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Introduction

The great challenge for the coming decades will be the task of increasing food production with
less water, particularly in countries with limited water and land resources. While on a global
scale water resources are still ample, serious water shortages are developing in the arid and
semi-arid regions, as existing water resources reach full exploitation. The situation is
exacerbated by the declining quality of water and soil resources. The dependency on water has
become a critical constraint for further progress and threatens to slow down development,
endangering food supplies and aggravating rural poverty. Water productivity for food
production was raised as one of the major issues at the Second World Water Forum convened in
March 2000 by the World Water Council in The Hague, the Netherlands, where a vision towards
water security was presented and a framework for action to achieve this. One of its main targets
was defined as the need to increase water productivity for food production from rainfed and
irrigated agriculture by 30% in 2015.

Recent studies by the International Water Management Institute (IWMI) indicate that one-third
of the population of developing countries lives in regions that have absolute water scarcity, in
the sense that they do not have sufficient water resources to meet their agricultural, domestic,
industrial and environmental needs in the year 2025, which can be seen in Figure 1 (Seckler
et al., 1998a, b). One of the ways of alleviating water scarcity is by increasing the efficiency of
water use. Growing scarcity of water for agricultural and other uses demands increase in water
productivity to ease water scarcity. Water has multiple uses. Since the irrigation efficiency
defined earlier does not take into account the water, which can be reused in the system, there is
a dire need to review the concept, methodology and constraints to develop our understanding
about utilization of water and water productivity.
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Figure 1. Projected Water Scarcity in 2025
1



Water productivity can be defined as the amount of food produced per unit volume of water used
or depleted or diverted (Guerra et al., 1998). They stressed the importance of specifying the
components, which are included when calculating water productivity because the uses may
have various components such as evaporation, transpiration, gross inflow, net inflow etc.
Increasing the productivity of water means, in its real sense, getting more benefit from every
unit of water used for various production systems. The definition of water productivity is scale
dependent. From the farmer's viewpoint, it means getting more production per unit of irrigation
water. But, at a river basin scale or at the country level, this means getting more value/benefit
per unit of water resource used. In general water productivity is a function of water applied,
which depends on space scale and generally increases from small plots to large domains at basic
scale because applied water is recycled and reused.

The term water productivity is used exclusively to denote the amount or value of product over
volume or value of water depleted or diverted or used. The value of the product may be
expressed in different terms (biomass, grain, money). For example, the so-called 'crop per
drop' approach focuses on the amount of product per unit of water. Another approach considers
differences in the nutritional values of different crops, or that the same quantity of one crop
feeds more people than the same quantity of another crop. When speaking of food security, it is
important to account for such criteria (Renault and Wallender, 2000). Increasing productivity of
water is gaining its importance where water is a scarce resource. Water Productivity in
agriculture broadly denotes the amount of value of product (i.e. crop or food) over volume or
value of water used or depleted or diverted. This varies across use or users and scales i.e., field
to basin. To increase water productivity means increasing 'nutrient per drop', 'food per drop',
‘capita per drop', 'jobs per drop', and 'sustainable livelihoods per drop'. By growing more food
with less water, more water will be available for other natural and human uses.

There are limited studies available on water productivity and these are mostly confined to crops
alone. An attempt has been made in this synthesis research activity of CPWF Indo-Gangetic
Basin Unit to review the understanding and analysis of water productivity. This case study
elaborates the process involved in estimating water productivity for the command of RP
Channel-5 of Patna Main Canal in the Sone Command at Patna and tube well command in
Vaishali, Bihar.

Description of the target area

Right Parallel Channel V (RPC-V), Bihar

Sone canal system is one of the oldest irrigation systems operating since 1874. The Eastern link
canal originates from a barrage located at Indrapuri (in Aurangabad district, Bihar) and Patna
Main Canal (PMC) emanates from the Main eastern canal at Barun (8 km from the barrage). Itis
124.8 km long and the total command area is 164, 443 ha, out of which 74% is irrigated during
Kharif season (Figure 2). The Distributary RPC-V originates from the gated diversion at 61.40
miles on PMC about 0.78 km before Bikram lock (fall). The command area (25°25'40” -
25°27'40" N, 84°52'40"” - 84°56'45" E) covers about 21 villages, some of which lie partially in
the command. RPC-V is 6.1 km long, runs parallel to PMC on right side and again meets PMC to
discharge the surplus flow.



