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Abstract 

 

The effect of climate change on crop water requirements of URBC command were observed with assumption of  no change in 

the regulations relating to agriculture and irrigation over the period of 15 year during 1998 to 2013 in the study area of  

command of Ukai right bank main canal, Gujarat. The variation of CWR was observed due to the increase in temperature and 

greenhouse gases, whereas the change in rainfall and thunderstorms were non predictable parameter. Global warming is badly 

influencing the temperature and precipitation, which will directly have impact on the root zone in soil media, moisture condition 

and required volume of ground water. Although crop water requirement estimation is prerequisite for planning, development and 

functioning of water resources projections, it seems that the practice of estimating CWR using current data only is no longer 

going to work and the planning should be done in light of implication of global as well as local climate change effects. This 

study reveal the clear difference over the period of 15 year duration the CWR for the same command area has been considerable 

amount of 142.59 Day Cusec. This means Average CWR per year was 9.50 Day Cusec due to climate change effect. This study 

will be useful for decision makers to evaluate the negative effects of climate change to crop water demand in URBC and better 

planning for water resources management. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The threat of climate change is affecting and will affect the important natural resources including water. (Sudip Kumar et al., 

2012) Within a context of increasing water scarcity, climate change threatens to exaggerate the current supply-demand 

imbalance.  

Hence, it’s an attempt to review the crop water requirement of command area in the year of 1998-99 and 2013-14 with 

difference of 15 year. The availability of various meteorological parameters of command area and other required data, adopting 

the GIS and remote sensing technique along with analytical method the implication of climate change and crop water 

requirement can be evaluated. The considerable difference in agriculture requirement has to monitor frequently and root cause 

has been determine.  

II. CLIMATE CHANGE 

Any change in climate over the time period whether due to natural variability or as a result of human activity (IPCC, 1996). The 

major climatic parameter such as temperature, cloud cover, solar radiation, relative humidity and rain fall has significant 

variation globally. The Intergovernmental Panel on Climate Change (IPCC) is the international body for assessing the science 

related to climate change. The IPCC was set up in 1988 by the World Meteorological Organization (WMO) and United Nations 

Environment Programme (UNEP) to provide policymakers with regular assessments of the scientific basis of climate change, its 

impacts, future risks, options for adaptation and mitigation. 

III. GREENHOUSE GASES 

Gaseous elements of the atmosphere, both natural and anthropogenic, that absorb and re-emit infrared radiation. Infrared 

radiation is a type of electromagnetic radiation, as are radio waves, ultraviolet radiation, X-rays and microwaves. Infrared (IR) 

light is the part of the EM spectrum that people encounter most in everyday life, although much of it goes unnoticed. It is 

invisible to human eyes, but people can feel it as heat. 

1) CO2: The carbon dioxide affects climate and plant growth directly. Atmospheric concentrations of carbon dioxide have been 

steadily rising, from approximately 315 ppm (parts per million) in 1959 to a current atmospheric average of approximately 

385 ppm (Keeling et al.,2009).  
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2) CH4: The Methane gas affects climate but it does not directly affect plant growth. But crop and cropping systems contribute 

to release of atmospheric CH4. CH4 concentration has increased from a pre-industrial value of about 715 to 1774 ppb in 2005 

(IPCC, 2007).  

3) N2O: Nitrous oxide, also known as “laughing gas” is ranked third behind carbon dioxide and methane in contributing to 

global warming, and is regulated under the Kyoto protocol. The kyoto protocol is an international treaty which extends in 

1992 United Nations Framework Convention on Climate Change (UNFCCC) that commits State Parties to reduce 

greenhouse gas emissions, based on the premise that (a) global warming exists and (b) human-made CO2 emissions have 

caused it. According to the EPA, the gas is 310 times more effective in trapping heat than carbon dioxide. Current 

projections are concentrations to continue to rise to as much as 500–1000 ppm by the year 2100 (IPCC 2007).  

IV. CHANGE OF TEMPERATURE 

Global temperature has increased 0.76 ºC in 150  years and continues increasing (IPCC, 2007). The temperature increase differed 

by regions and seasons. It can be predicted to increase over time which directly impacts on plant growth.  

 Change in Rainfall:  A.

Amount of rain fall increased in some regions and decreased on the other (IPCC, 2007). Atmospheric water vapour (RH) change 

which affects the rate of evaporation, and subsequently the rate of potential evapotranspiration. Amount, distribution and 

intensity of rainfall directly affect plant growth. The water is most often a yield limiting factor. The variable rainfall poorly 

supports crop growth, it also damages crop by falling at critical stages. Due to deficient rainfall, recharging of ground water may 

be insuffient. 

 Natural Factors Effecting Earth’s Climate:   B.

 Milanokovitch Cycles 

 Sun Spots and Solar Flares 

 Major Volcanic Eruptions 

 Forest Fires 

 Man Made Factors for Climate Change:  C.

 Greenhouse gases in the atmosphere are rising.  

 Large scale usage of fossil fuels in the industries.  

 Carbon dioxide methane and nitrous oxide are being emitted by fossil fuels and coal used to run vehicles, electricity 

generation and households. 

 Agriculture lands are being used for construction of houses.  Man is using natural resources extensively for various activities 

like industries, transport, construction etc. Large quantity of wastes is being produced from cities.  

 Apart from all the above, population increase is also contributing to the Climate change.  

