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Original Research Article
Water Resource Budgeting in the Narayanpur Left Bank Canal Command Area of the Upper Krishna Project, Karnataka, India:  A Natural Resource Economics Perspective
Abstract

This study presents a detailed water resource budgeting analysis for the Narayanpur Left Bank Canal (NLBC) command area of the Upper Krishna Project, covering the years 2013–14 to 2023–24. Using the approach of natural resource economics, the study looks at how water, a limited and valuable resource, is supplied and used across different seasons. Water supply includes canal water and effective rainfall, after adjusting for losses like seepage and evaporation. The total available water was estimated at 31.27 Million Hectare Centimetres (MHaCm), with canal water making up 83.82 per cent and rainfall 16.18 per cent. The Kharif season received more water (60.67%) due to monsoon rains and higher canal releases, while the Rabi/Summer season depended mostly on canal water. The total yearly water demand was 36.18 MHaCm, mainly for agriculture (89.55%), followed by domestic use (8.93%) and livestock (1.52%). Paddy and sugarcane used the most water due to their high needs and large cultivated areas. The water budget showed a seasonal and overall shortage of 1.99 MHaCm in Kharif, 2.92 MHaCm in Rabi/Summer, and a yearly deficit of 4.91 MHaCm (15.70%). The analysis was based entirely on secondary data from agencies such as the Water Resources Department, CADA, Agriculture and Statistical Departments, covering canal discharge, rainfall, cropping patterns, population and livestock. Tabular analysis, along with standardized formulas for estimating Supply of Water (SOW) and Demand for Water (DFW), was employed to quantify seasonal balances and supply–demand gaps. These results highlight the importance of better water management, efficient irrigation methods and promoting less water-demanding crops. From a natural resource economics perspective, the study provides useful guidance for planning fair and sustainable water use in the NLBC region, while also offering reassurances that such approaches can strengthen irrigation effectiveness in other canal systems.
Key words: Water resource budgeting, Natural resource economics, Demand for water, Supply of water, Canal irrigation and Sustainable water management
1. INTRODUCTION

Water is a finite and essential resource, vital for sustaining life and ensuring food security, especially in agrarian economies like India. The sustainability of irrigation systems depends on efficient water budgeting the estimation and balancing of water supply and demand. This process is particularly important in regions with erratic rainfall, declining groundwater and rising agricultural water needs (Butt et al., 2021). Water resource budgeting, which assesses inflow (supply) and outflow (demand), is key to rational allocation and optimal use in canal command areas. In India, around 60 per cent of cultivated land is irrigated, with canals contributing significantly (Anon., 2017). However, canal systems often face inefficiencies such as unequal distribution, high conveyance losses, and lack of volumetric control. These lead to mismatches between supply and demand, especially in large irrigation projects where water availability doesn't align with seasonal crop needs (Mane et al., 2021).

The Narayanpur Left Bank Canal (NLBC), a major component of the Upper Krishna Project (UKP) in Karnataka, irrigates the drought-prone districts viz., Vijayapura, Yadgiri and Kalaburagi. NLBC faces challenges in maintaining water balance, as paddy a water-intensive crop dominates the region. Supply is limited by reservoir storage and seasonal Krishna River flows, while demand remains high due to inefficient cropping and irrigation practices (Ramachandra et al., 2017). Accurate estimation of supply (from canal releases and rainfall) and demand (based on crop type, evapotranspiration and area sown) is essential for improving water use. Budgeting helps identify inefficiencies, guide allocation and inform crop planning. From an economics perspective, assessing water cost, opportunity cost and water productivity is vital for equity and efficiency (Arunkumar and Ambujam, 2010).

This study aims to evaluate seasonal water demand and supply in the NLBC command area through a natural resource economics lens, identifying efficiency gaps and proposing strategies for improved water management.

