,26 280.739 2UI) 389.48 
41 2.21 352.4() 2.82 233,53 11.50 325.4.H 19.12 315,93 
42 8.37 422.69 0.38 459.70 3.33 343.21 H 4.58 299.93 
43 3.83 395.51 3.79 312.89 2,45 343.717 2,05 427.40 
44 1.72 547,72 0.00 D.OD n.oo 0.000 (l,OO 0.1.)0 
45 3.93 377,14 2.58 497.41 4.73 469.042 7.27 469.04 
46 5.84 291,73 2.12 332.23 \l.Ot) {l.OOO 0.00 a,an 
47 3.11 467,96 1.48 403.90 O. J2 469M2 0.00 f),OO 
48 O.OJ 547.72 0.12 509.90 0.38 469.G42 1.41 469,04 
49 0.15 547.72 0.35 509.90 (US 469.042 0,00 0,00 
50 0.70 484.39 1.10 384.76 0.00 0.000 0,00 o,on 
51 0.83 547.72 1),90 509.90 (l,OO 0.000 Q,OO 0,00 
52 0.14 473,28 0,20 509.90 0.00 0.000 I),no 0,00 
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Appendix B 3: Weekly mean rainfall and coefficient of variation at the selected stations 

Junagadb Anand Nawagam 
Week Rainfall, Rainfall, 

~% ~% ~% ~% 
mm -+ __ ':7"m-:-m~~r--~~ __ +-~m~m~~~~~~~m~m~ __ ~~~ 

Rainfall, Rainfall. 

L 2 I fJ I 337.2 5 t __ O-:,,-4:-::3:---/--,:3~98=-" -:7:3 S:--t __ _:_:I.~fJ:9:_ _1-_::,.,3 7:-::9~. 7~2-+_--:(J:-,:.4:-:7_-t-::-41~():-:. 8:-;;1--j 
I~=~I.-=. ~ __ :!_jZ___ 41 (d3 1\.4 7_-/-...::3~27:.,:.' :-\:,:.:(:.....) _+----,i.,:.:U:,-::8:..._-+-_;4-":,S(-:-:l-;:-9 :,-' _1-_-;::-0.-:::-27

5 --t-:
3
3;-:;;75;:;-3 '-;:;:U"3 I 

1 n.()() 11.110 I) on !U)O 0.03 547.72 1).16 509.90 

I 4 i II(IIi lUlU fJ.O(l () on lUll) {J.OD (US 3.9_ r- 5 ---i--ii];r;-- r-S47.72 0,00 (} (II) n.oo \l.on 0.35 5(1).90 
C=:t:;--T-(T(JT--r''='5_:'_-1'''~' ,...,;.::, 2~--~O::':'. n_:'_o --I-_:(:_!(::":J(:_' --l-"':::'o:'::. 2':':"1 --I--:-51.:.:..J4,::..:.6'-::3----l--:0=:.:c.(::,:JO:----+-;-5(~)9,,-, y::-;70:-i 
I 7 I 125 5 Hl.71 () on --+-':-'o.-OCO!:':-) -f----:n:"'.1=-:::9-+---':4':7"lJI::-.47:7:.--f-----;:;-n.::-3l:7'j -T-:;3:;:;7-;;-8,:::I)O~-j 

f=--~~--i-- IJ.! S 5-17.72 f).(ln (lOll n.9(1 474.28 0.00 (I.on 
I) \l on (I.(i() ()\J6 46Y.(]4 0.04 547.72 (l.on 0.00 

- jO i IUI(i !I.liD (Ul() onn fUJI) 442.15 015 50(j,90 IT- I 0.::0 5'-:C.r=-, . ...,:::,2:--+--:-:1)-:::.0':7"0-+---:0::-(;:-:;)[-:"-) ---t--;;o":::.n'7-1--t--:-54:-::7;-;:.7:;-;;:2--t---;(::-:J.(:7::JO:---r--(Al.-;:;:OI:7') ---j 

12 i 1).00 O.U(J r--' 0,(11) (J.()!) lUI 4SII.50 () 19 50Y.YO 
---'-l-'-~ -+ lUll) 0.1)(1 0.(1(1 OJ)(:-:-) -lr----::O--::.O:7:'IJ--t--(:-:-1.';7.017"J --r----;-1.0;:;-;5;----r-;:5-;:;:Ol:7'9,~Y(;-)' 
r- . ,~~--r~~--+-~c~~I--~~_+--~~~~~~ 

14 IUI3 547.72 0.00 (l.O" 0.36 547.72 0.50 50\1,90 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 

29 
30 
31 
32 

34 
35 
36 
37 
38 
39 
4() 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

[),61 547,72 n.oo 0,00 (),27 547.72 0.43 456,36 
().Of) (J,aa a.oo a.oo 0.53 365.92 0.11 386.82 
0,22 491.86 a,oo 0.00 0,37 332.77 1,20 329.50 
0,00 (),OO 0.05 469JJ4 n.23 523.28 0.87 415,{l2 
n,on ()'OU 0,60 469,04 l.7S 52l.7S 0.88 426.97 
1.18 539.HO 0.68 469.04 2.19 547.72 1.18 353.30 
0.47 363.54 IWD O.OIl 1.80 399.67 0.80 419.52 
3.38 284.42 7.33 398.36 6,15 356.14 5.26 309.41 
I2.:-l9 215.50 4.67 259.811 1904 37537 7.30 nU8 
4 7. '3::':2:-+-'::-H7:i(~J. (j--::5'--I----:2:-::():-:. 3'-;;1-t---'7'14:-:::2-'-:,3CC'9 -+-:-:15':":. 6:-::5-+-':'-c15~()--=J:-::7-+--=2':"::O .""20::----+-':-'14::"'0"-:,8:::7:-1 

10233 253.(11') 35,90 157.82 38.24 148.61 39.44 177.42 
04.42 203.68 18.78 183,65 59.73 139.61 44,65 134,62 
63.1l2 151.49 27.70 117.51 40.93 117.73 4S.14 105,81 
82)l2 125.42 40.79 158.39 MUO 116.72 74.13 172.51 
98,75 132.82 57.86 169,88 64.23 ]05.41 75.18 114.75 
57,':)6 125.92 46.00 137.54 12.S0 11l2JiO 69.42 109.35 
52.17 149.37 49,80 142.86 04.97 106.26 83.93 112.02 
60.34 155.18 26,56 86.11 71.71 114.42 43,02 113.73 
47,18 17(I.{16 19.50 140.09 51.74 117.80 57.23 122.86 
20,29 105.18 36.04 138.68 64.48 139.66 58.44 150.23 
28,71 130,75 28,92 146.54 44.66 151.22 42.10 159.73 
26,00 157.82 39,29 114,38 41.11 151.66 46.06 234.54 
24,59 199.48 14.18 162.47 22.55 173.93 21.13 181.82 
25,33 176.31 25,80 181.27 17.30 187.86 13.85 219.66 
19,69 119.58 33.22 201.80 12.30 198'()6 14.77 207.44 
16.70 192.UO 6.16 170.39 3.63 316.94 7.86 351.39 
7.15 242.50 5,10 315.56 9.68 389.11 4.li8 294.93 
6,08 284.49 6.11 245, Hi 4.72 277.65 4.09 402.11 
6.34 303.(11 8JI 241.81 3.57 344.92 1.98 447.t'il 
2,76 481.12 8.58 434.70 3.27 511.114 3.n] 509.90 
4.22 394.28 3.51 273.46 2.39 448.79 4.00 509.YO 
1.17 380.89 0.12 469.04 3.81 416.88 7.20 341.11 
3.46 363.93 1.52 446.07 7,97 367.31 1.38 344.45 
(LOO a,oo 0.00 0.00 1.99 426.74 1.83 392.78 
Q,OO (LOO (lOa 0.00 0.58 501.36 0.66 50l).90 
0.01 547.72 0.00 (J.OO 0.28 547.72 0.61 5(}9.90 
0.14 547.72 0.00 0.00 0.55 547.72 0.00 D.OO 
0,38 499.93 0.00 0.00 0.14 547,72 0.00 0.00 
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Appendix B 4: Weekly mean rainfall and coefficient of variation at the selected stations 

r-
\ Week 

Bba11lch Surat Navsari Gllnde"i 

Rainfall, CV, % Rainfall, CV, % Rainfall, CV. % Rainfall, CV, O/., 
mm mOl mm mm 

f-'-I-- 0.44 547.72 O.no 0.00 0,41 447.98 0.40 358.57 

r--~ 1.20 340.64 (J.n 412.60 1.56 342.04 0.66 469.04 
_1__ (1.23 384.70 0.27 547.70 2.:15 504.65 0.24 371.72 
~.:L __ J._. () (10 i (UJI) rJ.(m (l.OU 0.35 521135 D.no a.oo 

