Financial Feasibility and Policy Impact of Farm Pond Construction in Jaipur District of Rajasthan

Abstract
This study aimed to assess the economic feasibility of investing in farm ponds among farmers in Jaipur district, Rajasthan. Primary data for this study were taken from eighty farmers, including 40 beneficiaries of RKVY-PDMC and MKSY and 40 non-beneficiary farmers for the agricultural year 2021-22. The study's findings revealed that the total costs for constructing plastic-lined farm ponds were ₹242,348.56 without subsidy and ₹137,348.56 with subsidy per pond. Cost component-wise, machinery, labor, and material costs accounted for the majority (95%) of the total establishment cost without subsidy. The economic evaluation indicators demonstrated favorable outcomes for farm pond investments. The net present worth of the investment was positive, the benefit-cost ratio exceeded one and was positive, the internal rate of return exceeded the prevailing interest rate, and the payback period was relatively short, both with and without subsidies. This suggests that government should continue and increase subsidy support for plastic-lined farm pond construction to promote economic prosperity among farmers.
Keywords:  Economic evaluation, Farm pond investment, NPW, Subsidy support 
JEL Classification: B41, C02, C81
INTRODUCTION 
Water stands as a fundamental, naturally finite, and delicate resource upon which all living organisms depend for their survival. It plays a vital role in fulfilling various developmental needs, such as irrigation, hydro-power, industrial processes, municipal supplies, fisheries, navigation, and recreational activities. In the context of India, which occupies approximately 2.45 percent of the world's land area, the nation's water resources account for about 4 percent of the global total. Recent data indicates that India receives approximately 4 thousand cubic kilometers of water from rainfall and surface sources. Additionally, groundwater replenishment contributes 1869 cubic kilometers, of which only 60 percent is considered usable. Consequently, India's accessible water resource reserves amount to 1122 cubic kilometers (Water resources, NCERT 2021-22).
Water is as an indispensable and precious resource critical for the sustenance of our ecosystem and agricultural productivity. It is a natural resource, with the majority of it, approximately 97.39 percent, existing as saline water in the oceans. Of the remaining 2.16 percent, freshwater makes up this portion, with a significant 77.23 percent locked in polar ice and glaciers. In the Indian context, the total cultivable land covers 130 million hectares, out of which 64.7 million hectares are equipped with irrigation facilities, constituting approximately 49.76 percent of the total cultivable land (Directorate of Economics and statistics, 2021-22). In India total cultivable land is 139.36 M ha out of this 37.67 M ha (27 %) is under irrigation (Deshmukh et al., 2017). Undoubtedly, India's advancement hinges on the growth and development of its agricultural sector, which stands as one of the pivotal components of the country's economy. Around 55 percent of the total workforce in India was engaged in agricultural and allied sector activities, and this sector contributed approximately 18.80 percent to India's Gross Value Added (GVA) in the fiscal year 2021-22 (Economic Survey, 2022-23).
In this context, India has turned to farm ponds as a strategy to unlock its agricultural potential in rain-fed and semi-arid regions. Farm ponds play a pivotal role in optimizing land and water resources for agricultural purposes, considering both surface water and groundwater. While rainfall is the most cost-effective natural water source, its distribution is highly variable and unpredictable. Hence, the need arises for artificial water supply through irrigation in some cases and water drainage in others. This combination of irrigation and drainage constitutes India's comprehensive water management system. Farm ponds have multifaceted benefits, such as strengthening employment opportunities, increasing income levels, and enhancing agricultural production. They not only provide valuable silt for agricultural fields but can also reinforce field embankments. Moreover, farm ponds improve soil moisture content, store excess rainwater, and mitigate the risk of flooding. In addition to serving as a critical irrigation source for summer vegetable crops, they also contribute to supplementary income Farm ponds are substantial reservoirs constructed to capture and store surface runoff, serving a variety of purposes such as fish cultivation, providing water for livestock, irrigation for plants, and a range of other agricultural tasks.
A farm pond is a large pit dug out in the earth, typically square or rectangular in shape, designed to collect and store rainwater for future use. The pond is enclosed by a small bund, which prevents erosion along its banks. The dimensions and depth of the pond are determined by factors such as available land, soil type, the water needs of the farmer, excavation costs, and the potential applications of the excavated soil. Commonly, farm ponds come in sizes ranging from 15 × 15 × 3 meters, 20 × 20 × 3 meters, 25 × 25 × 3 meters, to 30 × 30 × 3 meters, respectively (Jakkawad et al., 2020).
