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Abstract: It is rightly spoken “Climate change eclipses the planet earth”. The issue is so predominant now, it
gradually restricting our social life, peace and harmony. Number of natural calamities like flood, cyclone,
drought, severe heat and cold wave, rising of sea level, melting of snow etc is some of the ready effects directly
felt in different parts of the globe. The cause may be many beginning from urbanization to modern life style. But
sometimes these may be part of our growth. So there may be trade off or compromise between growth and
balance with nature.

The study may be a small step towards recognizing the arrival of climate change and its impact on particularly
agriculture, as our state largely depends on agriculture based economy. The monthly rainfalls (1901-2010) of
total 30 districts from IMD sources are considered for the purpose. The statistics of all the rainfall data are
calculated along with its time series plotting. The trend analysis has been done using Kendall rank test at 1%,
5% and 10 % significance level. The average monthly temperature trend is also calculated similarly. The
sensitive districts of rainfall are marked. The inflows to reservoirs within these districts are also checked. The
standard cropping pattern adopted in different parts of the state is also shown in this study. As there is a short
fall in June, rainfall the inflow to reservoir is also reducing. But during July on ward the rainfall as well as the
inflow is also improving. In different studies it was also established that although there is no remarkable change
in total rainfall, the change is seen in its spatio-temporal variation.
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I.  Introduction:

Climate change is inevitable and unstoppable in its nature. Climate change is a phenomenon due to
emissions of greenhouse gases from fuel combustion, deforestation, urbanization and industrialization resulting
variations in solar energy, temperature and precipitation.

It is a real threat to the lives in the world that largely affects water resources, agriculture, coastal
regions, freshwater habitats, vegetation and forests, snow cover and melting and geological processes such as
landslide, desertification and floods, and has long-term effects on food security as well as in human health and
also threaten livelihood and economic stability. Climate is one of the main determinants of agricultural
production. Throughout the world there is significant concern about the effects of climate change and its
variability on agricultural production.Current climate variability and change is predicted to cause increasing
global temperature and subsequently impact the rainfall.

Agriculture is one of the most climate sensitive sectors as it is continuously and directly affected by
temperature and precipitation.Climate changes pose significant economic and environmental risks worldwide.
The economy of Odisha mainly depends on agriculture, and this in turn largely depends on available water
resources. Climate variability is concerned with the changeability in the mean state and other statistics (such as
Mean, Standard deviation, Coefficient of variation, Skewness, Kurtosis etc.)of climate elements on all spatial
and temporal scales beyond those of individual weather events.Climate change is on the other hand is variability
that continues over a longer period and statistically significant. Climatic variability particularly rainfall is the
major factor influencing the agricultural productivity and sustainability in the tropics. Around 60% of the Indian
agriculture is rain-dependent, distress-prone and vulnerable to climate. Constant increase in green house gas
concentrations, since pre-industrial times, has led to positive radioactive force of the climate, tending to warm
the surface.