5 : Ij.no ! \l.U\) (1.0(1 (I.OIl ().(10 0.00 n.nn 0.00 

L_. f:;~=I~~.L~~_}~:. ___ 0_:_· 0_7_+--_..::,.54-'-'7...:.... 7_(l_.f--_I1.:..".O..".7_t-_)c-:' 47.71 0.(1) ~.~~;~ 

~ -.~ .--.~.~i.~;t I ~~t~~'l {: ;:~ "-I--:~""~~=-:':~=~::-~ -t--~)~::~-:-J~'- -4r--i_:_~.:..:f:..:.:~~::_.) -+--f-::;-.;;-i -+----::-~;-:~~-;;---I 
f--.--.-f-----:;--r-::;-~---'-----+---=-..:...:..;-:.------+-:..:..::..:--I---"-~'---I---:--.,.--+--:::-:;:-:---I 
~ I \I l!.. I ~477_ j (I.OIl IUI(J !l.(JO n.oo nIH) o.no 
-__!_1_L 11.05 I 547.72. flJ3 5·17.70 11.00 tUI() 0 II 469.04 

12 (l.un I \) (II) ! (JU(I n.OlJ O. L5 547.72 0.52 335.77 
_. 13 li.(J() I) no i OJJ(I lUlU (J.l)6 547.72 0.00 O.IH) 

[.j 0.25 547.72 I D.IIII 11.1J1l OJ),I 547.72 O.ffl ..J69".1l4 
15 f). Ii II I) o() (i (If I 11.00 0.00 0.01] n.O() O.O() 
If I (H)} 547.72 () IHI () ntl ()o1 547.72 O.OIl 469.()4 
17 IU)S S·Hn n.IH) D.on (l.tIO (J.on O.DO 0.00 

IH U.06 547.72 D.OO 1).011 0.37 547.72 n.35 469.04 
19 1.03 547.72 1.55 411.40 0.38 443.66 0.45 469.04 
20 1.44 547.72 n.13 547.70 O.()3 547.72 2.05 469.04 
2] 0.07 547.72 2.59 547.70 0.82 536.37 0.13 337.89 
22 7.43 304.10 6.78 319.20 9.22 271.29 5.27 348.17 
23 29.(H 367.23 43.42 410.20 17.48 258.88 8.41 250.14 
24 30.83 132.43 46.48 lRS.20 71.48 172.16 76.75 153.31 
25 44.56 169.03 130.51 141.10 121.85 133.28 127.80 142.33 
2(1 89.19 142 SO SrJ.17 132.80 94.04 J 13.57 98.31 136.30 
27 45J6 1113') 90.67 llOJO 121.03 11S.90 123.23 l2S.IO 
2X 6S.53 109.16 !O8.19 97.40 110.17 109.61 143.31 113.39 
29 90.36 133.63 137.00 [17.30 150.00 92.71 197.55 76.34 
30 53.40 152.55 119.15 176.50 J28.07 12 J.ll 127.85 118.82 
3l 5l.\~5 156.81 70.68 142.70 94.42 129.87 107.18 121.85 
32 63.92 121.14 76.47 122.30 lO0.29 J 12.09 96.86 91.85 
3:; 45.81 123.45 42.65 107.90 61.61 127.IS 100.29 121.19 
34 51.92 111.04 41.15 [21.30 49.01 127.52 59.66 93.88 
35 41.33 122.37 38.52 123.10 64.88 125.56 65.33 124.71 
36 43.96 163.70 42.99 235.20 SIl.71 144.98 49.30 107.74 
37 36.10 175.80 24.70 173.00 39.62 137.99 55.56 108.90 
38 29.96 157.08 24.37 151.00 33.31 122.55 42.48 131.46 
39 33.30 193.27 26.96 205.30 38.84 168.76 51.92 155.72 
40 11.52 277.86 16.83 216.70 21.44 176.45 9.54 19lJ5 
41 5.79 259.41 11.79 244.20 18.IS 268.25 18.13 226.41 
42 1.46 289.21 4.79 301.60 7.62 278.01 1.97 237.52 
43 1.61 294.71 0.70 324.60 5.96 286.80 2.64 36G.70 
44 6.48 378.27 2.30 427.60 6.93 314.65 0.66 469.04 
45 0.82 547.72 1.36 363.80 2.76 395.57 2.39 434.80 
46 8.58 330.98 4.1ll 473.20 3.93 436.23 D.S4 469'()4 
47 4.67 359.20 3.77 3m.SO 3.99 309.61 148 469.04 
48 0.10 547.72 2.41 387.30 0.93 493.74 0.07 469.04 
49 1.81 486.95 O.()O (l.00 1.22 399.85 n.oo 0.00 
50 1l.30 547.72 a.oo n.oo 0.18 547.72 0.00 0.00 
51 O.S3 547.72 o.on 0.00 (J.50 547.72 D.OO D.DO 
52 n.20 547.72 0.00 0.00 n,B 547.72 0.32 469.04 
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Appendix C 1: Normal weekly water balance at Kothara (1974-03) 
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Appendix C 3: Normal weekly water balance at Rajkot (1978-03) 

---------, - -.----- -----.. -~------.---,----~-______r__-~-. ----- _,,- ._ . - ---_ .. 
_~ 2S _______ :l9.41L I 35.06 __ ?2c54 ~_! _.12.52 _L_JJ32 _ 30.60 ~ 69.40 __ 

29 61.64 i 30.79 24.99 ±5.80 I 16.62 t---- 16.12 83.88 
f __ _ltl____e.----43 .31 __ _lQ.~' 20.35 _ .. -10.15 -E1639-f-26.4S-t73.5G-·-

31 )<.54 29.89 20.26~63 10.09 25.96 74.05 
32 . 60.09 _:=27.96 20.42 _ 7.54 =t·· 40.72~· 22.03-.1 77.96 

__ 3L_ ~71.79 _ 28.06 ~])4 __ ___]})_2~ _2:.21L_L__24A:L .. _ _]_i,_§l__. 
__ ~34 ___ L 22.88 28.93 _~ .. __ fO,~ __ ~c@ I 4.76 _1 __ 24.96 ___ t--L'Ul'±_-
__ 3-=~ ____ ~ _20JM ____ _30,_48 __ L__l_2Al I J.L_9_fr __ j __ -=D~___ lL~___ 61L4i_ 

L ___ }§ ___ -+ _2·2J ____ ]]jl ___ I ___ l~07 ___ L_J2.45_L __ )_AL __ L 41.32 ___ + ___ 58.6~ 1··- __ 3] - -i -- H._7iL ___ ._.:1J .. 21 __ ~-. _2Q,M. --L- J]J_L .... L ___ 6_.96 - .... ~ ___ 1~~QJ ____ ~ ___ 0_.9? .--
~_lL. _.!.~]L _ _ 34.87_ -I- .!lL86_1··_I~.02 __ L_Q.<il _ __L __ <ll_.o.O_1 __ .?9.(JO_ .. 

__l2__ _J1J-,,~ __ )lJ~L .. ___ lJi,04 _1 ___ _lL!·8~ _____ I _____ (LQ_(_) __ l __ :lO.3_.P_._l_-,,~2.69 __ 

_ -1~::. t a~~ ~~~ l-tt~L I~llfs.:-t ~:~\=':±'3k~: --+_lm ~ 6.15 H.1I).. _ .lQJ.L -t---1111._1_J.2J_l. _66.9Ll . 3) .Ill _ 
___ 43_~ __ lAL _ ___]].06 __ I __jL-l]_--l-_-7].94_-+ _1!Jlli __ l_~_1!).65 __ +-_f9}_L_ 

r-- 44 ___ 2.40_ 32.02 _ _Ll]__ ____ 24Ji ___ f--J!JlQ__ .. ~j_- 75.7£_ _~,25 --1~ _ - ii~ - ;~~-f ~j} 4;I--I----::~-+--;~~~~-t__R;i~ 
-~----T.59- ~]8-r5.(liT -+--23]8---+'O.llt) --t- sO.8f- 19,12 
._-_---- ---'--_- --~--- ------_._--::-,,---- --.----j-------:~ ---.-.-

48 0.13 __ ~~l___ 3.64 ----.Mll.__ ll.OO _J_ 86.3~ __ 1122_. 
49 0.10 27.84 3.00 24.84 0.00 88.50 11.5Q_ 
50 0.18 26.95 2.70 24.25 0.00 89.87 10.13 -
51 0.14 27.75 2,18 25.56 0.00 91.54 8.47 --_. 
52 0.00 26.56 1.67 24.90 0.00 93.JL_ 6.65 

Annual 565.56 2026.55 425.97 1600.57 13-9.51 3816.29 1383.91 _. __ -
Seasonal 530.53 655.59 337.16 318.42 136.28 706.71 1093.30 

