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a b s t r a c t

We report structural, morphological, functional and dosimetric properties of strontium fluoride (SrF2)
nanophosphor synthesized by chemical co-precipitation method. The synthesized SrF2 nanophosphors
are annealed at different temperatures. Samples annealed at 700 �C are observed to show optimum
thermoluminescence and they are used for further processing. X-ray diffraction reveals a cubic structure
having crystallite size of ~21 nm for pristine samples and enhanced size after annealing treatment. Field
emission scanning electron microscopy (i.e. FESEM) reveals growth of uniform SrF2 nanophosphors with
increase in grain size for 700 �C which is in good agreement with the XRD result. In addition, we have
focused on dosimetric properties and have recorded very good results of thermoluminescence (TL) glow
curve, dose-response linearity, fading and trapping parameters etc. Based on the experimental results,
thermoluminescence glow curve is observed at a deeper side (i.e. 210 �C) and dose-response range is
achieved up to 1 kGy. Density of states obtained from density functional based calculations indicate
emergence of an extra state on introduction of vacancy point defect. The new state is found to be a result
of hybridization of F: d and Sr: s states, and F: p and Sr: d and f states for F and Sr vacancy defects
respectively. Therefore, virgin (without any doping) nanophosphors show potential as a powerful in-
dependent thermoluminescent dosimeter (TLD) with the vacancy defects playing a key role.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Solid fluoride materials have attracted much attention due to
their unique properties, viz. charge transport behavior [1], high
resistivity [2], low-energy phonons [3], radiation dosimetry [4,5],
scintillation properties [6], fluoride-ion batteries [7] etc. There are
numerous fluoride materials such as CaF2 [4], BaF2 [5], SrF2 [6], AlF3
[8], LiF [9] which have been investigated by researchers for their
specific applications. According to the literature survey, electronic
band gap of fluoride materials is on the insulating side i.e. greater
than 4.5 eV [10]. Further, defects due to dopants create states near
the band edges which make the material useful in the fields of
photoluminescence [11,12] and thermoluminescence (TL) dosim-
etry [13e15].

To measure the absorbed ionizing radiation, dosimetry is a well-
known tool and TL dosimetry is one special technique. Till date, there
are numerous reports where work is done in the field of TL dosim-
etry with their possible dose ranges of 0.1 Gy�10 kGy for LiF:Mg, Cu,
P [16,17], 0.1Gye1000 Gy for MgB4O7:Dy, Na [18], mGy e 1000 Gy for
CaF2:Dy [4,19], 3e200 cGy for Al2O3:C [20], 0.5 kGye20 kGy for
SnO2:Eu [21], 0.1 mGy e 1 kGy for Li2B4O7:Cu, Ag, P [22],
0.1 Gye5 kGy for CaSO4:Dy [23], 0.5 mGye1 kGy for BaSO4:Eu [24],
10 Gye3 kGy for CaNa2(SO4)2: Dy [25], 1 Gye3 kGy for BaF2:Ce [5],
1 Gy e 3 kGy for BaB4O7:Ce [26] and 1.55 kGye31 kGy for SnO2:Cu
[14] etc.

Actually, SrF2 is a promising scintillator material because of its
wide band gap, high radiation resistance, low photon energy and
low refraction index along with high mechanical strength [27e29].
Various works have already been reported in the field of TL for SrF2
with different dopants. TL properties for UV, b and gamma irradi-
ated Tm3þ, Tb3þ, Pr3þ and Nd3þ doped SrF2 crystal are available in
the literature [30]. Recently, Zahedifar et al. have studied the TL
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dosimetry effects for SrF2:Dy and Cu doped phosphors and have
achieved the dose range between 1 Gy and 10 kGy, but the glow
peak structure recorded by them was complex [31]. In another
work, Zahedifar et al. have optimized different dopant concentra-
tions and achieved the dose response of 20 mGy to 10 Gy for the
microcrystalline SrF2:Dy phosphor [32]. Consequently, the overall
literature survey suggests that doping plays a key role in the
development of dosimetric phosphors by creating interstitial defects
near the conduction band. We have made an attempt to explore the
undoped material exhibiting dosimetric properties, which is
missing in the literature.

W. Bollmann [33] has reported the loss of F� ions creating F�

vacancies on heating the annealed fluorite crystals from in-
vestigations of the absorption and ionic conductivity and the same
tendency we have tried to explain in the present work using DOS
plots. Soni et al. and Jibran et al. have investigated bulk SrF2
computationally, reporting its indirect band gap and the nature of
the bond to be ionic [34,35].

In the present article, we have studied post annealing effect for
SrF2 nanophosphors (NPs) which show highly sensitive TL prop-
erties better than those reported for doped SrF2. SrF2 NPs are pre-
pared by co-precipitation method and are characterized by X-ray
diffraction (XRD), Field Emission Scanning Electron Microscope
(FESEM), and Raman Spectroscopy. The dosimetric properties are
measured by Nucleonix TL reader at the temperature of 400 �C.