I1.  Review Of Literature:
Climate and its variability impact all sectors of economy in several ways like abnormality in rainfall,
results in severity and frequency of floods. Any increment in maximum temperature may increase mean sea
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levels and it would affect large populations in peninsular and coastal areas. It may increase 15 to 40% rainfall
there and raise the annual mean temperature by 3 to6 degree. Climate change adversely affects the food security
in all countries through agriculture production. It affects to food security is in four dimensions, food availability,
food accessibility, food utilization and food system stability. It will also have an impact on human health,
livelihood assets and food production and distribution channels (FAO, 2008). Due to rising global population
size, climate change will challenge agricultural production and food4 security (location of production, supply,
volume, quality) and by 2080, agriculture output Least Developed Countries (LDCs) may decline by 20 percent
due to climate change and yields could decrease by 15 percent on average, while output in industrial countries is
expected to decrease by 6 percent (Masters et al., 2010). It will affect about 200 million people and their
families worldwide who live by fishing and aquaculture (Greg et al., 2011).In India, Gross Domestic Product
(GDP) may decrease up to 6.2% and agriculture production may decrease up to 24% by 2080 due to climate
change (Zhai and Zhuang, 2009; and Zhaiet al., 2009).The concept of the AF was applied in order to explore
potential impacts of climate change on IDF curves using GCM/RCM data. AF represents the general ability of
climate models in simulating the reanalysis data, which is the reasonable estimate of actual gridded historical
climate. The six regions in the Orissa examined in this study represent a wide range of climatic conditions
observed across the 30 districts including desert, tropical, temperate, and continental climates, which are
influenced by a range of storm types (e.g., synoptic and convective). For most regions, future climate
projections suggested an increase in the intensity of extreme storms with strong regional variations. The results
also revealed the dependence of AF values on return period and storm duration as related to the characteristics
of extreme rainfalls. In general, AF values deviated more significantly from 1 for short-duration, high-intensity
storms. At the individual return period level the uncertainty in the AF values was high as indicated by the high
significance level. Projected future rainfall intensities were higher than historical intensities for most regions.
However, variations between storm characteristics (duration and return period) were more pronounced for short-
duration, high-intensity events than they were for long duration, low-intensity events. The sizeable variation
between historical and future rainfall intensities for short-duration events, however, generally supported the
notion that precipitation intensity will be more severe in future decades (Endreny and Imbeah 2009).Gao et al.
(2002) have applied stochastic hydrology methods to analyze the characteristics of annual inflow evolution of
Miyun reservoir. It is obvious from their experiment that the annual inflow decreasing is mainly caused by
human activities, such as extreme population increase and land use changes. Modeling the changes of in-flow to
reservoir has been studied by Dilini et al. (2013) for effective water management. Sahu etal. (2012) made use of
an artificial intelligence technique called the self-organizing map (SOM) to perform trend and cluster analysis
for the inflows into the flood-control reservoirs of Indiana. Along with SOM, this research also used the Mann-
Kendall test and a revised Mann-Kendall test for regional analysis for northern reservoirs of Indiana. Sethy et al.
(2015) performed a trend analysis for precipitation and inflows time series for Salia river basin of Odisha, India
which is draining to Chilikalake using the Mann— Kendall test. In order to assess the impact of climate change
ARNO model was used to simulate the inflows into Salia reservoir calibrating the observed inflow Dawson et
al. (2015) have studied about trends in water quality and quantity for 11 major reservoirs of the Brazos and
Colorado river basins in the southern Great Plains.

Study Area:

General: Orissa is a state on the eastern seaboard of India, located between 17°49' and 22°36’ Northlatitudes
and between 81°36” and 87°18’ East longitudes. It spreads over an area of 1,55,707 sg.km. and is broadly
divided into four geographical regions, i.e. Northern Plateau, Central River Basins, Eastern Hills and Coastal
Plains. It has a 480 km coastline. Its population was4,19,47,358 as per the 2011 census. Administratively, the
state is divided into 30 districts, 58 sub-divisions, 314 blocks (administrative units in descending order of
geographical area and population) and 103 urban local bodies. Odisha map is plotted in GIS as shown in (figure
1).

Figurel. (Location map of
:> study area with latitude and
longitude)
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Physiographic Region:

The state of Orissa located on the eastern coast of Indian peninsula is quite rich in natural resources and
has several bio-diversity hot spot areas of the Indian subcontinent. Rain gauge stations are plotted as shown in
(figure 2).

Figure2. (Rain gauge stations
of Odisha)

1. Methodology
General:

The long term monthly rainfall data over a period of 110 years (1901-2010)of 30 districts were
obtained from India metrological department (IMD) website (http://www.Indiawaterportal.org/met data). The
rainfall trend analysis was conducted for all the districts of Orissa on monthly, seasonal(monsoon from June to
October) and annual basis.The trend was analyzed using non- parametric Mann-Kendall test
(Mann1945;Kendall, 1975). The MK test has been employed by a number of researchers to ascertain the
presence of statistically significant trend in hydrological climatic variables such as temperature, precipitation
with reference to climate change. The MK test checks the null hypothesis of no trend versus the alternative
hypothesis of the existence of increasing or decreasing trend. The regional water resources study was done by
analyzing the rainfall data for 30 districts of Odisha for the period of 1901 to 2010. Ground water and surface
water recharge have been summed according to availability of rainfall for 30 districts of Odisha.