2. METHODOLOGY
Locale of the Study

The study was carried out in the Narayanpur Left Bank Canal (NLBC) command area, part of the Upper Krishna Project (UKP) in Karnataka. The Narayanpur Dam, built on the Krishna River near Bachihal and Siddapur in Vijayapura district, irrigates around 4.5 lakh hectares. The NLBC is the main canal, stretching 77 km with a discharge capacity of 10,000 cusecs. The total canal network, including distributaries and sub-systems, spans nearly 6,000 km, covering the drought-prone districts of Kalaburagi, Yadgiri and Vijayapura. The system includes five major branch canals: Hunasagi, Indi, Jewargi, Mudbal and Shahpur.
[image: image4.png]Rabi/Summer Annual Total

Kharif

Rainfall

Canal

Rainfall

Canal

Rainfall

Canal

NLBC System (MHaCm)

[ 506
7 O
fo.62

L 1168

L 44

1433

0 5 10 15 20 25

30




Fig. 1 Map Showing the Command Area of the NLBC Main Canal
Nature and sources of data

The present study on water resource budgeting in the Narayanpur Left Bank Canal (NLBC) command area is entirely based on secondary data collected over a ten-year period (2013–14 to 2023–24). Secondary data were sourced from key official agencies, including the Water Resources Department, Command Area Development Authority (CADA), Department of Agriculture, Groundwater Directorate and District Statistical Offices of the study area. Important datasets included the 10-year average canal discharge from the Narayanpur reservoir, annual rainfall data and crop-wise area and cropping pattern data for calculating crop water requirements. Additional inputs like population and livestock census data supported estimates of non-agricultural water demand. These combined datasets facilitated the calculation of total water supply (SOW) and total water demand (DFW), providing the basis for assessing supply-demand gaps and recommending strategies for improving water use efficiency across the NLBC region.
Analytical tools employed
Tabular Analysis:

Tabular analysis is a systematic method of organizing and presenting quantitative data in table format to facilitate easy comparison, interpretation, and decision-making. In the context of this study, it is used to compile and display key variables related to water demand and supply, such as canal inflow, rainfall, crop-wise water requirements and irrigation efficiency. By arranging the data in structured rows and columns, tabular analysis helps in identifying seasonal trends, gaps between supply and demand, and distributional imbalances within the command area. This method enhances clarity, supports cross-sectional and temporal comparisons, and provides a foundation for drawing meaningful conclusions about water use efficiency in the NLBC system.
Supply of Water (SOW):
The supply of water includes the average discharge of canal water to the command area, plus infiltration (surface water availability) from rainfall, minus conveyance losses (Hugar, 1997).
SOW = (DCW + IRF) – CLS ……………… (1)

Where:

· SOW = Supply of Water (ha-cm)

· DCW = Discharge of Canal Water, 10-year average (ha-cm)

· IRF = Infiltration @ 15% of 10-year average rainfall (ha-cm)

· CLS = Average conveyance losses (ha-cm)

Demand for Water (DFW): The demand for water consists of the water requirements of crops, the human population and livestock (Hugar, 1997).
DFW = WRC + WRH + WRL ……………… (2)

Where:

· DFW = Demand for Water (ha-cm)

· WRC = Water Requirement for Crops (ha-cm)

· WRH = Water Requirement for Humans @ 150 litres/day/person (ha-cm)

· WRL = Water Requirement for Livestock @ 35 litres/day/animal (ha-cm)
Explanatory note:


MHaCm (Million hectare-centimetres) is a standard unit in canal irrigation studies, representing the volume of water that can cover one million hectares of land to a depth of one centimetre. It provides a convenient measure for large-scale irrigation water budgeting in India. Notably, 1 MHaCm is equivalent to 3.5307 TMC (Thousand Million Cubic Feet).
3. Results and Discussion
Water Resource Budgeting of NLBC command area
Supply of water resource
The total water supply for the command area included both the average amount of canal water delivered and the rainfall water that soaked into the ground. The supply from each source was calculated separately. After adjusting for water losses during conveyance, the actual amount of water available for irrigation at the field level was estimated.
Pattern of water supply from the canals