Rajasthan, one of the agricultural states in India, copes with a significant water crisis, making water scarcity a pressing issue for its farmers. The erratic and uneven distribution of rainfall, especially in arid regions, accentuate the need for water conservation through appropriate practices. In response to this challenge, the state of Rajasthan has initiated two schemes, namely RKVY-PDMC (Rashtriya Krishi Vikas Yojana-Per Drop More Crop) and MKSY (Mukhyamantri Saathi Yojna). Under these schemes, the state government provides financial assistance to small and marginal farmers for the construction of farm ponds. This assistance covers up to a maximum of 70 percent of the total cost for raw (without plastic lining) farm ponds, amounting to ₹73,500, and plastic-lined farm ponds, to ₹105,000. For other farmer categories, financial support is extended up to 60 percent (i.e., 50% sponsored by RKVY-PDMC and 10% sponsored by MKSY) of the cost for raw farm ponds, which is ₹63,000, and plastic-lined farm ponds, with a total amount of ₹90,000.
Farm ponds serve as critical assets in the efficient management and conservation of soil and water resources, offering multifaceted solutions to meet diverse agricultural needs. They find application in farming, flood control, recreation, drinking water supply, fishing, livestock watering, fire control, and more. However, assessing the feasibility of farm pond projects typically entails a rigorous cost-benefit analysis. This analytical process is essential for organizations and stakeholders to gauge the project's viability, costs, and potential benefits before allocating financial resources. Consequently, this study has been designed with the primary objective of calculating the establishment costs associated with the construction of farm ponds and conducting a comprehensive economic evaluation of the investment in farm ponds.
METHODOLOGY
This study was conducted within the confines of Jaipur district, Rajasthan. Specifically, the study focused on one Assistant Director (Agriculture) circle, Jhotwara, which comprises 23 Assistant Agricultural Officer (AAO) circles. Among these, 2 AAO circles, namely Jhotwara and Kalwar, and four villages (Begas, Shyosingpura, Pachar, and Lalpura) were purposively chosen due to their having the highest number of farm ponds. From these selected villages, a total of eighty farmers were sampled, with 40 being beneficiaries of RKVY-PDMC and MKSY and 40 being non-beneficiary farmers.
Primary data for this study were obtained by conducting personal interviews with the selected farmers-respondents, using a structured questionnaire. The interviews covered a comprehensive range of information, including crop yields, input utilization, and output outcomes. Additionally, data pertaining to the construction of farm ponds, such as excavation costs, soil removal expenses, expenses for liners, fencing, and equipment like pumps and pipes, was collected from both farm pond beneficiaries and non-beneficiary farmers for the year 2021-22.
Analytical Framework
This research focused on evaluating the economic effectiveness of utilizing water from farm ponds for crop cultivation. The analysis involved assessing the expenses associated with cultivating specific crops and the resulting returns. Among the various farm scenarios, both those with farm ponds and those without, it was observed that groundnut during the kharif season and wheat, barley, and pea during the rabi season were the dominant crops, as these crops occupied the largest irrigated areas throughout the year.
Further, the evaluation of costs and returns, with and without subsidy, was carried out using the following assumptions and methods:
Assumptions: 	
1. Economic life of farm pond was assumed to be ten years (Rao et al., (2019) and Kumar et al., (2017)).
2. Farm pond started rendering the service immediately after the completion of its construction and there was no account of gestation period.
3. Inputs and outputs were valued at the prevailing prices assuming them to be constant over the period of life.
4. Technology related to farm ponds and government aid financial assistance remained the same over the period.
Amortization of establishment cost of construction of farm pond
Annual cost of the construction of farm ponds was calculated by using the following formula:


Where,
A = Amortized annual cost in farm pond
T = Total cost during the year of construction of farm pond
i = Interest rate (in per cent)
t = Life span of farm pond in years
Amortization was calculated at 10 per cent as interest rate of bank. 
Economic Appraisal of Farm Pond Investments
Pay Back Period
The payback period method for project ranking assesses the duration necessary to recoup the initial investment made in the project. The payback period of the project was calculated using a straightforward formula:


Where, 
P = Payback period of the project in years 
I = Investment of the project in rupees
E= Annual net cash revenue in rupees.