The climate data was extracted as shown in (figure 3) for Odisha in ARCGIS 10.3.3. For minimum
temperature, maximumtemperature, mean and maximum rainfall, minimum rainfall andmean using extract by
mask using boundary of Odisha maps.

Legenda

extract-dernt _tif

Value

(Figure3. Extraction of climate data of Odisha)
Mann-Kendall Test:

A stochastic process is a statistical process shown in (figure 4) involving a number of random variables
depending on a variable parameter. If the variable parameter is the time, then the process becomes a stochastic
time series in this analysis the in-flow series. The most important aspect of the stochasticity is stationary (Table
1).
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= Figured,(Annual rising and falling
rainfall trend)

Inverse Distance Weight (IDW):

The IDW function can be use when the set of points is dense enough to capture the extent of local
surface variation needed for analysis. As shown in (figure 5, 6, 7, 8, 9) IDW determines cell values using a
linear-weighted combination set of sample points. The weight assigned is a function of the distance of an input
point from the output cell location. The greater the distance, the less influence the cell has on the output value.

=) @miﬂﬁll by IDW method) I

= Figure6.(July Rainfall by IDW methodD

=) Figure.(August Rainfall by IDW j

= Figure8,(September Rainfall by |
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=

Figure9,(October Rainfall by IDW j

V.

Results And Discussions:

In the present study trend analysis of annual, monsoon and temperature has been carried out.For this
initially the available rainfall and temperature data was classified in the above period .Further Mann-Kendall
test was applied for three significance levels i.e. 1%,5%and 10%.0n the basis of Z-statistics of each significance
level the trends in of Orissa has been determined. The trends in total rainfall,annual maximum rainfall,monsoon
rainfall and total temperature were investigated through the Kendall’s test for Orissa. The monthly data were
used to compute seasonal and annual time series of total rainfall. The (Figures 10, 11, 12) of annual and
monsoon rainfall and temperature trend at 5% and 10% significant level of 30 districts are shown below.

The statistical parameter i.e. maximum,mean, standard deviation, skewness, coefficient of variation (C,) and

kurtosis of rainfall are calculated. These param

eters help in explaining the characteristics of rainfall.

R
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(Figure10.Annual Avg. rainfall)

Trend at 5% significance level:
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(Figurell.Annual

Rainfall trend at 5% significant level)
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Trend at 10% significance level:

(Figurel2.Annual Rainfall Trend at 10% significant level)

Table 1.(Annual trend and Z values of 30 districts)

SL.NO DISTRICT ANNUAL TREND TEST STATISTICS
VALUE (Z_VALUE)
5% 10%

1 ANUGUL No No 0.77
2 BALESWAR Rising Rising 2.017
3 BARGARH No Falling -1.75
4 BHADRAK No No 1.57
5 BOLANGIR No Falling -1.85
6 BOUDH No No 0.41
7 CUTTACK Rising Rising 2.33
8 DEOGARH No Falling -1.88
9 DHENKANAL No No 1.29
10 GAJAPATI Rising Rising 2.1
11 GANJAM No Rising 1.75
12 JAGATSINGHPUR Rising Rising 3.32
13 JAJPUR Rising Rising 1.97
14 JHARSUGUDA Falling Falling -2.01
15 KALAHANDI No No -0.37
16 KENDRAPADA No No 1.44
17 KEONJHAR No Rising 0.9
18 KHURDHA Rising Rising 2.01
19 KORAPUT No No 1.18
20 MALKANGIRI Rising Rising 2.7
21 MAYURBHANJ No No 1.33
22 NABARANGPUR No No -0.86
23 NAYAGARH Rising Rising -2.48
24 NUAPADA Falling Falling -2.84
25 PHULBANI No Rising 1.75
26 PURI Rising Rising 2.96
27 RAYAGADA No No 0.44
28 SAMBALPUR No No -1.05
29 SONEPUR No No -0.86
30 SUNDARGARH Falling Falling -2.13

The Figures (13, 14, 15, 16,17,18,19,20,21,and 22) of annual and monsoon rainfall and temperature trend
(Table 2, 3) at 5% and 10% significant level of 30 districts are shown below.