The analysis of season-wise canal water supply in the NLBC command area from 2013-14 to 2023-24 shows that a total of 27.40 Million Hectare Centimetres (MHaCm) of water was drawn from the canal system for irrigation (Table 1). Out of this, around 1.19 MHaCm was lost due to conveyance losses such as seepage, evaporation and inefficient distribution infrastructure, resulting in a net water supply of 26.21 MHaCm at the field level. Season-wise, the Kharif season received a higher share of canal water, with 15.07 MHaCm drawn and 0.54 MHaCm lost, leading to a net supply of 14.53 MHaCm accounting for 55.44 per cent of the annual net water supply. This higher allocation during Kharif can be attributed to the greater crop water demand during peak monsoon cropping and the need to supplement irregular rainfall. In contrast, the Rabi/Summer season had lower total water drawn, amounting to 12.33 MHaCm, and higher conveyance losses of 0.65 MHaCm, possibly due to longer conveyance routes, increased evaporation during hotter months, and residual inefficiencies in the system. This resulted in a net water supply of 11.68 MHaCm, making up 44.56 per cent of the annual total. Overall, the data indicates seasonal variation in water supply driven by crop requirements, climatic conditions, and canal performance, with conveyance losses amounting to approximately 4.34 per cent of the total water drawn.

Similar seasonal imbalances and the significance of conveyance losses have also been reported in previous water budgeting studies. Mujataba (2022), in a study of an irrigation channel in Southern Punjab, Pakistan, highlighted comparable losses due to seepage and inefficient infrastructure. Likewise, Butt et al. (2021), in their water budget assessment of the Lower Bari Doab Canal in Sahiwal, emphasized not only the importance of estimating canal water flows and losses but also the critical role of supplemental groundwater, particularly in regions experiencing seasonal deficits. These studies reinforce the need for accurate water budgeting and improved infrastructure to ensure equitable and efficient water distribution in canal command areas like NLBC.
Table 1: Season-wise water supply from canal at NLBC command area (2013-14 to 2023-24) 






                             (MHaCm)
	Sl. No.
	Season
	Particulars
	NLBC System

	1
	Kharif


	Total water drawn
	15.07

	
	
	Conveyance losses
	0.54

	
	
	Net water supply
	14.53 (55.44)

	2
	Rabi/Summer


	Total water drawn
	12.33

	
	
	Conveyance losses
	0.65

	
	
	Net water supply
	11.68 (44.56)

	3
	Total Water Supply


	Total water drawn
	27.40

	
	
	Conveyance losses
	1.19

	
	
	Net water supply
	26.21 (100.00)


Note: Figures in parentheses indicate percentages to total

Pattern of water supply from the Rainfall

The assessment of season-wise water receipt from rainfall in the NLBC command area from 2013–14 to 2023–24 reveals that the region received a total average rainfall of 82.68 cm annually. This rainfall contributed to a gross surface water supply of 33.79 MHaCm across the entire command area of 408.70 thousand hectares (Table 2). However, to estimate the actual water available for irrigation, monthly average rainfall data over 10 years was used and based on the soil type of the study area, only 15 per cent of the rainfall received was considered as effective surface water availability. After accounting for losses due to runoff, deep percolation, and evaporation, the net usable water from rainfall was estimated at 5.06 MHaCm. 
Table 2: Season-wise water receipt from rainfall at NLBC command area (2013-14 to 2023-24)







        
(MHaCm)

	Sl. No.
	Season
	Particulars
	NLBC System

	1
	Kharif


	Average Rainfall (cm)
	72.51

	
	
	Gross Command Area (000 ha)
	408.70

	
	
	Gross Water Supply (MHaCm) 
	29.63

	
	
	Net Water Supply (MHaCm)
	4.44 (87.75)

	2
	Rabi/Summer


	Average Rainfall (cm)
	10.17

	
	