'______" 
.~'-. _______ L-____ 
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Appendix C 4: NOl"ll1al weekly water balance at Amreli (1974.03) 
(AWe = 100 mm) 

I Rainfall, AET, Deficit, Surl)lllS, I 0/ I 0/ 
Week ETo, mm ". /0 Din' I'D 

, mm ~ ____ ~4-~m=n~l __ r-~rn~n~l __ +-~m~m~-+ __ ~~'~ __ ~~-i 
r-----l n. 15 25,""-.3 7~-+-_~I.=()5:;....._-+-~2~4.~3~2 _r-_(=)_.:..:..:OO"---I--'.9:-.::5~.6:-=I,----t--:,4',=,3=-9 ----I 
f----------,,2c__-t- 1 U 1 _ . .:::.2::-6 2.,1,!,_,1 -t_~I~. (}~4_+--:2~.5:..:.;' (:-:)7,---+--7.0-=-;,;' °::.;-°_+--79 5;-:-.~(j7:----t--;:;4:-=-:. 3;:;;3:--1 

3 0.29 --,2=-:7..:..:. 6:.=13;__+-_:(:::_). ~88:!.---+----72.:..:..:(1.c7::-:o:-6 _r-_(::-:-) . .:..:..:ll!~) _1-~9:-::6.!.';'. 3:773_+-~3 ',;;;-67-;----1 
-- ().Oil 28.70 (Un 28.1:.:-0_+--_(:'-.:) . ..o:.OO;,:--+----'9=-=8:.:..:,O=-=~_+____;_I'_":_.9_=_1____f 

O.f)() 31.25 0.3') 30.86 (l.OO 98,53 1.47 
on 31'+0 11.32 31.09 0.00 98.88 1.12 

f-_2. _J~f_)_~~ . .:::;33"'''.o:.:!'i(i!__) --+_,::.:0'720::.5 _f---:3:-=-:J=..3:-:-1_-t-~O.--:-:-()::-O _+-~9~9:-=-:.1:-::6:--+-----;;-n.:.:;. 8c;-4----j 
I X .Il!) 35. 15 (). 2 () 34. I} 5 O. ();_::_[)_+-_l);:_:9c;.:. 3c_::9_-+--_0.=."._;.:_<J;o.,..1 ----l 

j' .... -9 .00 3H 51 I .~o~. 1.=:_5_+-.....::'i,:.o:8=.3'-'-'()'-----t-__:,:_():..:_:.O":'-O_-t--':--'9t):-=-:,:"l""""(J:,_) -1_-=0-'-:'.4'7+----1 
IIIl (.1.110 ,--_.-1-0 7 I-+-- 0.11 -1-tl.(il) o.()O 99.69 (UI 
~IT' lUll) '----1-""2-'-'5c9-:---r-.....:(::..I.I:...:=lS:..-+-----:-42=-' .. 751:----t----;(7'-:J.(::-;JO:---I----;;9-;;'9.=-=7::-9-t-----:(';-'-).2~1:----! 

~ __ J2 11.00 46.0) O.()(j 45.99 0.00 Y9,86 0.14 
13 O.I)() 48.-1-5 0.04 48,41 0.00 99.91 0.09 
1-1- 0.30 49.38 0.33 49.05 0.00 99.35 0.65 

_15 n.07 53.30 OJ)l) 53.22 (l.O() 99.8:5 0.15 
16 0.70 54.09 lUI 53.37 0.00 98.63 1.37 
17 0.05 56.78 O.ll6 56.72 !l.OO 99.88 0.13 
18 0.80 58.30 0.80 57.50 D.OO 98.37 1.63 
lY cun 5828 (un 57.98 n.oo 99.22 0.79 
2() 1.25 59.69 1.23 58.46 0.00 97.03 2.97 

L..... 21 un 59.40 1.07 58.32 1).00 97.83 2.17 
22 5.73 54.88 4.81 50.07 0.00 90.22 9.78 
2J 13.30 50.67 6.85 43.83 0.38 82.43 17.57 
24 2"'-.47 42.26 13.25 29.01 1.81 63.71 36.29 
25 45.85 39.(iS 17.14 22.51 15.48 50.42 49.58 
2fi 39.15 37.57 19.19 18.38 14.59 42.38 57.62 
27 32.84 34.3fi 20.S7 13.49 8.90 34.02 65.98 
28 -1-6.91 3Ui6 21.% 9.70 16.06 25.86 74.14 
29 40.64 28.75 19.57 9.18 1l.55 28.31 71.69 
30 41.17 29.32 18.75 10.57 20.30 31.23 68.77 
31 27.60 28.84 19.75 9,(19 6.96 21U9 71.81 
32 29.20 27.81 18.97 8.84 1l.89 27.27 72.73 
33 25.96 28.31 21.47 6.84 5.57 23.15 76.85 
34 23.46 28.60 20.26 8.33 4.86 26.42 73.58 
35 38.82 28.88 20.04 8.84 11.99 26.15 73.85 
36 16.69 31.04 17.49 13.55 9.60 39.41 60.59 
37 22.54 31.48 21.06 10.41 3.53 31.10 68.90 
38 20.65 33.79 19.79 14.00 3.98 38.52 61.48 
39 29.38 32.59 19.72 12.87 9.25 35.74 64.26 
40 12.60 32.93 16.92 16.01 L05 44.55 55.45 
41 4.77 33.86 13.57 20.29 0.00 56.62 43.38 
42 2.83 35.13 UUO 24.84 n.on 66.78 33.22 
+3 2.68 33.66 8.16 25.50 0,00 73.73 26.27 
44 2.42 32.77 5.96 26.81 0.00 80.27 19.73 
45 13.41 31.47 5.58 25.88 8.71 80.56 19.44 
46 4.81 30.75 6.38 24.37 0.00 78.26 21.74 
47 2.16 27.84 3.90 23.94 0.00 83.71 16.29 
48 3.00 28.08 3.66 24.43 0.00 85.IH 14.99 
49 0.00 26.19 2.33 23.86 0.00 90.00 10.00 
50 0.08 25.29 1.88 23.41 0.00 9].74 8.26 
51 0.l)3 26.29 1.51 24.78 0.00 93.54 6AG 
52 0.00 24.83 1.16 23.70 0.00 94.98 5.02 

Annual 578.42 1914.25 411.92 1502.35 166.45 3814.89 1385.11 

Seasonnl 531.23 598.51 333.10 265.44 157.74 678.86 1121.14 
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Appendix C 6: Normal weekly water balance at KhedbJ'Hhma (1978-03) 
(AWe == 125 mm) 

--------~ .. ~----~------,------~-------,_=_~--._~--~_r----~, 
Rainfall SUJ"plus, 

Week m~' ETol mm AET, mm Deficit, mm mm la, % 

1 OJ1 16.65 1.81 14.84 0.00 88.95 11.05 
2 0.05 17.0-t 1.38 15.66 0.00 91.67 8.33 

~3 n.u) liAS 1.25 16.19 0.00 92.65 7.36 
I -+ fun 18.52 Ll8 17.34 _1--_:(}:..:_:.(::..:.,IO'---1---::9.::;-3.=-:-4-::--0_+-_6::--:.-::-:6{c:..._)_-j 
[- 5 0.08 19.~5 L07 18.28 IUJO 94.30 5.70 
C==l~-.. _-~:: ~- (f (m _2 ~. 06 ___ .., ___ ,:,-,O.~~4-==~~=~2·;::o,--,-.71.:::.__=-? ==~==I~):-'-:.I;)()==~::::::::~9~5.:4=(j :::::::::::::::::4~.~55~::::: 
~--_l---'+-_JJ1I£_J_-.2:>12 __ t- 1.79 I 21.49 _.:::~:;~ 91.97 8.03 

f---~1---·-tt···-*i~· I ~~:~t~ I ~:~. ~~:~~ (l.OO ~~:~; ;:~! 
[.--.-]ij--. lI.on . 27.75 --I' 11.59 27.1 G (l.OO 97.82 2.18 

[===11 1-=-i.U~1 ~.'1iU2 I (1.51 29."",.6..=.1. _t--_(,-'..'.l:--'}O'---+---'::Y...cc8=.2c:-6 __ +--=..:1....;_74-'---i 
I _12 .--.t 0 I ') 32.55 I () .Ii] I -,3"",1"",. 9;-=2'--_-f_~() ."",(1(",-) __ +-_9"",,8:..:..;. (~)9 __ -+--__:.I-,-". 9-=.1---i 
~_U_--t- (1.00 i 35.08 UJ6 34.72 0.00 98.97 LOS t=-_l± I n.oo I 37.05 0.29 3().7(J 0.00 91).22 n.79 
~ 15 I I) 28 37.M 0.511 37. H 0.00 98.66 L35 
f--_ !Ii Uti 40.2() un 38.40 D.OO 95.72 4.28 