2. Experimental procedure

2.1. Sample preparation

In the present work, following reaction is used to synthesize the
SrF2 NPs using chemical co-precipitation method:

SrCl2 þ 2NH4F / SrF2 þ 2NH4Cl (1)

We have used HPLC India Pvt. Ltd. make two AR graded chem-
icals viz. strontium chloride powder (3.9128 gm) having purity
greater than 99% and ammonium fluoride powder (1.0871 gm)with
98% purity. 20 ml distilled water is added to a beaker containing
SrCl2 powder and is continuously stirred for 5 min. Same process is
repeated with the second reactant i.e., NH4F powder with 30 ml
distilled water. After continuous stirring, NH4F solution is added
drop by drop to SrCl2 solution (drop rate of 1drop/5 s is used). After
adding the entire ammonium fluoride solution to strontium chlo-
ride solution, 20 ml ethanol is added with continuous stirring. We
have used ethanol as it is more volatile and does not react with
reactants. Moreover, ethanol enhances the solubility and allows
more interaction between the molecules of the two reagents.
Subsequently, the final mixture is filtered out using filter paper
(Whatman filter paper Grade number 40) along with several
washing by ethanol-distilled water so that the byproducts gener-
ated in the reaction could be eliminated. Wet precipitate of SrF2
thus formed, is dried in oven for 1 h at 120 �C and is finally crushed
using pestle mortar. We have used Indian made muffle furnace for
annealing of SrF2 powder. The annealing range used is
300 �Ce800 �C for a time period of 1 h (heating rate ¼ 10 �C/min)
under ambient conditions. For the annealing of the samples, we
have used alumina ceramic crucible inside the muffle furnace.

2.2. Characterization

The New-Tech electrical Muffle Furnace is used for annealing of
the samples during optimization up to 800 �C. The synthesized
powder is characterized using X-Ray diffractometer (XRD) tech-
nique with Bruker-AXS D8 Advanced model for structural

confirmation. Raman spectrum is recorded on a Renishaw in via
laser using 532 nm HeeNe laser and UVeVisible spectra is studied
using the JASCO V-670 UVeVisible spectrophotometer. The dosi-
metric properties for SrF2 NPs are studied by the Nucleonix TL
reader (1009I). For dosimetric properties, all the NPs are irradiated
using 60Co gamma chamber for different doses of gamma rays (dose
rate 1 Gy/min). For all the exposures the weight of powdered
nanophosphor is kept constant at 5 mg. The technical parameters,
viz. data recording range (room temperature to 400 �C), heating
rate of the kanthal strip (5 �C/s) and the voltage (750 V), have been
kept constant during the entire TL measurement.

2.3. Computational details

The theoretical study is carried out using density functional
theory [36,37] with generalized gradient approximation (GGA).
Quantum espresso (QE) package [38] based on projector
augmented wave (PAW) method [39] with plane wave basis set is
used. Perdew-Burke-Ernzerhof (PBE) functional [40] has been used
to describe exchange-correlation energy (Exc). The unit cell of SrF2
consists of four primitive cells with twelve atoms (four Sr and eight
F atoms). A 2 � 2 � 2 supercell is used with a total of 96 atoms for
vacancy studies. 4 � 4 � 4 k-mesh is used for the calculations with
kinetic energy cutoff of 70 Ry for the planewaves used. The vacancy
calculations are performed by removing one Sr or F atom from the
supercell which gives a defect concentration of ~1% in the structure.

3. Results and discussion

3.1. X-ray diffraction

XRD spectra of SrF2 pristine and annealed (at 700 �C) NPs are
shown in Fig. 1. The crystallite size is determined using Scherer’s
formula and the average crystallite size is found to be 21 nm for
pristine and 59 nm for annealed samples. XRD results show the
(hkl) planes at (111), (200), (220), (311), (222), (400), (331), (420),
(422), and (511) confirming the cubic structure with face centered
cubic (FCC) geometry i.e. SrF2 NPs formed have FCC structure. Due
to annealing treatment, full width at half maxima (i.e. FWHM) of
the ‘hkl’ peaks has decreased with shifting of 2q towards lower
angle by approximately 0.3� (inset image). It may have happened
due to the change in lattice parameters i.e. cell expansion or due to
the change in the value of strain which can be defined in terms of
the change in 2q values. For more clarification regarding the strain

Fig. 1. X - ray diffraction spectra of (a) pristine SrF2 (without annealing) and (b) SrF2
annealed at 700 �C.
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alteration, crystal refinement is calculated following ref. [41], and
the broadening of XRD peak due to micro strain is given by.

bs ¼ 4 ε tanq (2)

where bs ¼ Broadening due to strain, ε ¼ Strain, and q ¼ XRD peak
position in radians.

Combining with the well-known Scherrer equation, we have

b¼ 0:9 l

Dcosq
þ 4εtanq (3)

Or,

bcosq¼ 4ðεsinqÞ þ 0:9 l

D
(4)

Equation (4) represents the uniform deformation model (i.e.
UDM) [42] where plots of bcosq vs. 4ðsinqÞ represent a straight line,
in which ε is the gradient (i.e. slope) of the line and 0:9 l

D is the y-
intercept. The WeH plots for our data are as shown in Fig. 2. In
UDM, the crystal is considered as isotropic in nature and it is ex-
pected that the properties of sample are independent of the di-
rection along which they are measured [42,43]. Hence, stress is
same in all crystallographic directions and from the shift in the XRD
peaks it is clear that there is a change in the lattice strain with the
annealing treatment. The plots of bcosq vs. 4ðsinqÞ (within UDM) for
pristine and annealed NPs (at 700 �C) of SrF2 are shown in Fig. 2 and
are used to determine strain size of crystals from there intercepts
and slope, respectively.

3.2. Structure

SrF2 has been reported to exist in FCC structure in the literature
and in our experimental findings as well. Experimentally the XRD
peaks are compared and are found to be coinciding with those from
JCPDS card number 06-0262. The lattice parameter a ¼ 5.8 Å,
calculated from the XRD data, is used to compute the electronic
structure using density functional method. The unit cell has four Sr
atoms and eight F atoms with cubic geometry and tetrahedral

coordination occupying the space group 225 (Fm-3m) as shown in
Fig. 3. The green and peach colored spheres represent the Sr and F
atoms respectively. The Sr atoms occupy the (0, 0, 0) position while
the F atoms occupy the (0.25, 0.25, 0.25) and (0.25, 0.25, 0.75)
positions.