	Gross Command Area (000 ha)
	408.70

	
	
	Gross Water Supply (MHaCm)
	4.16

	
	
	Net Water Supply (MHaCm)
	0.62 (12.25)

	3
	Total Water Receipt


	Average Rainfall (cm)
	82.68

	
	
	Gross Command Area (000 ha)
	408.70

	
	
	Gross Water Supply (MHaCm)
	33.79

	 
	 
	Net Water Supply (MHaCm)
	5.06 (100.00)


Note: Figures in parentheses indicate percentages to total

Seasonally, the Kharif season received the highest average rainfall of 72.51 cm, which led to a gross water supply of 29.63 MHaCm and a net availability of 4.44 MHaCm, contributing 87.75 per cent of the annual rainfall-based supply. This dominance is due to heavy monsoonal precipitation concentrated during Kharif, making it the main season for rain-fed irrigation. In contrast, the Rabi/Summer season recorded only 10.17 cm of rainfall, resulting in a gross water supply of 4.16 MHaCm and a net of just 0.62 MHaCm, or 12.25 per cent of the total. The extremely low contribution in this season is due to scarce rainfall and higher evaporation rates, indicating a greater dependence on canal water during Rabi/Summer. This analysis highlights both the seasonal variability in rainfall and the importance of using realistic conversion factors based on soil and climatic conditions for estimating actual water availability.
The importance of accounting for seasonal rainfall variability and its actual usability is further underscored by Sakib (2024), who, in his study of the Bandar canal command area in the Krishna Central Delta of Andhra Pradesh, emphasized the critical link between rainfall patterns, soil characteristics and groundwater recharge. Such findings reinforce the necessity of realistic estimation methods to assess effective rainfall contributions in irrigated command areas like NLBC.
Aggregate supply of water

Table 3 reveals the aggregate water resource availability in the NLBC command area from 2013–14 to 2023–24 estimated by combining the net supply from both canal irrigation and effective rainfall. The total annual water availability at the field level amounted to 31.27 Million Hectare Centimetres (MHaCm). Of this, canal water contributed the majority share of 26.21 MHaCm, while rainfall contributed 5.06 MHaCm, reflecting the significant role of canal infrastructure in supporting irrigation across the region. 
Season-wise, the Kharif season accounted for the largest share of total water availability, with 14.53 MHaCm from canal water and 4.44 MHaCm from rainfall, making up a combined 18.97 MHaCm or 60.67 per cent of the total annual water supply. This higher share is due to both the monsoon-driven rainfall and increased canal releases to support water-intensive crops during the season. On the other hand, the Rabi/Summer season saw a total water availability of 12.30 MHaCm, consisting of 11.68 MHaCm from canal water and just 0.62 MHaCm from rainfall, contributing 39.33 per cent of the total supply (Fig. 2). Similar challenges in balancing seasonal water supply and demand have been documented in other semi-arid regions. For instance, Lopez et al. (2020) employed the SWAT model to evaluate irrigation water demand in the Guadalupe River basin of Mexico, highlighting the complexities of managing limited water resources for both agricultural and municipal needs.
Demand for water resource
The water demand in the NLBC command area was assessed by evaluating the current levels of water utilization by crops, human population and livestock, along with the designed duty of the irrigation system. This comprehensive approach helped estimate the overall water requirement from various sources, and the results have been systematically presented under the following subheadings.
Table 3: Aggregate supply of water from different sources in NLBC command area (2013-14 to 2023-24)



        

            (MHaCm)

	Sl. No.
	Season
	Source
	NLBC System

	1
	Kharif


	Canal
	14.53

	
	
	Rainfall
	4.44

	
	
	Sub Total
	18.97 (60.67)

	2
	Rabi/Summer

	Canal
	11.68

	
	
	Rainfall
	0.62

	
	
	Sub Total
	12.30 (39.33)

	3
	Total Water Supply


	Canal
	26.21

	
	
	Rainfall
	5.06

	 
	 
	Total
	31.27 (100.00)


Note: Figures in parentheses indicate percentages to total
Fig. 2: Aggregate supply of water from different sources
Existing water demand by crops
The Table 4 represents the estimated annual irrigation water demand for various crops grown in the NLBC command area from 2013–14 to 2023–24, categorized by Kharif, Rabi and bi-seasonal crops. It includes each crop’s recommended water requirement (cm/ha), the area under cultivation (in ha), the total water required (MHaCm) and the percentage contribution to total water use.