17 0.92 41.58 1.11 40.47 (1.00 97.32 2.68 
18 1.88 44.15 2.()2 -t2.13 o.O() 95.44 4.56 
19 1.23 47.61 1.34 46.27 0.00 97.10 2.91 
20 0.00 49.60 o.og 49.52 0.00 99.85 0.16 
21 0.70 50.75 0.76 50.no 0.00 98.90 1.12 
22 3.63 50.22 3.67 46.55 0.00 91.33 8.68 
23 4.52 45.35 4.5-1- 40.81 0.00 88.89 11.12 
24 19.27 39.86 15.00 24.86 0.00 59.68 40.31 
25 22.56 36.88 12.14 U.74 n.on 62.67 37.34 
26 48.75 33.10 14.87 18.23 17.18 49.21 50.79 
27 .. 55.47 30.n 1 18.21 11.79 12.72 32.83 67.17 
28 59.93 26.25 2l.95 4.31 21.82 14.3 I 85.70 

f---""72l::-:-9 __ +-....:5;-.:8:.:.;:' ():::5_t--=-2+::!:..:.-:::56~-t----:2:,=2~. 8!!!()_I--~L~7(ii...) _t-...!.1~8=-!.. 7::':..2 -,1--......:6~I.!;'..:02~-+_.93. 98 
3 () _ 66.08 23 . 72 _1---72 "",l.c::=S 2=---+_--=:c2~. 2"'-O_-+--'2~8'-'-.4:...:.7_+---"'8.:...::.1""-1_-+----"'-'91:..:.. 8",,9:..._.....j 
31 89.58 22.51 20.70 1.81 62.98 6.13 93.87 
32 42.73 23.51 21.50 2.01 26.67 7.50 92.50 
33 46.42 23.08 20.30 2.78 27.65 11.36 88.64 
34 42.63 23.0S 20.50 2.54 25.35 HI.15 89.85 
35 38.72 22.% 18.63 4.34 28.17 17.20 82.79 
3() :n.61 26'()4 19.15 6.89 20.78 25.17 74.83 
37 17.2g 27.37 17.77 9.60 9.39 33.50 66.51 
38 12.07 28.31 16,.1.9 11.81 5.59 39.85 60.14 
39 21.97 26.90 18.37 8.54 2.72 30.67 69.33 
40 6.10 26.83 15.28 11.55 0.00 42.55 57.45 
41 2.82 25,40 12.13 13.27 0.00 51.81 48.18 
42 0.38 23.96 8.35 15.60 0.00 64.40 35.61 
43 3.79 21.73 7.86 13.87 0.00 63.47 36.53 

r-~44-'---+ __ ~().c:-00~. __ r-=20=.~91~+-_5~.=38~-+-~1=5.~53~,_~()~.O~O __ +-~74~·.~07. __ +-~2=5-,-".9~2_~ 
45 2.58 19.45 4.99 14.46 lUll! 7·UO 25.90 

1---47, 6=-,) --+--:2:-".1:-=2:"'--1--=1-=-7'-::-.9"'-4 --+-"'74 ."':-'93:---t-~13~.(::-:1l:---t-~O .7007---t- 72.30 27.70 

47 1,48 18.28 4.04 14.24 0.00 77.85 22.16 
48 0.12 16.20 2.75 13.45 o.on 82.94 17.07 
49 0.35 15.44 2.53 12.91 O.O() 83.38 16.6l 
50 1.10 15.17 2.98 12.19 o.O() 82.24 17.77 
51 0.90 15.26 2.19 13.07 (1.00 84.77 15.23 
52 O,lO 14.68 1.71 12.97 0.00 88.52 11.41 

Annual 713,55 1444,35 405.12 1039.22 3()8.21 3550.88 1649.26 

Seasonal 684.35 510.28 319.70 1911.58 30S.21 545.78 1254.21 
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Appendix C 7: Normal weekly water balance at Arnej (1982-03) 
(AWe = 2011 mm) 

la, 0/0 
Rainfall. AET. Dctlcit, Surplus, 

Week ETn, mm mm mm mm mm 
I o.nl) 22.74 2.06 2<)'OH n.oo 88.16 11.85 
2 1.23 24.31 3.70 20,61 (l.OO 8 .. 1-.25 15.75 
.3 n.no 24.66 2.28 22.37 0.00 YO,03 9.38 

r--- 4 ._ (). 00 26.51 --jl...--..!:2C!..!. 1:.:;.3_+--,2:::...4::.:,:. 3~9:_-I-__:':'()':'!!' ().!:..O_+-~91~. 70-::2=----1---"8",,, 2:::;8'---1 
I 5 O. on 28 . .l"",Jl:-'--!---7'1.-:,:-94=----t-..-....:=2:.:-::-6:..:;:.O.:,..7 --t-.....:("-!.),("-.;)(;_) -if--__o9:::;.2;...;' 7:-:-4_+----':-'7 ,:.::=-267--J 
I (i ! O. on 28,65 1. 77 ~2~6~. 8~8;__+-.......:.:.()!!.:, ():!:..l)_+-_(::..:;93~. (j~)6:----t---,:,(ic:.::. 3,-::,:4-1 
[' 7 I (I.on 32.29 L 71 .. :iO,58 0,00 94.55 5.47 

16 (). 70 5 .. US J___L.l:L...-t- 53 J.:L_:_ _ . ..........:.():.:.:.r,:..}O,,:__-+-~9=-=7 .-=-96=-) _t-.--"2=:.:..O",-;' 4:---1 
1 7 0.85 58.77 1.21 .. ,....;05::-:7..:.:.5""'['_-1----"-,0.",,,0(:.:...) _+--....:9:....:.7..:..:.7...:..7_+---=.2=.2.:.:..3 --I 
18 2.19 58.15 2.54 ....::5;::5:-'-':.6'"=1_+-_(:::.:) . .:;.:(l(':'-) ._+-.....:9'-:'4.:..::.8:.:0.9_+_ .... --=-5'"=.1:0:-3--1 
19 0.75 5{j.30 O.LJ() 58.35 (l.OO LJS.1S 1.83 
20 tUM) 6 LS2 0,97 (iO.S5 O.()O 98.24 1.76 
21 5.90 62,73 4,]9 58.54 (UIO 92.52 7.49 
22 5,17 5{j.9S 4.09 55.89 0.00 91.88 8.12 
23 7,18 I 56.83 7.25 49.59 0.00 85,44 14.56 
24 17,25 50,33 13.14 37.19 n.oo 71.01 28,99 
25 65,37 I 44,71 20.95 23,76 1.36 46.95 53,05 
26 31.55 42,31 23.17 19.14 5.45 42,76 57,26 
27 39.05 37.99 21.13 16.86 4.82 35,85 64.15 
28 47,79 34.67 23.12 11.55 3.29 28,64 71.37 
29 56,62 30.54 22.74 7.79 2eUl2 22.41 77,60 
30 40, S 1 30.38 21. 64 8 .,-:::73:;-__ +~8:-,-:' 7,:-::8'---1---:=-:24::,", 9==.5'---1--,7=-=:5,.:.:.0",=4--1 
31 58.52 30.18 2.1-.29 5,89 9.92 17.59 82.41 

---~--T-~~~~--~~-+--~~~,_~~:__-r~~~,_~~~~~~~-~ 
32 35.36 29.05 24,80 4.24 7,77 1.1-,37 85Ji2 
33 29.68 30.49 25,09 5,41 8,37 17.56 82.44 
34 40.67 30,88 24,92 5.97 15.88 17.99 82.()1 
~ .. 5 26A5 29,53 23,28 6.25 (i.8n 2(),22 79.78 
_]_6 36,81 32,77 23.50 9,27 16.00 2(),91 73.09 

37 17,20 32.73 22,74 9.99 U7 28,45 71.55 
~~ 12,20 32.95 21.04 11.91 D.73 34,66 G5.33 

39 13,11 31.92 21.14 lIl.78 n,oo 33.17 66,83 
40 9,26 33.39 17.98 15.41 l.OS 44,86 55,13 
41 11.50 32. OS 15. () 3 -+-~1.::-:(i ,..:..4(':,:..1 ----1f----,:3:.:,;.9:.!.:6l...---!-_:_49::.o" .:..::6("-.) --j1--.::.5(~) . ..:..4("-.) --l 
42 3,33 30.45 12.98 17.47 n.on 56.CJ4 43,96 
43 2,45 29.15 11.35 17,79 0.00 59,20 40,79 
44 0.00 28.43 8.85 19,59 0.00 68.50 31.50 
45 4.73 26.55 8.15 18.40 n.oo (,8.38 31.62 
46 0.00 26.75 6.72 20,03 n.oo 74.09 25,91 
47 0,12 23.59 5.34 18.25 (l.OO 76.81 23.20 
48 0,38 24.11 5.23 18,88 lUlU 78.35 21.66 
49 0,35 23.54 4.39 19,15 o.()O 80.75 19.25 