Net present worth (NPW)
It represents the difference between the present value of cash inflows and the present value of outflows. The calculation was carried out as follows:

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
 Benefit- Cost Ratio (BCR)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
The analysis of the farm pond's benefit-cost ratio aimed to evaluate the present value of benefits against the present value of costs, determining the economic viability of the farm pond project. The Benefit-Cost Ratio (BCR) was calculated using the following formula


Internal Rate of Returns (IRR)
IRR (Internal Rate of Return) is defined as the discount rate at which the present value of capital expenditure or investment matches the present value of cash proceeds, resulting in a net present worth of zero. It was calculated using the following formula:

 

Where,
NPW = Net present worth in period ‘t’
BCR = Benefit-cost ratio
Bt = Benefits obtained from farm pond cultivation in each year 
Ct = Cost incurred in farm pond cultivation in each year 
r = Discount rate (i.e., rate of interest for investment loan charged by financial institutes) 
            t = 1, 2, 3……n, i.e., the entire economic life of farm pond across the study regions.
            n = Number of years.
Annuity 
An annuity is a regular, fixed payment made to an individual each year, typically over the entire life of the farm pond. The calculation of an annuity follows the following formula: 


Where,
             PV= present value of an ordinary annuity
             P= value of NPW of farm pond
             r= interest rate per period
             n= number of periods
RESULTS AND DISCUSSION
Establishment cost in construction of farm ponds 
In this study area, farm ponds with a standard size of 20203 meters and an intake capacity of 1200 cubic meters of water were chosen for detailed investigation. The construction costs for these farm ponds are presented in Table 1. Simultaneously, Figure 1 reflects the respective share of individual cost items in total establishment costs.





Table-1 Establishment cost in construction of farm pond
                                                                                                 (₹ 000/pond)
	S. No.
(1)
	Items
(2)
	Labour costs (in ₹) (3)
	Machinery costs (in ₹) (4)
	Material costs
(in ₹) (5)
	Total costs (in ₹)
(6)

	1.
	Digging cost
	0.00
(0.00)*
	65723.56
(77.75)*
	0.00
(0.00)*
	65723.56
(27.12)**

	A.
	Soil lifting cost
	0.00
(0.00)
	16450.25
(19.46)
	0.00
(0.00)
	16450.25
(6.79)

	B.
	Tapper (inside slopes) cost
	8953.29
(63.66)
	2354.37
(2.79)
	0.00
(0.00)
	11307.66
(4.67)

	2.
	Plastic sheet cost
	2023.5
(14.39)
	0.00
(0.00)
	89644.09
(62.36)
	91667.59
(37.82)

	3.
	Fencing cost
	2030.75
(15.86)
	0.00
(0.00)
	24058.75
(16.74)
	26289.50
(10.85)

	4.
	Pump & pipe cost
	856.00
(6.09)
	0.00
(0.00)
	27904.00
(19.41)
	28760.00
(11.87)

	5.
	Miscellaneous expenses
	0.00
(0.00)
	0.00
(0.00)
	2150
(1.50)
	2150
(0.89)

	6.
	Total Establishment cost without subsidy scheme
	14063.54
(100)* [5.59]**
	84528.18
(100)* [34.93]**
	143756.84
(100)*  [59.48]**
	242348.56
(100)

	7.
	Total Subsidy Amount  from Govt. of Rajasthan
	-
	-
	-
	105000.00

	8.
	Total Establishment cost without subsidy scheme
	-
	-
	-
	1,37,348.56


       * Figures in parentheses are percentages of total cost in respective column (3), (4) & (5).
       **Figures in parentheses are percentages of total cost of farm pond in column (6).