In the Kharif season, paddy has the highest water requirement of 121 centimetre per hectare and is grown on 91,877.42 hectare, resulting in a total water demand of 11.11 MHaCm, which accounts for 34.30 per cent of the total irrigation water. Other Kharif crops include groundnut (63 cm/ha, 20,452.27 ha) requiring 1.29 MHaCm (3.98 %), and jowar (48 cm/ha, 5,334.80 ha) needing 0.26 MHaCm (0.79 %). Additionally, three categories of mixed crops (Mix Crop 1, 2 and 3), all with recommended water use of 32 cm/ha, collectively span about 2,09,214.07 ha and require 6.69 MHaCm, contributing 20.65 per cent to the total. 
Table 4: Estimated annual demand for irrigation water for different crops in NLBC command area during 2013-14 to 2023-24

	Season
	Crop
	Recommended Water Requirement (cm)/ha
	Area (ha.)
	Total Water Requirement (MHaCm)
	Per cent

	Kharif 
	Paddy
	121
	91877.42
	11.11
	34.30

	 
	Groundnut
	63
	20452.27
	1.29
	3.98

	 
	Jowar
	48
	5334.80
	0.26
	0.79

	 
	Mix Crop 1
	32
	79751.20
	2.55
	7.87

	 
	Mix Crop 2
	32
	71600.03
	2.29
	7.07

	 
	Mix Crop 3
	32
	57862.84
	1.85
	5.71

	 
	Sub Total
	 
	326878.56
	19.35
	59.73

	Rabi 
	Paddy
	121
	47022.13
	5.69
	17.56

	 
	Groundnut
	63
	10863.13
	0.68
	2.11

	 
	Jowar
	48
	7749.54
	0.37
	1.15

	 
	Mix Crop 1
	32
	20796.89
	0.67
	2.05

	 
	Mix Crop 2
	32
	30991.39
	0.99
	3.06

	 
	Sub Total
	 
	117423.08
	8.40
	25.93

	Bi-seasonal
	Sugarcane
	178
	22696.02
	4.04
	12.47

	 
	Cotton
	75
	8129.10
	0.61
	1.87

	 
	Sub Total
	 
	30825.12
	4.65
	14.34

	 
	Grand Total
	 
	475126.76
	32.40
	 100.00


Note: Mix crops are the crops in small area like chilli, wheat and vegetables which are not identified on collected images of National Remote Sensing Centre (NRSC)
In the Rabi season, paddy again dominates in both area (47,022.13 ha) and water demand (121 cm/ha), consuming 17.56 per cent of total annual demand. Other crops like groundnut (63 cm/ha, 10,863.13 ha) and jowar (48 cm/ha, 7,749.54 ha) have significantly lower water demands, at 0.68 MHaCm (2.11%) and 0.37 MHaCm (1.15%), respectively. The Rabi mixed crops, also with 32 centimetre per hectare recommended water, include Mix Crop 1 and 2, totalling 51,788.28 ha and requiring 1.66 MHaCm, which is 5.11 per cent of total demand.