—)| Figurel3,(June Rainfall trend at
5% significant level)
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_i g ey Figureld. (July Rainfall trend at 5%
S = significant level)

Figurel5.(August rainfall trend at 5%

significant level) ’
i
e ———— T S Figurel6 (September rainfall trend at 5%
: R — significant level)
-

Figurel 7. (October rainfall trend at 52

%o
significant level)

--—_=__—-: i __._:.— = Figurerl8.(June rainfall trend at 10%
T o s significant level)
_— = Figurel9 (July rainfall trend at 10%
o S = 7
—T e significant level)
A®.
iy e = Figure20. (August rainfall trend at 10%
R T R o g significant level)
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| o
'3 Figure2l. (September rainfall trend at
' = 10% significant level)
a@®
= Figure22,(October rainfall trend at
10% significant level)

TABLE2.(MONSOON RAINFALL TREND AT 5% AND 10% SIGNIFICANT LEVEL OF 30

DISTRICTS)
Districts June July Angust September October
5% 10% | 5% 10% 5% 10% % 10% % 10%

ANUGUL No No No Rising Ne No Ne No Ne No
BALESWAR No No No Rismg No No No No No No
BARGARH No No No No Fallng Falling No fallmg No No
BHADRAK No No No No No No No No No No
BOLANGIR No No No No No No fallmg faling No No
BOUDH No No Rizmg Rismg No No No No No No
CUTTACK No No Rizmg Rising No No No No No No
DEOGARH No No No No fallmg fallng falling fallng No No
DHENKANAL No No Ne Rismg No No No No Ne No
GAJAPATI No No No Rising No No No No No No
GANJAM No No No No No No No No No No
JAGATSINGHPUR | No No Rismg Rismg Rsmg Rismg No No No No
JAJPTR No No No No No No No No No No
JHARSUGIDA | No No No No Falmg Fallmg Fallmg Fallmg No No
KALAHANDI No No No No No No Fallmg Fallmg No No
KENDRAPADA | No No No No No No No No No No
KEONJHAR No No No No No No No No No No
KHURDHA No No No Rising Ne No No No Ne No
KORAPUT Rismg Bimg | No No No No No No Rismg Rismg
MALKANGIRI | Rismg Rimg | Rismg Rismg No Risimg No Rismg No No
MAYURBHAN] | No No No Rising No No Fallmg Fallng No No
NABARANGFUR | No No Rizmg No No No No No No No
NAYAGARH No No Ne Rismg No No No No Ne No
NUAPADA No No Rising No Rising Rising Rising Rismg No No
PHULBANI No No Rising Rising No No No No No No
PURI No No No No No No No No No No
RAYAGADA No No No No No No No Rismg No No
SAMBALPUR No No No No No No No NO trend No No
SONFUR No No No No No No No NO trend No No
SUNDARGARH | No No No No Fllmg Fallmg Fallmg Fallmg No No
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5%significance level of monsoon temperature(figure 23-27):

e

T b e e — Figure23 (June temperature trend at 5% j
. ety = o :__—--_': cimifirant lavwall
—_ ®
] e Figure24 (July temperature trend at 5%
e significant level)
— . ®
T o -_;":_ ::} Figurel5,(August temperature trend at 5%
I e significant level)
- ®
—__""": : _": Figure26. (September temperature trend at
- = ::> 5% significant level)
W sy = Figure27. (October temperature trend at 5%
U = significant level)
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Trend at 10% significance level of monsoon temperature(figure 28-32):

-
Figure28,(June temperature trend at 10%
= significant level)
g
. s, —a Figure29. (July temperature trend at 10%
S = = significant level)
S ,.; 5
v = Figure30,(August temperature trend at 10%
- = sienificant level)
. @
gl Figure31,(September temperature trend at
oA o significant leve
= -~ = 10% significant level)
- ®
—_“'—" T e
T g = Figure32,(October temperature trend at
T e i 10% significant level)
___'"" — B
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Table3.(MONSOON TEMPERATURE TREND AT 5% AND 10% SIGNIFICANT LEVEL OF 30