3.3. Raman Spectroscopy

The Raman spectra of the pristine and 700 �C annealed SrF2
samples are shown in Fig. 4. Both the spectra show the only Raman
band present at 285 cm�1. This 285 cm�1 band is attributed to the
symmetric-stretch of the fluorine atoms over the cations, and is
well illustrated by a single Lorentzian. There are no changes
observed in this peak position after the annealing except a change
in the peak height. After the annealing treatment, a number of
factors may lead to the changes in Raman peak intensity. In our
case, the mode belongs to single crystalline lattice, hence increase
in the intensity means that crystallinity has increased; the size of
crystallites has grown. This result corroborates with the XRD result.

3.4. FESEM

Field emission scanning electron microscopy (FESEM) is one of
the characterization techniques used to study the topographic de-
tails of the sample surface. Pristine sample of SrF2 nanophosphor
shows average particle size of ~30e40 nm while average size for
700 �C annealed samples is found to be ~70e90 nmwhich is clearly
observed in the histogram, as shown in Fig. 5. Thus, increase in the
particle size is observed after annealing. Annealing of any solid
state crystalline material to sufficient high temperatures will
enable Ostwald ripening, i.e. larger grains grow bigger at the
expense of smaller grains. In present study, after the annealing
treatment of SrF2 at 700 �C, the rate limiting factors are diffusion
oriented. Hence, grain growth typically varies exponentially with
temperature and therefore, particles get agglomerated, resulting in
increased particle size.

3.5. Thermoluminescence properties

3.5.1. TL sensitivity optimization
The TL sensitivity of SrF2 NPs is optimized by annealing

Fig. 2. The WeH analysis of (a) pristine (without annealing) and (b) annealed (at
700 �C) SrF2 NPs. Fig. 3. Unit cell of SrF2.
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treatment at different temperatures ranging from room tempera-
ture (RT) to 800 �C as shown in Fig. 6. The possible reason for high
sensitivity is the difference in surface to volume ratio. Moreover,
the traps created due to radiation exposure may be located on the
surface; hence, the production of such traps will be more for a
particular exposure as compared to that of a large sized NP. Surface
to volume ratio changes with the change in size of the sample and
therefore, the microcrystalline TL phosphors shows very strong
sensitivity but short dose range than the nanocrystalline materials
[44]. However, there are different possibilities that may happen due
to annealing effect such as increased particle size and crystallinity,
phase transition, agglomeration - complex formations etc. as seen
in the present case of samples annealed at 700 �C. On the other
hand, the population of trapping centers (i.e. defects) has increased
near the conduction band with the annealing effect of SrF2. Such

enhancement of defects has been reported earlier [45,46].

3.5.2. Glow curve and dose response
Fig. 7 shows the TL glow curve of SrF2 NPs annealed at 700 �C

exposed to 60Co gamma rays with different dose ranges. The TL
glow curve has linearly increased with increasing doses from 1 Gy
to 1 kGy of gamma rays. It means the trapping centers are linearly
occupied by stimulated electrons by the irradiation effect and are
released with the help of heat. Hence, during the process of elec-
tron releasing from trapping centers via conduction band, we have
noticed twomerged humps in single glow peak at 121 �C and 210 �C
respectively. Moreover, 210 �C glow curve indicates the dosimetric
peak arising from deep trap levels. If the dosimetric traps are
completely filled by stimulated electrons, no vacancies are avail-
able, and therefore, further stimulated electrons are overlapped
and get saturated as shown in Fig. 8 (further the 1 kGy saturation is
obtained). The dose response of SrF2 NPs (annealed at 700 �C) for
60Co gamma rays is shown in Fig. 8. In this case, area under the glow
curve of the entire glow peak is used for measuring the TL counts.
Intensity of the glow curve increases with increase in the dose
because of generation of large number of traps and subsequent
filling due to increase in the gamma doses. These traps liberate
their charge during thermal process, giving rise to different glow
peaks. A significant property of a TL dosimeter material is to reveal
a linear relation between TL intensity and absorbed dose.

3.5.3. Glow curve deconvolution
The SrF2 irradiated samples are quite easy to analyze by peak

fitting method. Using the experimental curve, the theoretical curve
is fitted by the glow curve deconvolution Spreadsheet software [47]
and for that purpose Kitis equation is used [48]. The benefit of using

Fig. 4. Raman Spectra of SrF2 - pristine sample and one annealed at 700 �C.

Fig. 5. The morphological images of (a) pristine SrF2 and (b) SrF2 annealed at 700 �C.
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Kitis curve fitting functions is that most of the parameters are
derived from the experimental glow curves which become more
consistent than the tested values. Kitis has used very simple deri-
vations of the functions and it confirms the 1st order, 2nd order and
general order of kinetics TL curve fitting. Using the 1st order, the
2nd order and the general order equations, the curve fitting has
been carried out and the following equations are used for curve
fitting:

1st order:

IðTÞ¼ Imexp

"
1þ E

kT
T� Tm
Tm

� T2

T2m
exp

�
E
kT

T� Tm
Tm

�

�
�
1�2kTm

E

�
� 2kTm

E

#
(6)

2nd order:

IðTÞ¼4Im exp
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The general order:

IðTÞ¼ Imb

�
b
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�
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(8)

where, I(T)¼ TL intensity at temperature T (K), Im¼maximumpeak
intensity, Tm ¼ temperature corresponding to maximum peak in-
tensity Im, E ¼ trap depth or the thermal activation energy (eV)
needed to free the trapped electrons, b ¼ order of kinetics, and
k ¼ Boltzmann’s constant (8.6 � 10�5 eVK�1).