~-75(~l __ r-~l~),(~)O;__+-~2~2~.O~S __ r-~3~,5~4 __ T-~18~,5~5~T-_~().~()~(} ~ __ ~83=,6~)8~+-~1~6=.3=2-4 
51 0,00 22.21 3.1S 19,03 0.00 85.37 14.64 
52 a.oo 22,4 1 2.89 19.52 0.00 86,&8 13.12 

Annual 627.83 1895.26 511.91 1383.35 116.14 3562.23 1637.87 

Seasonal 584.94 641.65 381.90 259.74 112.18 613.8U 1186.21 
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Appendix C 8: Normal weekly water balance at Dhandhuka (1982-03) 
(AWe = 2U() mm) 

r Week Rainfall, ETo.rom AET, Deficit, Suqdus, la, % Ima , % 

~ ;;I~) 22.94 ~~ 2~~~ ~(~ 87.38 12.62 
L 2 n.RD 23.60 3.35 20.24 (1.00 85.18 14.83 
I 3 _+ __ 11.00 24.41 2.43 21.98 U.no 89.97 lO.o3 

--=-~_().OO 25.89 2.25 23.65 0.00 91.14 8.87 
I 0.00 28.23 2.11 26.13 0.00 92.23 7.78 ----r-_'_.+ (I.no 27.98 1.85 26.13 0.00 93.21 6.79 

-l- iU I 31.57 1.91 29.67 0.00 93.78 6.23 
'- &-" 1 n.OO - 33.4.+ 1.64 3 UO o.O() 94.99 5.02 
I 9 I (1,27 I 36.77 1.80 3.+",~9-=7'_1---,1,:,-,-).{~)(;_) _1---c9:=:5;.;.;;.O-::-4_-t---=-'4."=9~7----l c_ fi'l=t (1.01) I 37.Y() 1.33 36.57 n.oo 96..+9 3.52 
L_j 1 I (l.on 'I 40.48 I l.l8 39.31 n.oo 97.11 2.89 
L-JL_~JL! II, .....--:-4.::'3,=-y::--t) ---1_-:-1.;;.,:.(:7; 1-72~-:-_:-_~-=:-4:2"-,,.-=--9,-:;:7~_~~~~-,~():.!C,_::::(c;.::J(o::...l:""'_-_-:-_-.....;-::9::7:-,-,:.'-=-(i:.-=ol-=-S~~:~~..:::2'.:"~.73:-:,:-4:-_~-1 
~ J 3 _iU.~ I 45~ ~ ___ . ..;:,1-,-". 1'-=-~ __ T-_4:-::4 ',-:;-1 =-7 -r-.....:(__:_I.{:-:..:_I(;__) _r-_-':9:::;7:..:::;.2-:-1_+-_--='2.--::-7';:-!1----i 
1____ 14 0.4:1 48 :~~ __ .r--:1..:.:.1:,-=;-) __ -t--._4-;-;7::,--.4:-.::8:----t-_.;Oc.:..::.ll.:.c.O _+-_I":-cn;'--.4::'-'::5;-_-t----::2~.5:-:=6 __ 
J 15 1.1 ~ 50.41 I.7-=4 __ +--:4:-::8~.6:--c,7_+-~().-".(J(o::...l_+-.....:!}:-::()'-'-'. ],-::7_+_--",3.;.:;;' 8:.:_:-5_ 

16 (Hi!) 5·U3 1.17 53.56 (l.OO 97.85 2.15 
--~.~~~--~~~--~~-r_-=~--,,-_..J1 2.19 55.32 2.57 52,75 n.oo 95.10 4.9() 

HI LSO 56.70 1.79 54.91 0.00 %.09 3.93 
1-. 19 5.M 57.66 3.35_ 5·UO O.Of) 93.50 6.51 

. 20 0.00 59.88 0 . 77 '--t--:S::-;-9'-=:-. ]-':'-J -t---(·7-'-U"-')('-) -t---c9:-::S.:.::. 5::;7-+-----:"1.'74 3=--. ----l 

21 2.64 61.70 3.04 58.66 0.00 95.01 4.99 
22 11.38 57A3 6.56 50.87 (l.on 87.84 12.16 
23 16.2-1- 54.55 13.73 40.81 0.00 72.56 27.44 
24 14.67 47.25 11.87 35.38 O.no 71.84 28.18 
25 +1-.54 44.66 18.88 25.79 3.00 51.51 48.49 
26 50.07 40.61 23.84 16.76 6.88 37.99 62.0~_ 
27 35.55 36.49 22.36 14.13 0.62 32.89 67.11 
28 37.03 34.44 21.65 12.79 0.00 33.02 66.99 
29 26.78 3Ll8 21.11 10.07 0.00 28.87 71.14 
}O 39.59 30.80 20.96 9.84 0.27 28.64 71.37 
31 36.01 29.33 22.52 6.81 7.28 20.52 79.49 
32 34.40 29.01 23.73 5.28 2.58 17.02 82.98 
33 25.61 30.37 23.39 6.98 7.88 22.72 77.29 
34 18.31 2 1).92 23 . 09_'r--;6~). 8~3:..._.-+---:3:-:.:. 3~():._-+----=2-70 '78::.-° _+--..-::7:-,:9:.::.2=-0 --! 
35 23.25 29.34 21.54 7.80 2.32 2·U2 75.77 
3£i 27.40 32.98 22.34 I 10.64 R.18 30.10 69.90 
37 17.27 33.00 24,37 8.64 1.36 24.60 75.40 
38 25.74 33.37 20.84 12.53 10.92 35.50 64.50 
39 14.05 33.10 19.81 13.28 2.92 37.36 62.64 
40 22.()3 33.78 18.30 15A8 8.25 43.98 56.0J 
41 19.12 32.37 15.78 16.59 11.55 49.14 50.86 
42 4.58 JO.69 13.64 17.05 0.34 53,36 46.6-1 
43 2.05 30.71 1l.88 18.83 0.00 6(1.18 39.83 

~~44~_+--'(~).(~)t~)~~2~8~.3~7 __ r-~8=.8~'():...--+_~19~.5~7--,-~O~.O~() __ +-~(:~j8~.3~2:...__, __ 3~!~ 
45 7.27 26.95 8.36 18.59 a.oo 67.89 32.11 
46 0.00 27.65 7.04 20.61 n.oo 72.80 27.21 
47 0.00 24.56 5.73 18.83 n.oo 75.99 24.02 
48 1.41 23.31 5.91 17.40 0.00 74.95 25.06 
49 0.00 23.25 4.38 18.88 D.OO SO.75 19.26 
50 0.00 22.05 3.75 18.30 O.()O 82.78 17.23 
51 0.00 22.73 3.47 19.26 ().OO 84.58 15.43 
52 0.00 22.42 3.12 19.30 n.uo 86.21 13. 78 

Annual 591l.16 1814.20 513.14 1361.06 77.66 3560.05 1640.20 

Seasonal 528.52 634.17 374.33 259.85 65.77 634.14 1165.92 
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Appendix C 9: Normal weekly water balance at Junagadh (1974-03) 
(AWe = 150 mm) . 

Week 
Rainfall, 

ETo, mm 
AET, Deficit, Surplus. 1.,% Illlu, 0/0 

mm mm mm mm 

1 n. ()O 24.84 1,1)() 22.94 0.00 92.25 7.74 

2 0.31 25,61 1.94 23,07 0.00 92.3-1- 7.67 
,", n.4i' 25,62 1.86 23.75 0.00 92.64 7,36 

~ 4,65 I--.'-±---{. o.on 2l;1,(J5 1.31 27.34 0.00 95,34 

~.. 5~~."---r--._O,j)G __ _]1.,35 1.16 28.19 0.00 l)5.88 4,13 

• () 1 () 01 31.77 D.I)9 lO.n o.on Y6.83 3,17 
[-'---'-;;;---+-'-'-, =--T .. - U,5 29.70 (UlU 9..J..l..J. 5.87 i .. _. __ I_~_L' 31..:->, 
l . I{ n,18 JU6 0.91 33.25 n.oo 97.36 2.65 
I I) 0.0f! I 37.20 0.65 36.55 0.00 98.28 1.72 

c=IQ 0.00 4(U)l 0.52 39A9 O.()O 98.66 1.3.J. 
I 11 (J.2() 41.20 0.(,3 40.58 0,00 98,48 1.52 
_12 __ lUlU 45.20 0.34 44,86 0,00 99.25 n.77 