Under the bi-seasonal crops, sugarcane stands out with a very high-water requirement of 178 centimetre per hectare, cultivated over 22,696.02 ha, leading to 4.04 MHaCm (12.47%) water usage. Cotton, requiring 75 centimetre per hectare and grown on 8,129.10 ha, adds another 0.61 MHaCm (1.87%). Together, the bi-seasonal crops require 4.65 MHaCm, accounting for 14.34 per cent of the total irrigation demand.
The results clearly demonstrate that a few crops especially paddy and sugarcane disproportionately contribute to total irrigation water use due to their high per-hectare water needs and large cultivation areas. These findings align with those of Hugar (1997), who assessed the performance of canal irrigation systems in the Tungabhadra Project and observed similar inefficiencies arising from water-intensive crops and uneven distribution of irrigation supplies. Thus, the results quantify the crop-wise and season-wise distribution of irrigation water use, clearly showing how certain crops especially paddy and sugarcane dominate both area and water consumption due to their high per-hectare water requirements and the extent of cultivation.
Existing water demand by different sources
Table 5 presents the season- and purpose-wise water demand in the NLBC command area from 2013–14 to 2023–24, with the total annual requirement estimated at 36.18 MHaCm.

During the Kharif season, demand peaks at 20.96 MHaCm (57.93%), primarily driven by agriculture (19.35 MHaCm; 53.48%), due to intensive paddy cultivation (requiring ~121 cm/ha) and high cropping intensity. Domestic demand is 1.37 MHaCm (3.79%), and livestock accounts for 0.24 MHaCm (0.66%), reflecting continued reliance on canal water despite monsoon rains. In the Rabi and Summer seasons, total demand drops to 10.57 MHaCm (29.22%), with agriculture at 8.40 MHaCm (23.22%) as irrigated crops like wheat and vegetables require less water. Domestic use rises to 1.86 MHaCm (5.14%), and livestock to 0.31 MHaCm (0.86%), due to limited alternative sources during the dry season.

The bi-seasonal period accounts for 4.65 MHaCm (12.85%), entirely for agriculture mainly long-duration crops like sugarcane (~178 cm/ha) and cotton. Though area under these crops is smaller, their high-water intensity makes them significant contributors. Cumulatively, agriculture dominates water use with 32.40 MHaCm (89.55%), followed by domestic needs (3.23 MHaCm; 8.93%) and livestock (0.55 MHaCm; 1.52%). These trends mirror findings from Butt et al. (2021) and Hugar (1997), emphasizing the importance of diversified demand assessment in canal command areas.

Overall, the data highlights seasonal variation and competing demands, with Kharif exerting the greatest pressure, while non-agricultural uses become more prominent in dry seasons. The persistent burden from bi-seasonal crops underscores the need for efficient, equitable water resource management to support both farming and rural livelihoods.

Table 5: Season-wise aggregate demand for water for different purposes in NLBC command area during 2013-14 to 2023-24 

	Sl. No.
	Season/Purpose
	Existing Demand

	
	
	(MHaCm)
	%

	1
	Kharif
	
	

	
	Agriculture
	19.35
	53.48

	
	Human Population
	1.37
	3.79

	
	Livestock
	0.24
	0.66

	
	Sub Total
	20.96
	57.93

	2
	Rabi/Summer
	 
	 

	
	Agriculture
	8.40
	23.22

	
	Human Population
	1.86
	5.14

	
	Livestock
	0.31
	0.86

	
	Sub Total
	10.57
	29.22

	3
	Bi-seasonal
	 
	 

	
	Agriculture
	4.65
	12.85

	4
	Annual Total
	 
	 

	
	Agriculture
	32.40
	89.55

	
	Human Population
	3.23
	8.93

	
	Livestock
	0.55
	1.52

	
	Total
	36.18
	100.00


Note: Figures in parentheses indicate percentages to total

Existing water budget

Bringing together the estimates of existing supply and demand, a comprehensive water budget was prepared for the Narayanpur Left Bank Canal (NLBC) command area, covering the period from 2013–14 to 2023–24. This budget provides a quantitative assessment of water availability (supply) in relation to estimated requirements (demand) for agriculture, domestic use and livestock. Its objective is to evaluate whether existing resources are sufficient to meet seasonal and annual needs, identify deficits or surpluses and inform planning for efficient and sustainable water use. The detailed data are presented in Table 6.