Figure of Merit (FOM) is the error function or a simple “chi-
square”. The “best fit” is taken at which the error function con-
verges to a minimum [49].

FOM¼
XJi
Jf

��Yj � Y
�
Xj
���

A
� 100 (9)

where Ji ¼ initial temperature in the fit region, Jf ¼ final or ending
temperature in the fit region, Yj ¼ PMT tubes current at tempera-
ture j, Y(Xj) ¼ Value of the function at channel j and A ¼ area under
the peak, i.e., integral of the fit function between Ji and Jf.

The TL glow curve for SrF2 NPs irradiated to 1 kGy of 60Co
gamma rays and deconvoluted by Kitis equation are shown in Fig. 9.
We get four glow peaks, indicating four trapping levels. GCD fitting
parameters have been consolidated in Table 1.

Fig. 6. Optimization of TL sensitivity vs. annealing temperature for SrF2 NPs.

Fig. 7. TL glow curve of SrF2 (annealed at 700 �C) NP irradiated at different doses of
60Co gamma rays.

Fig. 8. TL dose response of SrF2 (annealed at 700 �C) NP irradiated with g-rays at
different dose rates.

Fig. 9. Deconvoluted thermoluminescence glow curve of SrF2 (annealed at 700 �C).
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3.5.4. Fading and reproducibility
TL fading curve of SrF2 NPs (annealed at 700 �C) recorded for

different storage times are shown in Fig. 10 (a). Generally, fading is a
technique tomeasure radiation loss in terms of absorption dosewith
respect to time. The samples are stored for a long period of time in
the atmospheric weather condition and then the data are recorded
step by step. The fading curve shows rapid variation up to 5 days and
then stabilizes with time. Approximately 4.66% fading over 2months
is recorded for 1 kGy gamma irradiated nanophosphor.

For a better thermoluminescence dosimetry (TLD) material,
nature of consistency of phosphor materials is necessary, therefore
we have examined a seven times repeated cycle (shown in Fig. 10
(b)) which indicates excellent reproducibility. Each time we have
used a 5 mg phosphor sample for irradiation by gamma rays and
have further measured its TL counts repeatedly. After the TL mea-
surements, the phosphor material loses all the electrons from the
trapping centers to recombination centers (hole pairs), and returns
to its primary ground state.

3.6. Electronic structure and density of states

Pristine SrF2 shows a band gap of 3.6 eV between the valence
band maximum and the conduction band minimum. Fig. 11 (a)
shows the density of states (DOS) plot of pristine SrF2 depicting its
insulating behavior. Also, it shows the site projected DOS revealing
the contribution from Sr and F atoms. It can be clearly seen that the
valence band edge consists of p states of F atoms and the conduc-
tion band edge mainly comprises of s states of Sr atoms. Vacancy
defect calculations at different sites of F atoms give similar results
as the resulting structure belongs to the same point group. Similar
trend is observed for Sr vacancies as well. From Fig.11 (b) and 11 (c),
it is observed that the nature of the DOS is significantly changed
with the introduction of the vacancies.

Firstly, Fig. 11 (b) depicts the addition of a new state at the Fermi
level, next to the valence band top edge. The new state changes the
nature of SrF2 from insulating to conducting. The extra state is the

result of hybridization of F: p and Sr: d and f states at the Fermi level.
These contributions are observed only from the atoms nearest to
the defect site. The contribution to the new state reduces as we
move away from the defect site and vanishes for the farthest atoms.
Secondly, the F vacancy results are seen in Fig. 11 (c) which shows
an isolated state emerging from the hybridization of F: d and Sr: s
states contributed by the nearest atoms of the defect site, as
observed in the Sr vacancy results.

On comparing the DOS plots in panels (a), (b) and (c) of Fig. 11, it
can be concluded that the vacancy defect introduces an extra state
between the valence and conduction band. The Sr vacancy places
the newly emerged state next to the valence band while F vacancy
places it towards the conduction band.

4. Conclusions

Strontium fluoride nanophosphors are synthesized by simple
co-precipitation method and optimized for thermoluminescence
by annealing at 700 �C to study the vacancy defects for dosimetric
purposes. XRD spectra of pristine and 700 �C annealed SrF2 nano-
phosphors show the crystallite sizes of around 21 nm and 59 nm
respectively. The results of FESEM for pristine sample show lower
particle size than annealed sample and the results are in corrobo-
ration with XRD and Raman data. It can be deduced that the
increased annealing temperature causes the crystallinity of SrF2 to
enhance and has been studied in the present work. The Raman
spectrum shows a single Raman band to be present at 285 cm�1.
This band is due to the symmetric stretch of the fluorine atoms
around the cation. TL glow curve shows a peak at 211 �C resulting in
formation of deeper trapping centers and the dose response curve
shows linear response over dose range 1 Gy to 1 kGy. The vacancy
defects result in the trap centers as observed in the DOS plots.

We have successfully shown experimentally that pure SrF2
nanophosphors, without any doping, after annealing and optimi-
zation show excellent TLD behavior. Deconvolution of the TL glow
curve for SrF2 NPs irradiated to 1 kGy of 60Co gamma rays by Kitis

Table 1
The data of SrF2 NPs and calculated parameters.