13 0,00 47.24 0,27 46.97 0.00 99,43 0.57 

1-. 14 0.03 48.12 0.23 47.89 0.00 99.52 0.49 
15 0,61 49.72 0.75 48,n 0.00 98.47 1.53 
1() lUll) 50,73 (l.ll 50,()2 (l.OO 9,:),79 0,22 
17 0,22 51.16 ().3() 5U.R6 (). no 99.34 0.66 
18 (), no 5un O,O(j 51.81 n.oo '19.89 0.11 
19 0.00 52.00 0.04 51.% (l.OO 99.93 (l.OS 
20 1.1S 51.50 1.21 50.29 (l.OO 97.06 2.96 
21 D..J.7 -1-9.65 0,49 49.16 0.00 98.97 1.04 
22 3.38 49.14 3.39 45,74 0.00 92.53 7.48 
23 12.89 48.07 8.58 39,49 0.00 78.21 21.80 
24 47.32 38.49 14.41 24.08 7.58 57.88 42.12 
25 57.93 33,86 19,-1-0 14.46 12.24 37.01 62.99 
26 64..J.2 32.68 19.83 12.85 3D.48 34.23 65.77 
27 (j3.02 29.15 19.82 9.33 34.74 28.46 71.54 
28 82.82 24.Y7 21.80 3.17 35.96 JO.51 89.49 
29 98.75 22.37 19.75 2.62 65.50 8.39 91.62 
30 57.96 22.26 19.00 3.26 39.22 12.11 87.88 
31 52.l7 21.78 18.76 3.D2 32.l8 9.16 90.24 
32 60.34- 21.74 19.53 2.21 40.59 9.04 90.96 
33 47.18 21.98 19.82 2,16 23.74 8.37 91.63 
34 20.29 23.34 20.46 2.89 2.44 10.53 89.47 
35 28.71 24.32 20,47 3.85 12.23 13.40 86.60 
36 26.00 26.74 20.73 6.01 11.92 18.80 81.20 
37 24.59 29.07 21.60 7.47 11.59 22.65 77.35 

38 25.33 31.07 24.17 6.90 5.35 19.58 80,42 

39 19.69 30AO 23.70 6.70 1.23 20.61 79.38 
40 16.70 31.79 21.20 10.59 5.1 I 30.39 69.61 

41 7.15 31.91 17,85 14,06 1.87 41.40 58.60 

42 6.08 33.34 15.97 17.37 0.00 48.97 51.04 

43 6.34- 34,22 14.47 19.76 0,00 56.33 43.67 

44 2.76 34.44 11.71 22.73 0.00 64,77 35.25 

45 4.22 30.98 9.n 21.20 () .00 67.2lJ 32.72 
46 1.17 29,80 7.77 22.03 n,oo 72.62 27.39 

47 3,46 27.33 6.46 20.S7 (l.on 73.77 26.23 

48 0.00 28.88 5.19 23.69 n.oo 81.45 18.55 

49 0.00 27.76 4.12 23.64 (J.110 84.55 15.46 

50 0,01 25.91 3.31 22.60 G.on 86.97 13.03 

51 0.14 25.97 2.85 23.12 O.aD 88.42 11.:58 

52 0.38 24.56 2.59 21.97 0.00 89.09 10.92 

Annual 846.16 1765.48 476.00 1289.48 373.98 3421.94 1778.27 

Seasonal 806.10 514.08 353.04 161.05 372.11 429.93 1370.09 

282 



283 



Appendix C 11: Normal weekly water balance at Anand (1974-03) 
(AWe == 200 mm) 

Deficit, Surplus, 
ETo.mm mm mm mm mm Week 

Rainfall, AET, 

I-- 1 0.03 19.51 3.64 15.87 0.00 81.67 18.34 
1-' 2 109 19.(j9 4.07 15.62 n.oll 79.09 20.91 
._.3 n.])! 2()~.¥L-. 3AO l(i.90 0.00 83.16 16.84 
1_4 __ ~no 21.59 VB _!1:s8.~. 6C:!.5_-I-__:(c:.:_l.(::_:)(.:!_) -l_...!og~6.:.:!.3~6_+-.._!_:;13~.6!;:!4~ 
~__ 0.00 + _ _].,,,_2:.=:. 8~9 --1i-_~2.:..:. 7_.:.,7_.+-....:!2::.!;O""'.1c::2_-t---_(:.:.., . .::_:()(,;_) --l_-"S:..;.7.:..:;e. 8""-0_+_-=12",,,. 2:.:2,--
~_.6._.-_.......i. n. 2 L_ ... _ . 2·L~2 2. 85 21.,~.J 7"-_-I-~O:_,.:..(:.:.:.)()~_-I--_;:.88~ .. _.:.,43::... ___ I-____!;I~1.c::.57.:.._._< 
. i I 0.1') 25.72 r-' 2.(j(j 23.06 n.oo 89.66 10.35 
~=L-t_. O.~!() 27!)(} 3.17 24.7:1 O.lJO --l-~8~8'c::!.44:!..· _+-~1~1.:.:!.5:.=:.5--J 
l __ I) -'i O.I).J - 30,48 2.2:' 28.23 tUHJ 92.58 7.42 
! j{l 0(11) ., 1 75'- 2.07 29.(jH 0.00 93.52 6,49 
~_J I . 0.04 -+-- 3.3. t)() U\5 __ _._.~:n::::..~I:.!;!1!--~:---__:~(c::.,..:.:.;.(::-:J:.:.:(~I~--1_l_----~~9~4~.6~O==~==~5.~..J'=:_(~)-=-: r 11 D. J J ' 35 71 '--1_-=]):\8 33. 83 ().~. O:.:..:I)_+--.Ll)..J.!.!.. ... :::.!.:;8c!__-+----'5:::.:.4~1~._1 

r D (J. O() _.3 7. 70 l.~X" ::16.32 -+-~1I.c:.!.0l~) __ +----'9~6~. 2~8~-+-____:!3.:.!.. 7~1---! 
r--1L_ O.3(j 39.04 1.53 37.51 n.oo 95.~8 ·+.12 

IS 0.27 ~1.59 1.3U .fO.28 (J.no 1.)6.76 lU 
16 (l.53 42.58 1.38 41.20 0.00 96.74 3.27 
17 0.37 44A2 to!) ol3.32 n.oo 97.4& 2.53 
IS 0.23 .f5.X8 0.83 45.06 +-___:.!.;O.~Ot:::..)_I__~9~8;_.!;.I.!!.()_+-....2..:.1.~91~_1 
19 1.78 46.85 1.81 45.04 0.00 95.4& 4.53 
2() 2.19 49.15 1.93 47.21 n.110 95.65 4.37 
21 1.80 49.72 2.35 47.37 (l.OO 94.91 5.10 
22 6.15 49.17 3 .81.) 1_~4.:o-5 "",.2~8 _t--...:.(:.ou";.:;;)O~+-~9.{.:.:.:).~8S~· _+-_9-:.,;.' . .!_:13c!__-j 
23 19.04 ·P.93 7.()(j 40.86 5.25 H2.00 18.00 
2-+ 15.65 -1-2.31 13.29 29.02 n.oo 6-+.59 35.41 
25 38.24 3!J.38 15.25: 24.13 n.O() 52.70 -P.31 __ 
26 59.73 35.79 22.34 13.45 14.84 32.32 67.69 
27 .f.O.93 33,()4 19.52 13.51 5.H 33.92 66.08 
28 68.10 29.77 22.95 (j,81 12.26 19.22 80.79 
29 64,23 26.37 21.28 5.0S 23.80 16.58 83.42 
30 n.80 26.65 22.68 3,96 34.57 11.93 88.07 
31 64.97 25.50 21.77 3,74 32.55 12.01 87.99 
32 71.71 23.83 21.89 L95 35.97 6.68 93.32 
33 51.74 25.49 23.45 2.04 25.26 6.96 93.03 
34 64AS 26.16 23. 72 2.4+ 4,:!.:(~).(:~)8:__+-__:;:_;8._,,;_34;!;...· _+-__:;9:.!.1~.6~6--1 
35 44.66 26.46 23.12 3.34 24.84 10.29 89.71 
36 41.11 29.77 24.13 5.64 26.48 16.99 83.01 
37 22.54 30.83 23.50 7.33 11.73 21.46 78.53 
38 17.30 31.63 23.29 8.35 4.58 24.54 75.46 
39 12.30 31.23 21.11 10.12 2.94 29.70 70.30 
40 3.63 31.39 18.91 12.48 0.00 39.21 60.79 
41 9.(jS 29.80 16.87 12.93 1.66 41.88 58.12 

r---:t2 ·1.72 28.74 1-l.55 14.19 Cl.OO 48.74 51.26 
-1-3 3.57 2(j.59 _ ___!.1!:_:2'c:!.4=..3 -+_.t.:14~.~1.!;6:-.-..+-~(J.:.:.;();;:_()_~-'5~2:,:;.:;,5~6:o:_+_ -1-7.44 