India is the fastest-growing major economy in the world. It is the fourth largest greenhouse gas emitter, accounting for 5.8 

percent of global emissions. India’s emissions increased by 67.1 percent between 1990 and 2012, and are projected to grow 85 

percent by 2030 under a business-as-usual scenario (C2ES.ORG). 

V. CROP WATER REQUIREMENT 

Water from precipitation or irrigation can enter the soil where it comes into contact with the crop root system. Evapotranspiration 

is the water removed from our soils by soil evaporation and plant transpiration.  

Mathematically crop water requirement (ETcrop) can be expressed as : ETcrop = Kc x ETo 
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Where, Kc is the crop coefficient which varies for different crops and their growth stages and ETo is the potential 

evapotranspiration.  

The Meteorological data like monthly average temperature, monthly average daytime wind speed, sunshine hours and 

minimum relative humidity have been used to compute ETcrop.  The Crop coefficient (Kc) integrates the effect of characteristics 

that distinguish a specific crop from the Reference crop. According to the Crop coefficient approach, Crop evapotranspiration 

under standard conditions (ETc) is calculated by multiplying the Reference evapotranspiration (ETo) by the suitable Kc. It is 

influenced mostly by crop type and to a minor extent by climate and soil evaporation.  

Moreover, the Kc for a given crop varies over the crop growing Stages, since ground cover, Crop height and leaf area change 

as the crop develops. 

The effect of both crop transpiration and soil evaporation are integrated into a single crop coefficient. The amount of water  

required by the crop during whole season is considered as crop water requirement. 

VI. METHODOLOGY 

The advantage of crop coefficient Kc which derived from considering climate change effect on meteorological data over 

traditional crop coefficient is that it represents a real-time crop coefficient that responds to actual crop conditions in the field and 

captures field variability.     

The meteorological values have been also used to compute ETo using Blaney-Criddle method. The Blaney-Criddle method 

was used because it has been found that this method’s estimates for monthly ETo are fairly close to the estimates given by the 

more rigorous Penman method (Nir and Finkle, 1982). The Amount of irrigation water required to meet the evapotranspiration 

needs of a crop during its full growth is known as Consumptive Irrigation Requirement (CIR). If during the growth period of a 

crop rain occurs then the quantity of irrigation water required to be applied will be correspondingly reduced. Mathematically CIR 

can be expressed as, 

CIR = ETcrop (Rain doesn’t falls during Rabi season) 

The Amount of irrigation water required at the field meeting the evapotransipiration needs of crops plus other needs such as 

leaching, presowing & nursery water requirement is Net Irrigation Requirement (NIR).  

Mathematically,  

NIR = CIR + LR + PSR +NWR 

The Amount of irrigation water required meeting the consumptive irrigation requirement plus the water lost as surface runoff 

and deep percolation is known as Field Irrigation Requirement (FIR). Mathematically, 

FIR = NIR / na  where na = water application efficiency. 

The Amount of irrigation water required meeting the field irrigation requirement plus the water lost in conveyance through 

canal system by evaporation and seepage is known as Gross Irrigation Requirement (GIR). Mathematically, 

GIR = FIR / nc   where nc = water conveyance efficiency. 

Finally, based on the amount of water for GIR and frequency of irrigation, the discharge required in day-cusec at the head of 

canal system has been computed for Rabi season in URBC command. 

Crop water requirement (ETcrop) has been estimated for different crops considering their growth stages and using the 

meteorological parameters like monthly average temperature, monthly average daytime wind speed, sunshine hours and 

minimum relative humidity.  

ETcrop is equal to Consumptive Irrigation Requirement CIR as in Rabi season, no rain occurs in command.  CIR for all Rabi 

crops are computed and based on CIR, and na Water Application Efficiency & nc Water Conveyance Efficiency, NIR, FIR and 

GIR have been found.  

Finally, based on the amount of GIR and frequency of irrigation, the required discharge (in day-cusec) for Rabi season at the 

head of Ukai Right Bank Main Canal has been computed. 

VII. RESULT & ANALYSIS  

In the year of 1998-99, after computation of GIR for Rabi season in URBC command the calculated required Av. Discharge is 

851.97 day-cusec considering field condition, cropping pattern and meteorological data while actual water released 

Av.Discharge during 1998-99 was 775.77 day-cusec.  

Where as in the year of 2013-14, the calculated required Av. Discharge is 994.56 day-cusec while actual water release Av. 

Discharge during 2012-2013 was 917.09 day-cusec. 
Crop Water Requirement and Climate Change Effect 

Crop Water Demand & Release 1998-99 2013-14 Variation due to effect of Climate Change 

Calculated required average discharge in Day Cusec 851.97 994.56 142.59 

Actual Water Released Day Cusec 775.77 917.09 141.32 
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The clear difference over the period of 15 year duration the CWR for the same command area has been considerable amount 

of 142.59 Day Cusec. This means Average CWR per year was 9.50 Day Cusec due to climate change effect. Same way as the 

CWR is increased the water has to be released by the irrigation department and has to match the requirement which indicate that 

irrigation system also has to run more discharge and increasing considerably which in near future demand increment dense canal 

network or need to increase the discharge capacity.  

VIII. CONCLUSION  

Although crop water requirement estimation is prerequisite for planning, development and functioning of water resources 

projections, it seems that the practice of estimating CWR using current data only is no longer going to work. 

In order to have sustainable planned benefits from any project, planning should be done in light of implication of global as well 

as local climate change effects.  
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