Sample name Peak Peak Temp. Tm (�C) Order of Kinetics (b) Trap Depth E(eV) FOM (%)

SrF2 (1 kGy) P1 118 1.35 0.79 0.6
P2 173 1.20 0.905
P3 210 1.62 1.11
P4 235 1.57 1.19

Fig. 10. The data of (a) Fading and (b) Reproducibility of SrF2 NPs (annealed at 700 �C).
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equation identified four glow peaks and identified the trapping
centers. Density functional calculations have shown that vacancy
type defects may be responsible for formation of the trapping
centers near the valence and conduction band edges. To conclude,
we can use this nanophosphor material for medical dosimetry as
well as for high gamma dosimetry.
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ABSTRACT: 

Climate plays an important role in the development of any region. Rainfall and temperature are the two important climatic 

factors which determine the climatic condition of any place.  Ahmednagar district is a drought-prone area and it is 

situated in the central part of Maharashtra state. Intergovernmental Panel on Climate Change (IPCC, [5]) reports, 

frequency of droughts as well as extreme events will be increase and rainfall pattern will also change which is a key factor 

influencing economic growth of the regions, especially in the country like India where the 70 percent people are directly or 

indirectly depends on agriculture. But agriculture is hanging on Monsoon, erratic in nature. It also has great variations in 

spatiotemporally, those fluctuations extremely damaging agriculture, food security, health and many more. Therefore, the 

present study has been conducted in order to help farmers, researchers, economists, and policymakers to make fast 

decisions for better planning propose with variations of rainfall. 

Key words: - Climate, Rainfall distribution, Variability. 

 

INTRODUCTION:  

Climate plays an important role in determining 

the agricultural, industrial and economic growth 

of any region. Climate includes factors like 

Temperature, Rainfall, Pressure, Wind, Humidity, 

Precipitation, etc. Temperature and Rainfall are 

the most important factors which directly affect 

the climate condition of any region. There is a 

slow and steady increase in the temperature 

which has a direct impact on rainfall. Rainfall is 

the cheapest source of water provided it is timely 

and adequate in quantity. But rainfall in the 

greater part of India is uncertain and highly 

unevenly distributed. Rainfall is the major 

parameter influencing the agriculture activity of 

man. In India agricultural economy entirely 

depends on the amount of rainfall received during 

monsoon season. Rainfall is the dominant single 

weather element influencing the intensity and 

location of the farming system and the farmer's 

choice of enterprise. It also becomes a climatic 

hazard to farming when it is characterized by 

scantiness, concentration, intensity, variability, 

and unreliability. 

        Such a study would help in the selection of 

crops and in short-range weather forecasting. In 

order to obtain an optimum yield from 

agriculture, it requires proper knowledge about 

the agro-climatic situation that helps for cropping 

patterns and crop management. 

STUDY AREA: 

The present study deals with the geographical 

perspectives of the rainfall distribution in 

Ahmednagar district. Ahmednagar is the largest 

district of Maharashtra State with a geographical 

area of 17418 sq. km. which is 5.66% of the area 

of Maharashtra State. It lies between 18° 2' to 19° 

9' N latitude and 73° 9' to 75° 5' E longitude with 

covering 14 tehsils. The population of district is 

4543157 (2011) and Out of total workers 75. 42% 

are engaged in agriculture. The district has 

1256500 ha Net Cropped Area (NCA) out of 

330000 ha area (26.27 %) is under canal and well 

 

http://www.ijrbat.in/
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irrigation and remaining about 926500 ha. (73.73 

%) the area is rain-fed.  

            Therefore, agricultural operations mainly 

depend on south-west Monsoon, but rainfall in 

the district is highly erratic. The average annual 

rainfall in the district is 447 mm (2017). The 

climate of the district is hot and dry, the average 

of temperature 90c to 410c. The district is mostly 

in the rain shadow region to the east of Western 

Ghats. From the western border of the district, 

the rainfall decreases rapidly towards the east. 

About 77% of the annual rainfall in the district is 

received during the south-west monsoon season, 

September is the rainiest month and remaining 

months receiving unevenly with showing monthly 

as well as annual rainfall variability. 

OBJECTIVES:   

Present paper has an attempt to make an 

assessment of the rainfall variability of 

Ahmednagar District and to identify the assured 

rainfall zone in the study region. 

DATABASE AND METHODOLGY: 

The study is based on the rainfall data collected 

from Indian Meteorological Department for 

twenty-five years, for the period 1993 to 2017. For 

the data analysis following formula has used. 

Presentation of result chloroplasts cartographic 

method is used. CV = Coefficient of variability of 

rainfall, SD = Standard deviation of rainfall, X = 

Mean of rainfall 

         C. V.   % =
SD

x
× 100                        

  

CV = Coefficient of variability of rainfall, SD = 

Standard deviation of rainfall, X = Mean of 

rainfall. 

The present study is based on secondary data. 

Secondary data will be collected from social 

economic review, district census handbook of 

Ahmednagar district. The data has been obtained 

from the related articles, research papers, reports, 

policies and plan documents of Government of 

India and Maharashtra. Some data has been 

obtained from websites of Govt. of India and Govt. 

of Maharashtra, Ahmednagar, Nic. in, was 

undertaken to know the environmental status. 

The rainfall data for 14 stations in and around the 

study area were collected and analysised. Rainfall 

conditions were studied season wise and Annual 

Rainfall was computed and used to draw the 

maps. 