Figure: 1 Item-wises percentage shares in establishment cost of farm pond
As indicated in Table 1, for farm ponds with the standard size of 20*20*3 meters, the total construction costs without any subsidy amounted to ₹ 242,348.56 per pond. However, in the case of government subsidies provided by the Rajasthan government, the support equated to 70 percent of the total establishment cost per pond, with a maximum amount of ₹ 105,000. This subsidy, therefore, resulted in a reduced cost of ₹ 1,37,348.56 per pond.
Breaking down the total establishment cost without any subsidy, material costs per pond emerged as the largest component at ₹ 143,756.84, constituting 59.48 per cent of the total cost, followed by total machinery costs ₹ 84528.18 (34.93%) and total labour costs ₹ 14063.54 i.e. 5.59 per cent of total cost. Further delving into the labor cost items, the highest among them is the tapper cost, standing at ₹ 8,953.29 per pond, which was approximately 63.66% of the total labor cost. Other labor cost items included fencing, plastic sheet, and the installation cost of the pump set, which amounted to ₹ 2,030.75 (15.86% of total labor cost), ₹ 2,023.5 (14.39% of total labor cost), and ₹ 856 (6.09% of total labor cost), respectively. The results were in consonance of the study conducted by Simha et al. (2012).
The cost associated with digging, using a JCB, amounted to ₹ 65,723.56 per pond, representing the majority share, i.e. 77.75 per cent of the machinery costs. In the remaining machinery cost components, expenses for soil lifting from the excavation pit, with the assistance of a JCB and a tractor trolley, were recorded at ₹ 16,450.25 per pond, and the cost for tapper material to line the plastic sheet was estimated at ₹ 2,354.37 per pond. Regarding material costs, the plastic sheet expenditure was calculated at ₹ 89,644.09 per pond, making up 62.36 per cent of the total material costs. Additionally, the cost of the pump (with a 3 hp capacity) and the pipes (ranging from 1.5 to 2 inches) for water extraction from the pond was set at ₹ 27,904, constituting 19.39 per cent of the total material costs. The fencing cost was determined to be ₹ 24,058.75, which comprises 16.74 per cent of the total material costs. Lastly, miscellaneous expenses for the selected standard-sized pond amounted to ₹ 2,150, contributing to 1.50 per cent of the total material costs.

Financial cash flows of farm ponds with and without subsidy (₹ /farm)                                                                                                                                              
Table 2 provides a comprehensive breakdown of the cumulative estimated financial cash flows over the lifespan of a farm pond, considering the cultivation of groundnut, wheat, barley, and peas, in both scenarios: one with subsidies and the other without subsidies. The data clearly demonstrates that the total cash inflow over the course of ten years amounted to ₹2,310,597.68 in both cases, whether subsidies were considered or not. On the other hand, the total cash outflow attributed to the production of these crops stood at ₹1,373,362.56 and ₹1,270,210.54 in the scenarios with and without subsidies, respectively.
Table 2. Financial Cash flows of farm ponds (₹ /farm)                                                                                                                                          
	No. of years

	[bookmark: _GoBack]Discount factor @ 10 per cent
	Cash flows of farm ponds without subsidy
	Cash flows of farm ponds with subsidy

	
	