DISTRICTYS)
DISTRICTS JUNE JULY AUGUST SEFTEMBER. OCTOBER
by 108 b 108 by 108 Hi 108 by 10%

ANUGUL Na Na Na Risinz Na Ma HNa Ha Na Na
BALESWAR. Na Na Na Fising Nao NO trend Na Ma Na Na
BARGARH Mo Mo o Na Falling Falling Ha Falling Mo Ha
BHADRAK Mo Mo Mo Na Mo Na Ha Ma Mo Ha
BOLANGIR HNa HNa HNa Na Na Na Fallinz Fallinz HNa Na
BOUDH Na Na Rizing Risinz Na Na Ha Na Na HNa
CUTTACK Mo Mo Rising Rising Mo Na Ha Ma Mo Ha
DEOCARH HNa HNa HNa Na Fallinz Fallinz Fallinz Fallinz HNa Na
DHENKANAL Na Na Na Risinz Na Ma HNa Ha Na Na
GAJAPATI Na Na Na Fising Nao Ma Na Ma Na Na
GANJAM Mo Mo o Na Mo Na Ha Na Mo Ha
JAGATSINGHFUR | Mo HNa Risinz Fizingz Risinz Fizinz Na Ma HNa Na
JAJFUR Na Na Na Na Na Na HNa Ha Na Na
JHARSUGUDA Mo Mo o Na Falling Falling Falling Falling Mo Ha
KALAHANDI Mo Mo Mo Na Mo Na Ha Fallingz Mo Ha
KENDRAPADA HNa HNa HNa Na Na Na HNa Ma HNa Na
KEONJHAR Na Na Na Ma Na Ma HNa Ha Na Na
KHUERDHA Nao Nao Nao FRising Na Na HNa Na Nao Na
KORAFUT Risinz Risinz HNa Na Na Na HNa Ma HNa Na
MALEANGIRI Na Risinz Risinz Risinz Na Ma HNa Ha Risinz Rizinz
MAYURBHANT Na Na Na Rising Na Na HNa Ha Na Na
NABARANGEUR | o Mo o Na Mo Na Falling Falling Mo Ha
NAYAGARH Mo Mo Rising Rising Mo Na Ha Ma Mo Ha
NUAPADA HNa HNa HNa Na Na Na Fallinz Fallinz HNa Na
FHULBANI Mo Mo Rising Rising Mo Na Ha Na Mo Ha
FURI Mo Mo Rising Rising Rising Rising Ha Ma Mo Rising
RAVAGADA HNa HNa HNa Na Na Na HNa Ma HNa Na
SAMBALFUR Na Na Na Ma Na Ma HNa Fallinz Na Na
SONFUE. Na Na Na Ma Nao Ma Na Falling Na Na
SUNDARGARH Na Na Na Na Falling Falling Na Falling Na Na

V.  Conclusion:

The economy of our state is fully dependent on agriculture.The quantity and spread of rainfall over
entire 30 districts is very important in this regard as most of our land is rain fed.It has been assessed that 31.30
lakh hectares cultivable land can be brought under irrigation through major & medium irrigation projects. By
end of March 2015, irrigation facilities of 13.91 lakh hectares have been created. Still a large area remains un-
irrigated and agriculture in this area totally depends on the mercy of rain god. The information on quantification
and its trend will definitely help planning and scheduling of our agriculture.

Our state has 7 majors and 45 medium irrigation storage structures comprising a live storage capacity
of 153246 ham. Further mega lift irrigation storage are being initiated to improve the irrigation scenario.

Thestatistics like annual maximum,mean, standard deviation, skewness, coefficient of variation (C,)
and kurtosis for district wise monthly rainfall data of 110 year are calculated. These parameters help in
explaining the characteristics of rainfall. Districts wise rainfall trend was analysed over a period of 110 years
(1901-2010) and temperature trend of 102 years (1901-2002).Using most powerful non-parametric Kendall rank
test at 1%, 5%and 10% significant level.Annual and monsoon rainfall increasing and decreasing at 5%and
10%significant level.The trend at monsoon temperature showed that most of districts have no trend but
Jagatsinghpur, Kandhamal, Koraput,Malkangiri,Nayagarh and Puri are shown rising trend at 5% and 10%
significant level. The reservoirs show a delayed and decreased inflow during the month of June, which compels
for starting of cropping season, may be shifted to late June or early July. Creation of irrigation potentials is
highly essential in order face the varying rainfall scenario.
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