RESULTS AND DISCUSSION: 

Table No. 1 indicates the mean annual rainfall of 

the study region. The present study analyzed 

rainfall conditions of Ahmednagar district and 

demarked district in low, medium and high 

rainfall zones. Coefficient of Variation (CV) has 

been calculated, it was highly variable running 

between 23.93 to 40.43 percent during 1993 to 

2017. There are 14 rain gauge stations located in 

different places in the study area, and these 

stations measure the precipitation throughout the 

year. The lowest rainfall (below 500 mm) observed 

in most parts of Shirampur, Nevasa, Shrigonda, 

Parner, Sangamner, and Kopargaon tehsil   Due 

to the scarcity of water most of sectors are 

affecting especially agriculture. Medium rainfall 

(500 – 600 mm.) zone covers a large area 

including Nagar, Rahuri, Shevgaon, Pathardi, 

Karjat, and Rahata tehsil. Akole and Jamkhed 

tahsil has experienced high rainfall (above 600 

mm) but a concentration of rainfall within only 

South-West Monsoon while reaming months is 

hot and dry, is creating a water scarcity problem. 

(Map No. 2). 

RAINFALL DISTRIBUTION: 

                The distribution of rainfall in 

Ahmednagar district is uneven, therefore the 

coefficient of variation (CV) is also varied (Fig.2). 
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The coefficient of variation (CV) is defined as the 

ratio of the standard deviation to the mean. The 

coefficient of variation has been calculated, it 

running between 23.93percent to 42.43 percent 

from 1993 to 2017. The highest variations in 

rainfall were observed in Akole tahsil (42.43 %), 

that clearly shows that trends and the pattern of 

rainfall are highly changing during the last 25 

years, damaging the agriculture, health, business; 

the lowest variations was observed in  Nevasa 

tehsil (23.93%). Study also shows that one tahsil 

covered by ‘high’, three tahsil is ‘medium’ and ten 

tehsils is ‘low’ variation.   

CONCLUSION: 

              Mean annual rainfall and variability of 

rainfall is not uniform in all parts of the 

Ahmednagar District. Jamkhed Tehsil received 

the highest (621mm) mean annual rainfall; 

whereas Kopargaon tehsil has received the lowest 

(428mm) mean annual rainfall. Rainfall variability 

affected agriculture practices in Ahmednagar 

District. There is a need for artificial water supply 

for agriculture development and increase 

agriculture production. 
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Table No. 1 Tehsil wise mean annual rainfall and variability of rainfall of Ahmednagar district 1993-

2017 
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1993 655 548 566 447 519 720 823 651 496 696 636.3 435 408 NA 

1994 531 455 464 531 585 572 583 493 359 487 510 417 440 NA 

1995 372 642 508 664 363 533 570 498 460 259 374 290 321 NA 

1996 710 555 611 623 782 932 922 514 497 656 620 566 537 NA 

1997 347 345 312 312 226 448 427 328 531 361 587 402 290 NA 

1998 730 585 819 681 780 1095 1070 920 610 702 814.5 489 582 NA 

1999 479 581 315 461 366 360 409 405 571 245 403 348 384 NA 

2000 580 587 354 516 531 471 661 400 392 456 439 528 428 525 

2001 380 358 341 312 349 332 333 495 352 384 473 337 360 413 

2002 394 302 391 305 449 502 561 436 334 438 445 459 366 385 

2003 199 299 313 219 320 476 460 281 87 190 489 380 280 249 

2004 518 509 485 508 715 595 570 565 527 695 1074 570 428 490 

2005 491 465 541 479 464 451 634 606 484 524 1080 518 396 588 

2006 798 777 745 629 703 751 906 746 505 843 1090 576 557 690 

2007 631 656 583 391 450 488 628 401 675 388 913 478 587 523 

2008 648 651 503 591 473 625 715 763 448 388 1006 487 401 385 

2009 563 551 485 456 633 620 615 710 499 464 549 329 333 337 

2010 791 866 853 860 824 932 770 729 710 604 829 572 644 814 

2011 374 589 636 474 741 614 712 413 326 368 500 240 455 395 

2012 648 496 402 408 513 503 548 225 276 250 248 245 258 345 

2013 767 378 413 504 501 489 690 563 668 622 544 676 777 682 

2014 733 392 373 491 322 337 327 429 379 414 176 344 268 464 

2015 437 360 383 383 415 469 510 490 460 419 409 308 351 567 

2016 437 360 383 383 415 469 510 490 460 419 409 308 351 567 

2017 494 417 440 440 470 531 563 550 524 480 474 449 505 626 

X 548 509 489 483 516 573 621 524 465 470 604 430 428 502 

S,D(6) 156.8 143.2 149.1 137.1 161.2 184.3 176.8 159.0 133.6 161.0 256.3 113.8 125.4 141.7 

C. V. 28.61 28.13 28.39 23.93 28.13 32.16 28.47 30.34 28.73 34.25 42.43 26.46 29.30 28.23 

                     Source: Metrological Department computed by Author 
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IMPACTANALYSIS OF „JALUKTA SHIVAR‟ SCHEME: A CASE 

STUDY OF CHAS VILLAGEIN AHMEDNAGAR DISTRICT 

 Dattatray Sheshrao Ghungarde* 

Dr. Jyotiram C. More** 

 

The Maharashtra government has launched a water conservation scheme named Jalukta 

Shivar Abhiyan to make Maharashtra a drought-free state by 2019. The key aim of Jalukta Shivar 

Abhiyan is to establish a belief in farmer that “every drop of rainwater is owned by me and it 

should percolate in my land”. 

 „Jalukta Shivar Abhiyan‟ aims to bring water empowerment to 25,000 drought-affected 

villages in Maharashtra within next five years. The scheme has been going strong with villages 

building infrastructure in terms of public participation. The project involves deepening and 

widening of streams, construction of cement and earthen stop dams, work on nalla‟s and digging of 

farm ponds.
[1]

 

The present research paper attempts to review the work done for water conservation 

through „Jalukta Shivar Abhiyan‟ scheme and its impact on agricultural development in Chas 

village. The scheme found to have significant impact on Runoff retardation by 916.28 T.C.M. after 

implementation of „Jalukta Shivar‟ scheme in the village.  It also has significant impact of the 

scheme on Agricultural development of Chas village by Increasing NSA by 2.43% and also 

increment in ground water level by 6 meter for well and 25 meter for bore well.  