	Discount costs
	Discount returns 
	Discount costs
	Discount returns 

	1
	0.91
	203543.96
	342450.15
	188255.96
	342450.14

	2
	0.83
	185649.99
	312344.64
	171705.98
	312344.64

	3
	0.75
	167756.01
	282239.13
	155156.01
	282239.13

	4
	0.68
	152098.79
	255896.81
	140674.78
	255896.81

	5
	0.62
	138678.30
	233317.68
	128262.30
	233317.68

	6
	0.56
	125257.82
	210738.55
	115849.82
	210738.55

	7
	0.51
	114074.09
	191922.61
	105506.09
	191922.61

	8
	0.47
	105127.10
	176869.86
	97231.10
	176869.85

	9
	0.42
	93943.37
	158053.91
	86887.37
	158053.91

	10
	0.39
	87233.13
	146764.35
	80681.13
	146764.35

	Sub-total
	1373362.56
	2310597.68
	1270210.54
	2310597.68



Economic Feasibility of Farm ponds
For economic feasibility of investment in farm ponds, present value of future cash flow streams was workout by discounting the estimated returns and costs over a period of 10 years at 10 per cent rate of interest, i.e. the rate of borrowing money from the financial institutions in the study area. Inputs and outputs were valued at the prevailing prices assuming them to be constant over the period of life.
 In this study, the economic feasibility of farm ponds without and with subsidy amount has been analyzed by duly employing the evaluation measures. The values of financial feasibility indicators viz., Net Present Worth (NPW), Annuity of NPW, Benefit-Cost Ratio (BCR), Internal Rate of Return (IRR) and Pay Back Period (PBP) have been presented in Table 3.







Table 3. Values of financial feasibility measures in farm ponds                  (Per farm)
	S. No.
	Particulars
	Categories

	
	
	    Without subsidy
	     With subsidy

	1.
	PBP (years)
	1.47
	1.22

	2.
	NPW (₹ lakhs)
	9.37
	10.40

	3.
	Annuity value (₹ lakhs)
	1.52
	1.69

	4.
	BCR
	1.68
	1.81

	5.
	IRR (%)
	33.07
	33.07



Pay-Back Period
Table 3 demonstrates that, on average, the payback period for investments in the establishment of farm ponds without subsidy was calculated at 1.47 years per farm, while with subsidy, it was reduced to 1.22 years per farm. Rajeshwari (2007) reported PBP was 1.54 years.
Net Present Worth
Table 3 also highlights that the per-farm value of the net present worth of investment in farm ponds for the entire life span was assessed at 9.37 lakhs in the case of no subsidy and 10.40 lakhs per pond with the subsidy. Consequently, it was evident that, within the sample farms, the net present worth maintained a positive value and exceeded one in both categories. Thus, investment in farm ponds was economically feasible and viable during entire period of farm ponds in the study area. Similar results were observed by Simha (2012) and Surve et al. (2014). It was also observed that the average annual returns (i.e., Annuity value of NPW) per farm in without subsidy and with subsidy were estimated 1.52 lakhs and 1.69 lakhs, respectively.
Benefit-cost Ratio (BCR)
The benefit-cost ratio analysis revealed that the cash flow streams, without subsidy, yielded a ratio of 1.68 per farm, whereas, with the subsidy scheme, it was computed at 1.81 per farm (Table 3). In practical terms, this translates to an investment of one rupee resulting in net incomes of 0.68 and 0.81 per farm for the categories without subsidy and with subsidy, respectively. According to the established criterion, for a project to be considered economically viable, both the gross and net benefit-cost ratios should exceed one and maintain a positive value. In this context, it was evident that investments in farm ponds within the study area met these criteria and were deemed economically viable. Similar as (Murthy et al. 2009 and Reddy et al. 2020). Shinde et al. (2009) observed that BC ratio was found economical with 1.34.
Internal rate of return (IRR)
On average, the internal rate of returns were computed at 33.07 percent in both categories, whether it be without subsidy or with the subsidy scheme. This internal rate of return significantly surpassed the prevailing rate of interest, which stood at 10 percent during the study period. Thus, it was evident that investments in the establishment of farm ponds were economically viable for the beneficiaries. Franco et al. (2018) was finding IRR 37.51 per cent.
CONCLUSION
The study highlighted that the major components of construction costs for farm ponds were related to digging, soil lifting, and tapper costs, which together account for 38.58% of the total costs. Additionally, the cost of plastic sheets, pump and pipe installation, and fencing are significant contributors to the overall investment. The analysis showed that both without subsidy and with subsidy scenarios resulted in favorable economic indicators, with positive net present values (NPW), robust annuity values, benefit-cost ratios (BCR) exceeding one, high internal rates of return (IRR), and relatively short payback periods. These outcomes clearly demonstrate the economic viability and desirability of investments in farm ponds. Therefore, the government should continue and potentially expand subsidy programs to encourage more farmers to invest in farm pond construction, which will not only enhance agricultural productivity but also contribute to water conservation and sustainable farming practices.
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