The table compares available supply and estimated demand across seasons, revealing a consistent shortfall in water availability. In the Kharif season, the estimated supply is 18.97 MHaCm, while demand stands at 20.96 MHaCm, resulting in a deficit of 1.99 MHaCm, or 10.50 per cent below requirement. This shortfall, despite Kharif aligning with the monsoon, can be attributed to the dominance of paddy cultivation, which has a high-water requirement (~121 cm/ha), expansion of irrigated area, and the inclusion of mixed crops. Further losses are likely due to conveyance inefficiencies, including seepage, evaporation, and suboptimal field-level water application. These findings are consistent with those of Hugar (1997), who documented similar issues in the Tungabhadra Project.

During the Rabi/Summer season, the supply is estimated at 12.30 MHaCm, while demand increases to 15.22 MHaCm, leading to a deficit of 2.92 MHaCm, or 23.73 per cent below the seasonal requirement (Fig. 3). As shown in Table 5, the Rabi/Summer demand ratio is 10.57 MHaCm and the bi-seasonal ratio is 4.65 MHaCm, whereas Table 6 indicates a higher Rabi/Summer demand ratio of 15.22 MHaCm. Here, the term MHaCm represents Rabi/Summer demand in combination with the bi-seasonal component. The larger deficit in this season reflects the absence of rainfall, making canal water the sole irrigation source. In addition, crops such as sugarcane and vegetables, which are commonly grown during this period, have relatively high-water needs or extended growth durations. Furthermore, the increased reliance on canal water for domestic and livestock consumption during dry months compounds pressure on limited resources.

Similar integrated water budgeting approaches have been adopted in other regions. Kishore (2013) examined demand- and supply-side interventions in Gujarat to address regional water imbalances, while Yee et al. (2009) assessed water security in the Krishna River Basin using models like the Policy Dialogue Model to project future demand and evaluate shortages. These studies support the methodology and findings of the present analysis. When combined across seasons, the total available supply is 31.27 MHaCm, compared to a total demand of 36.18 MHaCm, resulting in a cumulative deficit of 4.91 MHaCm, or approximately 15.70 per cent shortfall. This persistent imbalance between supply and demand emphasizes the need for urgent water management reforms.
To address the shortfall, several interventions are recommended: modernization of canal infrastructure, adoption of water-saving irrigation techniques like drip and sprinkler systems, discouraging cultivation of water-intensive crops, and improving water distribution scheduling for equitable and efficient use. Implementing these strategies is essential to ensure long-term water sustainability and agricultural productivity in the NLBC command area.
Table 6: Supply and demand (budgeting) of water resource in NLBC command area         (2013-14 to 2023-24)




                                     (MHaCm)
	Sl. No.
	Season
	Supply
	Demand
	Deficit 
	Per cent supply

	1
	Kharif
	18.97
	20.96
	- 1.99
	- 10.50

	2
	Rabi/Summer
	12.30
	15.22
	- 2.92
	- 23.73

	
	Total
	31.27
	36.18
	- 4.91
	- 15.70

	
	
	
	
	
	


Fig. 3: Supply and demand of water in NLBC command area
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Conclusion:

The water resource budgeting of the Narayanpur Left Bank Canal (NLBC) command area revealed a persistent shortfall of 4.91 MHaCm (15.70%), with deficits occurring in both Kharif and Rabi/Summer seasons, the latter being more severe due to absence of rainfall and higher reliance on canal water. Canal irrigation contributed the majority of supply, while effective rainfall played only a supplementary role, particularly in Kharif. The dominance of water-intensive crops such as paddy and sugarcane further widened the gap between supply and demand. These results highlight the urgent need for improving canal efficiency, adopting water-saving irrigation methods, promoting less water-intensive cropping patterns and strengthening distribution management to ensure sustainable water use and agricultural productivity in the NLBC command area.
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