Keywords: Jalukta Shivar Abhiyan, Earthen stop dams, Agricultural development 

 

 Introduction: 

Irregular and discontinuous rainfall 

during crop growth has led to continuous 

scarcity- conditions in Maharashtra. The last 

few years have seen a huge impact of these 

conditions on the agricultural sector. The 

Rainfedcrop production is showing significant 

fluctuations. This situation is mainly due to 

scarcity of water.The various measures under 

water conservation can definitely be planned 

and implemented to make water available for 

drinking and sustainable agriculture. To 

overcome this scarcity situation, the 

government of Maharashtra has launched a 

water conservation scheme named ‗Jalukta 

Shivar Abhiyan‘ (JSA) in 2015.The slogan 

‗Water for all-Drought free Maharashtra 2019‘ 

has been well announced by this scheme. 

Various comprehensive watershed development 

works were done under this scheme.
[2]

 

The drought stricken village Chas was 

selected in the year 2015 under this scheme. 

The village is situated on Nagar-Pune state 

highway (SH-27). The present research paper 

attempts to review the work done under 

‗Jalukta Shivar Abhiyan‘ scheme and its impact 

*Assistant Professor, Dept. of Geography,  New Arts, Commerce & Science College, Parner, Dist.: Ahmednagar 

**Head, Dept. of Geography, BJS College, Wagholi, Pune 
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on agricultural development in this village.  

 Objectives:  

The main objectives of present research 

paper are; 

1. To review of works done under ‗Jalukta 

Shivar Abhiyan‘ scheme in the Chas 

village. 

2. To assess the impact of water 

conservation on General Landuse and 

Groundwater levels.  

 Database and Methodology: 

To fulfil the above objectives, data has 

been collected from various primary and 

secondary sources. The primary data is 

collected through field survey. The secondary 

data is obtained from various sources viz, 

Agricultural department of Ahmednagar tehsil, 

Village Krushi sahayyak and Talathi office etc.  

On the basis of the statistical data 

extracted from the sources referred of Chas 

village, the comparative study has been carried 

out before and after implementation of the 

scheme. The collected data has been processed, 

tabulated and prepared graphs for the purpose 

of analysis. 

 Study area: 

Chas village is located in Nagar tehsil of 

Ahmednagar district, Maharashtra. The village 

is situated on Nagar-Pune state highway (SH-

27) and 12 km away from Ahmednagar district 

headquarters. The Geographical location of the 

villageis19° 1' 59'' Nlatitude and 74° 38' 54'' E 

longitudes. The village has average elevation of 

546 m from mean sea level. It lies on the bank 

of Mendka river which is tributary of Sina 

river. The total geographical area of the village 

is 2257.44 hect which is 1.42% of tehsilsland. 

The village receives an average annual rainfall 

of 533 mm. The minimum and maximum 

temperature ranges between 14
0
Cto44

0
 C. 

The village has population of 4610 

persons of which 2391 are males while 2219 

are females as per Population Census 2011. The 

Sex Ratio of village is 928 ‗F/1000 M‘, which 

is lower than Maharashtra state average of 929 

‗F/1000 M‘.
[3]

 

 

 

 

Figure No. 1: Location map of study area 

 Result and Discussion: 

1. Water Conservation works carried 

out under JSA Scheme: 

The drought prone village Chas was 

selected in the year 2015 under the ‗Jalukta 
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Shivar‘ scheme. The table (Table No. 1) 

represents the completed water conservation 

works before as well as after implementation of 

this scheme in the village. It also shows the 

retarded runoff by respective water 

conservation work in thousand cubic meter 

(T.C.M.). 

Table No. 1: Water Conservation works and respective retarded runoff before and 

implementation of JSA Scheme 

Sr. No. Type of Work 

Before JSA Scheme After JSA Scheme Increment 

in 

Retardation 

of Runoff 

(T.C.M) 

Number 

Retarded 

Runoff 

(T.C.M) 

Number 

Retarded 

Runoff 

(T.C.M) 

1 
Continuous Contour 

Trenches 
83 12.90 83 12.90 N.C 

2 Earthen Nala Bund 60 10 62 150 +100 

3 Cement Nala Bund 6 24 11 129 +105 

4 
Compartment 

Bunding 
95 28.50 81992 519.88 +491.38 

5 Farm-ponds 18 2.70 23 12.70 +10 

6 Mud removal work 0 0 2 2.80 +2.80 

7 Recharging of wells 0 0 2 1.60 +1.60 

8 
Repairing of K T 

weirs 
0 0 1 40.5 +40.5 

9 
Repairing of village 

lake 
5 325 5 450 +125 

Total 267 403.1 82181 1319.38 +916.28 

 (Source: Compiled by researcher based on Secondary data)

 From the table (Table No. 1), it is 

observed that total eight types of work were 

carried out during the course of „Jalukta 

Shivar‟ Scheme in the village. The Mud 

removal work, recharging of wells and 

repairing of K T weirs are newly introduced 

works under this scheme. 

 Two types of Nala bunds were 

constructed in Chas village depending upon the 

type of material used for the construction work, 

viz, Earthen Nala Bund and Cement Nala Bund. 

Before JSA scheme, the Earthen bunds were 60 

in number, which then increased to 62 while 

Cement bunds were 6, which then increased to 

11 in number after JSA scheme. The retarded 

runoff by these bunds is increased by 

205T.C.M. 