1--__,!..44.!_· _+--'3~.!:C'...27:__+_-'2=.:5:.:.:. 5;;.::6:......._+-...!.I.!!,;O .~2~5 -+_.!.:15::.;.~ 3:-=2=---I-~-:;:';O.=O",-O _1---,..:.5~9=.5,,-=7_1--.10 .43 
45 2.39 24,31 9.06 15.25.. (1.00 ._-"-6:::.:2 . .;:.;35:::...__+-------'.!3..!.;7.~6~5___i 

~-c::!,46~) __ +--'3~.~81~4--'2~3~.C~n~~~8~A~I--+_~!4~.6~)I~.+__?()·70(~l __ f __ ...!.(J~)3~.3~O~ __ ~2~1 _ 
47 7.97 21.51 7.29 14.22 0.19 65.52 34.48 
48 ].98 20.91 6.38 I·un 0.00 66.83 33.18 
49 0.58 19.77 5.83 13.93 (l.O() 70.116 29.14 
50 0.28 18.96 5.03 13.93 0.00 73.87 26.14 
51 0.55 18.79 4.76 14.02 0.00 74.83 25.18 
52 0.14 IS.31 3.90 14.40 0.00 78.68 21.32 

Annual 829,09 1599.67 525.55 107 .... 11 302.75 3266.50 1933.66 

Seasonal 773.17 563.52 369'.26 194.26 300.89 489.46 1310.55 
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Appendix C 13: Normal weekly water balance at Bharuch (1974-03) 
(AWe = 20fl mm) 

lweck Rainfall, ETo,mm AET, Deficit, Surplus, 
1",% lu •• , {Yo 

mm mm mm mm 
1 0.44 22.63 4.37 18.27 0.00 79.77 20.23 
2 1.20 23.34 4.56 18.77 0.00 78.37 21.64 
3 0.23 24.54 3.70 20.84 0.00 84.22 15.79 
-+ I).no 24.30 2.99 21.30 0.00 86.72 13.28 .. 
5 0.00 26.83 2.88 23.95 0.00 88.20 11.81 
6 I).()O _j_27.CJ3 2.70 25.23 a.oo 89.60 10.41 t=--L---+ (). 1)1 2 1).:\7 3J6 26.()} D.OO 88.10 11.91 

- 8 r <1A3 D.l!:!_ ... 2.9~ 30AO 0.00 90.89 9. II 
I I) 0.(1) .1·U2 2.1\0 31,72 D.OO 91.(;1 SAO r---- uf- -n.I)2 .+ __ ~5 31_ J.lJ1 ___]3A2 (l.!H) t)·U7 5.74 
L __ l_I__ 0.05 3().n ~~ 35.11) (l.OO 95.08 4.93 
I 12 (l. Oil 38.83 1.-16 I 3737 0.(1) %.01 ·t.on r--------

t--. n.flO --W.95 
.. 

1.1 _ 1.30 39.65 (i.(HI 96.70 3.31 .-
14- {U5 .n.·Hi U2 41.14 O.()ll 96.69 3.31 
15 o .uo 45J\7 O. ~5 44.93 0.00 97.78 2.21 
hi (1.(12 4725 O.XO 4G,4(j o.on n.19 l.82 
17 n.ns 49.119 n.74 49.15 0.00 9&..1-2 l.5Y 
18 1.33 51.68 un 49.8l D.!)O 96.39 3.61 
II) 1.03 5232 1.4-3 5().89 D.OO 96.44- 3.57 
20 1.44 SLY 1 1.77 50.15 (l.OO 96.11 3.90 
21 0.27 51.10 0.52 50.58 D.no 98.95 l.O5 
22 8.17 SUO 4.76 46,34 0.00 88.96 11.04 
23 29.03 47.76 9.59 38.17 12.23 75.58 U.42 
24 30.83 41.80 16.13 25.68 1.99 56.28 43.73 
25 44.56 36.25 17.83 18.42 2.71 -1-5.78 54.23 
26 89.33 32.28 18.76 13.52 26.82 33_03 66.96 
27 45.39 30.43 22.53 7.90 5.69 21.31 78.69 
28 68.59 28.05 22.96 5.0Y 25.89 I4.~lJL--~2Q_ 
29 YO.51 26.61 23.93 2.69 43. ') 1 9.05 90.95 
30 53.03-'- 26.87 23.32 3.55 2oA3 HUG 89.24 
31 51.95 25.+7 22.-15 3.02 31.97 9.74 90.27 
32 63.-93 - 25.53 23.45 2.(18 3.J..41 7.40 92.60 .-
33 45.0S 26.4!J 24.22 2.2X 18.21 7.39 92.60 
34 51.85 26.92 24.43 2,48 HI.89 8,44 91.56 
35 41.06 27.23 .23.43 :um 2·U9 11.26 88.74 
36 -16.05 28J4- 23.12 5.22 32.54 15.87 84.13 
37 36.18 29.44- 23.73 5.71 18.77 17.06 82.94 
38 30.48 29.52 22.70 6.82 14.ll5 21.10 78.90 
39 39.74 29.20 21.60 7.60 21.51 23.76 76.24 
40 11.52 30.52 20.89 9.63 2.76 30.22 69.7':1 
41 5.79 29.74 18.21 11.53 1.28 36.49 63.51 
42 1.46 29.93 15.86 14.07 0.00 46.25 53.76 
43 1.61 28.48 13.43 15.05 0.00 52.12 47.87 
44 6.48 27.57 11.44- 16.13 0.80 57.43 42.&--
45 0.82 26.03 10.01 l(i.02 0.00 61.23 38.77 
46 8 . .58 24.40 9.57 14.82 (l.OO 58.11 41. 90 
47 4.87 23.19 8.51 14.68 1.51 61.41 38.5Y 
48 0.10 22.75 6.67 16.08 0.00 69.42 30,5t) 

49 1.81 20.77 6.08 14.69 (1.00 69.12 30.89 
50 0.30 20.96 5.31 15.65 0.00 73.05 26.94 
51 0.53 21.29 5.0S 16.25 (l.OO 74.62 25.38 
52 0.20 21.59 4.41 17.17 0.00 78.20 21.80 

Annual 918.13 1687.85 550.52 1137.33 366.55 3183.04 21»17.09 

Seasonal 869.11 548.70 385.07 163.64 362.96 418.12 1381.90 
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Appendix C 14: Normal weekly water balance at Surat (1974-03) 
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Appendix C 15: Normal weekly water balance at Navsari (1974~03) 
(AWe = 150 mm) 

Rainfall. Deficit. Surplus. 
Week ETo. mm AET, mm fa, % Ima , % mm mm mm 

1 0.+2 23.17 3.45 19.72 0.00 84.59 15.41 
2 1.56 22.91 3.IH 19.}() o.no 82.55 17.46 

1--. 3 2.35 24.S.t 3.29 21.26 0.1)0 85.86 14.] 5 
~,,_:!__ _ 0.35 25.j5 2.(il{ 22.78 (l.OO 89.36 1O.M 
L 5 l- n.ol) 25.87 2.14 23.73 (l.OIl 91.71 8.29 
I -'(,----1 -'() O,:;--+-' 2~-2.(12 25.89 n.O() 92.81 7.20 
r·---f--=-t-o.~~.-n_ 2.17 26.26 n.on 92.15 7.85 f= _____ H __ L_iL:fO 30.96 1.1-:3 29.13 0.00 93.99 6.02 __ 
I I) . 0.61 33.]5 1.84 31.31 O.t)!) 93.8-+ 6.16 

FlO n.oo 33.73 1.113 32.71 n.oo 96.91 3.09 -rr 0.00 ].J..IY 0.85 33.34 n.on 97.54 2..1-7 
12 n.IS 36.52. 0.85 35.67 n.on 97.(1) 1.31 
13 f).O(i 38.58 I n,(i-l- __ 37.9-1- 0.00 98.27 1.73 
1-1- .-- (J.O.! W.71 =:J------0.5l) ~ml _ 0.00 Sl8.7) -r--~~ 

r--____lL_ I 0.00 42 .!._L_t---iL:']_4 __ Li!.:z.L.. __ j-__ ~~)_(L__r--J2.2..0~ I n.91 --
j(i -r-o:o-J I -1-3.17 --1-. 0.:;0 !-_ ·LUIS (Hill '.1\).30 i (1.71 
17 _ iTooJ~i--.G"- ~-O~ll-- -rui)--r--Wli)"-- --99~".W\·--O~sr---