 The Compartment bunding is a major 

work carried out under this scheme. They are 

81,992 in number after implementation of JSA 

scheme, while before JSA there were only 95 in 

number. The highest amount of water (519.88 

T.C.M.) is retarded by this structure in Chas 

village. The Farm-ponds under this scheme are 

the water harvesting structures constructed on 

the lower side of the farm to collect runoff 

water. The constructed farm ponds are 

increased from 18 to 23 after implementation of 

JSA scheme, while the retarded runoff is 

increased by 10 T.C.M. As discussed earlier, 

the Mud removal work, recharging of wells and 

repairing of K T weirs are the three newly 

introduced works under this scheme with 

retarded runoff of 2.80, 1.60 and 40.5 T.C.M. 

respectively.  
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 The five village lakes are repaired under 

JSA scheme which contributed in runoff 

increment of 125 T.C.M. in the village. As a 

result, it is recorded that there is increment in 

Runoff retardation by 916.28 T.C.M. after 

implementation of ‗Jalukta Shivar‘ scheme in 

the village.  

2. Impact of JSA Schemeon General 

Landuse: 

Agriculture is the main occupation of 

the people of Chas village. The table (Table 

No. 2) and figure (Figure No. 2) shows the 

detailed land use pattern of the Ahmednagar 

district before as well as after implementation 

of JSA scheme. 

 The total geographical area of the Chas 

village is 2557.44 hect. It is recorded that, there 

is absence of forest cover in Chas village.  

 

Figure No. 2: Impact of JSA Scheme on General Landuse in Chas village

 

I. Land not available for cultivation: 

The land not available for cultivation is 

may be described as non-cultivable land. It 

includes two types of land namely barren and 

uncultivable land i.e. land of rock, small sand 

mountains, etc. Area under non-agricultural 

uses i.e. land under settlement, roads, streams, 

etc. It reveals that area under this type of 

landbefore JSA scheme was 125.6 hect out of 

the total geographical area. While after 

implementation of JSA scheme, it is a recorded 

as 152.65 hect. It is increased by 21.54% per 

cent. This indicates expansion of settlement, 

transport etc., due to increasing population and 

infrastructure facilities. 

 

II. Cultivable Waste Land: 

Cultivable waste land includes (i) 

permanent pasture and grazing land (ii) 

miscellaneous, trees, crops and groves not 

included in the net sown area. This category of 

land accounted 18.1 hect. in the village before 

and 12.44 hect after JSA scheme. During the 

period of JSA scheme, it has decreased by 

31.27%.  It shows the impact of JSA, which 

shows that Cultivable waste land comes under 

cultivation.  

 

III. Fallow Land: 

Fallow lands are divided into two sub 

types, 1.Current fallow land - means the land 

fallow during the current years.2. Other fallow 

0 0 

24.54 

-31.27 
-40.91 

4.52 

-50

-40

-30

-20

-10

0

10

20

30

Village
Geographical

Area

Forest Area Land not
available for
Cultivation

Cultivable
Waste Land

Fallow Land Net Sown
Area

C
H

A
N

G
E 

IN
 %

 

GEOGRAPHICAL CATEGORY 

IMPACT OF JSA SCHEME ON GENERAL 

LANDUSE IN CHAS VILLAGE 



5 

land means the land kept uncultivated one year 

to five years due to some problems. 

Before implementation of JSA scheme, 

the fallow land in Chas village was 287.34 hect. 

and it is decreased up 169.79 hect. Throughout 

the study period, the fallow land has decreased 

by 40.91%. This means increasing in water 

availability decreasing drought condition 

resulted in increased NSA.  

IV. Net Sown Area: 

The net area sown is the actual area 

under crops counting areas sown more than 

once in the same years only once.Earlier, the 

net sown area was 2126.4 hect. of the total 

geographical area. After implementation of JSA 

scheme, it was recorded as 2222.56 hect. It is 

increased by 4.52 %, which is a positive 

indicator of Agricultural development. 

3. Impact of JSA Schemeon Groundwater 

levels: 

Groundwater is an important source for 

irrigation of agriculture as it is one of the 

reliable and flexible inputs of water. ―Use of 

groundwater can boost agricultural production, 

improve rural incomes and strengthen farmers‘ 

ability to withstand climate shocks and water 

variability.‖ (CGIAR, Research program on 

Water, Land and Ecosystems). 

The table (Table No. 2) represents the 

Groundwater status of Chas village before as 

well as after implementation of JSA scheme. 

Table No. 2: Groundwater Status of Chas village 

Source of 

Irrigation 
Number 

Before JSA 

Scheme (m) 

After JSA 

Scheme (m) 

Average Increment in 

Groundwater Level (m) 

Open well 243 12 6 +6 

Bore well 439 58 33 +25 

(Source: Compiled by researcher based on Secondary data
[4] [5] [6]

) 

The ‗Jalukta Shivar‘ scheme have a 

positive impact on groundwater levels. The 

average increment in groundwater level for 

Open well and Bore well are 6 m and 25 m 

respectively.   

 Conclusion: 

The paper concludes that, Runoff 

retardation by 916.28 T.C.M. after 

implementation of ‗Jalukta Shivar‘ scheme in 

the village. Result of retardation is increasing 

water level of well and Bore well by 6 meter 

and 25 meter respectively. “The „Jalukta 

Shivar‟ scheme is found to have significant 

impact on Agricultural development of Chas 

village by Increasing NSA by 2.43%.The 

discussion of general landuse of Chas village 

clearly indicates that there is decrement in 

Cultivable waste land, fallow land and 

increment in Net sown area; which are good 

indicators for agricultural development. 
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