18 0 J 7 -1-:3 . 7 1 (), 54 ·n 1 7 _._ t---!.!J.!.!.!.___. l) g 72 - 1.2 K 
19 tUX .J5.lJ-f D.51 4543 0.1)0 98.7.1 US 
20 0.03 _ ·B...lO (I,12! ·B.2R 0.00 1)9.71 0.29 
21 0.82 44.52 0.90 -I-3(jJ (l.on 9!U7 1.83 
22 9.22 43.0-1- I 5.0(i 37.!)~ .. -r----;)·.Ol) H6.lO 13.89 
23 17.4~ 39.41) 7.08 32.40 3.110 I -77.32 22.70 

1---.-:2:;...:4 7l.4X 33.46 15.88 17.5R :t'iAS I 1.7.52 52.48 
25 121.85 30.119 20.55 9.55 54.7(i 27.·,u 12.57 
26 9-1-.04 28.77 22.52 6.24 5l.20 16.-l-Y 83.52 
27 121.03 27.49 13...l7 ·un 86.}6 9.79 9[).21 
28 110.17 26.45 24.06 2.38 7(j.61 6.74 93.25 
29 150.00 24.41 23.09 1.33 117.28 3.7-1- 96.26 
30 I2K.07 24.52 22.71 1.81 108'()2 5.08 94.92 

r----- 31 9..J..42 23.05 22.20 n.86 69.37 2.83 97.17 
32 lO().29 21.93 21.07 0.87 74.0(J 2.83 97.}7 
33 (i1.61 24.-1-1 23.11 1.30 -+U14 3.98 96.03 
3-1- 49'{ll 24.73 22.89 l.8.! 3IJ.23 5.n YH)) 

1-_ 35 64.88 24.30 22.76 1.54 3!J.30 3.98 95.02 __ 
36 80.7} 25.92 23.37 2.55 (j4.13 8.()9 91.92 
37 39.62 27.34 24.36 2.9S 20.01 9. II __ l)Q~ 
38 33.31 28,29 2-1-.99 },31 12.5-1- ~ __ J.Jp9 KY.71 
31) 38.84 27,29 21.98 5.31 24.1)1 . 16 . .5~ H147 
40 21.44 30A2 23.39 7.03 5.04 2L7o.l- 78.25 
41 18.18 29.25 19.67 9.58 10.93 30.61 69.38 
42 7.62 29.32 17.47 lUi4 3.m :17.85 62.16 
43 5.96 28.93 14.53 l-U·() l.3~-1 47.50 52.50 
44 6.93 27.S3 12.69 1:f14 0.07. 52Jl) 47.92 
45 2.76 27.21 11.31 15.BY 0.00 56,47 43.53 
46 3.93 25.68 9.90 15.78 O.O() 60 II __ 39.88 
-1-7 3.99 24.89 ~.92 15.<.>7 0.00 61.87 38.13 
48 0.93 23.37 7.17 16,2U (1.00 (j~.Y5 .3l.05 
49 1.22 22.27 6.40 15.87 O.on 70.78 29.22 
50 0.18 22.D6 4.82 17.24 n.OD 7lU3 21.87 
51 0.50 22.02 4A3 17.59 0.00 79.55 20.45 
52 0.13 21.63 3.50 Un3 n,on 83.57 16.43 I 

Annual 1467.98 1571.27 545.38 1(125.90 922.53 308J.23 2116.88 J 
Seasonal 1398.28 492.36 389.46 102.90 9117.14 280,45 1519.57 J 
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Appendix C 16: Normal weekly water balance at Gandevi (1982-03) 
(A we:: 200 mm) 

fl Rainfall. ET AET, Deficit, Surplus, I 0.1 I 0/ Week fi, mm ., :/0 1110' :/0 

~ ___ ~m=m~~~~~~~rn~m~~ __ m~m~~~m=m=-_' __ ~~ __ r-~~~ 
1 (lAO 20 . .55 4.77 15.7& 0.00 75.98 24.01 

1-_ 2 0.66 20.12 4..+7 15.&5 G.OO 77.04 22.96 
3 0.2-+ 21.84 4.08 17.76 0.00 80.65 19.35 
4 n.on 22.52 3.(il 18.91 0.00 83.55 16.46 
5 0.00 22.61 3.28 19.33 0.00 85.27 14.73 I' (I ± (). on 23.77 . ....,,3"'-.(:-:;)\) __ -t---,2,,-;:O-,-,. 6:.c:8_t--_(=L 0.':-'(,,-) ---11---08""",°,-:,' 8",::-5 _T-"~13:-,-.1,,-;:4'--j 
7_._ _i!:.lli2__. 15,(;2 2.'15 22.67 0.00 88.35 11.63 

L t-\ I (UlI) 17.45 2.76 24.69 0.00 89.80 10.21 

~~ II.;, 1-:: H:: I ~~;~ - ~.~~ ~; ~~ ~ ~:: ~i;~ ~.~~ 
_t--0.11 30.52 2.12 28.40 0.00 92.98 7.02 

0.52 3165 2.37 31.2S 0.00 92.91 7.09 
t-----=. 0,00 34,77 1.63 33,1·~ (l.on 95.24 4.76 
I-- ]4 (un 35,81 2.19 3162 0.00 93.42 6,57 

15 0.00 37.65 1.25 36AO (),(lO 96.65 3.36 

22 5.27 40.76 },06 37.7\) __ 1----'-'0.""-0( ___ ) _t--~9...,.()"_'c.9~1_-r-~9.:..;;.O __ 9___i 
23 8Al 38.66 6.04 32,61 n.on 83.67 16.32 
24 76.75 3(),75 19.91 10.8-1- 15.67 N,03 65.96 

r--72)7· __ +-~12~7~.8~()~~2~9~.(~)2~ __ ~~2=().~473~ __ ~8=.s~~~,1_~5~(}.1=5 __ .r-~2~3~,9~3 __ r-~7~6=.O~8~ 
26 98.31 28.33 20.1) 1 7.-1·2 5 .. 1-.36 22.57 77.43 
27 123.23 29.31 22.g0 1.51 n,O{) 12.YO 87.10 
28 1-1-3.31 25,70 23.08 2,62 llO.().t. 8.66 91.34 

1---=.29~ 197.55 23.09 20.92 2.17 156.55 6,60 93.40 
30 127.K5 23.57 22.52 ].04 104,81 ),24 %.77 
31 107.18 22.32 22,19 0.14 77,0-1- O.GO 99,..1.0 
32 96,86 21.31 21.29 0.02 71.33 0.08 99.92 
33 100.29 22,28 22.21 0.08 73.12 0,33 99.68 
3-1- 59.66 22,93 22.70 0.23 40.47 fl. 95 99,06 
35 65.33 23.01 22.69 f),32 44.22 1.33 98.68 

·~~·~~~~·I---= 

36 49.30 24.85 23,S8 0.97 30,52 3.27 96.7] 
37 55.50 25.14 23.79 1.35 14.30 4.71 95.29 
38 42.48 26.28 24.23 2,1}.5 26.& 1 '7.0(J 1)3.00 __ 
39 51.92 2o.n 22.93 3.85 3Y.X7 I281J __ r-_S7.12 
40 9,54 2863 23.33 5.10 002 18.02 lH.9~ 

1--~~-+~~--+-~~--r-~'~-+--~~--r~~~~~~~4-~~~-~ 
41 18.13 26.89 20,55 6,34 8.tH 22.63 77.37 
42 1.97 26,93 17.99 8.94 (),()O 32.23 67.7.,Z---

1--~43~-+~2~.t~)4 __ +-~2~5=J~9 __ r-~I)~··733~+-_lO.()6 ~tl-~(~I'(~l()~~_~38~.7~3~4-~6~1.~26~)_ 
44 O.6(i 25)8 13A3 11.96 O.(l() 46.RS 53.12 
45 2,39 23,65 ll.S7 12,\)S f),I)O 50,05 -r- 49.95 
46 0,54 22.55 9.79 12.75 000 56.00 -r H.O() 
47 1.48 20.47 8,35 12.13 ___ ""tl,;:..:,.lH..;_) __ 1--...;_5.c;_9,.""'O(c....i 40.94 
48 0.07 20.01 7.02 }3,00 0.00 64.64 =i= 35.~G 

~~49~-+~0~.(~)O~+-~1=-8~.2~5 __ r-~5~.7~9 __ +-~1~2~.4~7~I--~o~.n~o~ __ ri ~6~8~.O~5 __ t-.~3~1~.9~~4~ 
50 0.00 17.99 5,22 12,77 0.00 70,80 29.19 
51 0.00 18.14 4.84 13.30 0.00 73,32 26.6B 
52 0.32 18.34 4.70 13.64 0.00 74,24 25.75 

Annual 1580.53 U37.Jl 563.82 873A8 1016.88 2896.75 23U3.26 

Seasonal 1541.33 468,97 385.85 83.12 {(HIS. OS 244.78 155:\.23 
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