Figure 2. Map of the command area of RP€ V distributary

Tubewell Command, Vashali, Bihar

The Vaishali district is located at 25° to 30° N latitude and 84° to 85° E longitude. The District is
surrounded by river Ganga in south -and Gandak in west. District Muzaffarpur is in north &
Samastipurin East (Figure 3). The District is in semi tropical Gangetic plane.

VAISHALI

Figure 3. Map of Vaishali district

Tube wells are the major source of irrigation in this district. Around 58 percent area is irrigated
through tube wells. Government tube wells cover an area of 4797 ha. Shallow open wells are the

next important source which covers nearly 13 .



percent of irrigated area. Around 9 % of irrigated area gets water from canals while another
10% areaisirrigated through ponds and other sources.

Material and Methods

The basic question in water productivity assessment is 'which crop/which drop' to be considered
as numerator and denominator. This is aptly answered by identifying the scale at which we
measure water productivity. As we move from one scale to another, the potential utility of some
water changes. Water accounting employed to estimate the flows across the boundaries of the
domain, provides a means to generalize water use across scales, and to understand the
denominator of the water productivity (Molden and Sakthivadivel, 1999). Analytical framework
of water accounting at field and basin scale is shown in Figure 4 (a & b), water enters the domain
by rain, subsurface flows and through irrigation supplies when irrigation is available.
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Figure 4a. Inflows and outflows of water in and out of the domain at field scale.
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Figure 4b. Generalized water accounting diagram applicable to basi
analysis at other scales (Molden and Sakthivadivel
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' Assessment of water productivity

Water productivity may be computed during crop period or whole year considering the
production value first from crops only (crop water productivity) and then considering other
water users including trees, livestock and fish (agricultural water productivity) in case of
multiple uses per unit of water inflow (including rainfall, ground water and canal water) as well
as water used (total inflow excluding runoff) in the field, farm, irrigation system, basin and
landscape. At the field level agronomists evaluate the productivity of water through water use
efficiency, the ratio of yield to water consumed (kg/m?) by the crop through evapotranspiration
(Doorcubos and Kassam 1979; Kijne et al., 2003) or as the yield per unit depth of water per area
kg/ha/mm (Gregory 97). Biomass yield may also include straw and roots if they have an
economic value. Murray-Rust et al. (2003) analyzed the water productivity and water saving
initiatives in the Syr-Darya river basin of central Asia. Water delivery, crop yields and water”
productivity were used as major indicators of performance of the irrigation system of the river
basin. They used standardized gross value production (SGVP) approach to generate gross farm
income and considered the volume of water delivered to the head of the each unit. The
accuracy of water productivity assessment depends on water accounting procedures or
estimation of water used by various users and water lost in various processes. Water accounting
provides a means to generalize about water use across scales, and to better understand the
denominator of the water productivity. Water accounting can be applied at all scales of interests,
and requires the definition of a domain bounded in three-dimensional space and time. For
example, at the field scale, this could be from the top of the plant canopy to the bottom of the
root zone, bounded by the edges of the field, over a growing season. The task in water
accounting is to estimate the flows across the boundaries of the domain during the specified
time period. At the field scale, water enters the domain by rain, by subsurface flows and, when
irrigation is available, through irrigation supplies. Water is depleted by the growing plants
through the transpiration and evaporation process while, the remainder flows out of the domain
as surface runoff or subsurface flows or is retained as soil moisture storage. In estimation of
water productivity, we are interested in water inflows (rain plus irrigation, or just rainwater in
rain-fed agriculture) and water depletion (evaporation and transpiration) as shown in Figure 4a.
As most of the water productivity assessment methodology dealt with single crop,
methodologies were developed for assessment of water productivity in a multiple use scenario
including crops, livestock, fisheries, and forests. Water productivity assessment was initiated in
the command of RP Channel-5 of Patna Main Canal in the selected outlets (Outlet no. 4, 17 and
27) in the Sone Command at Patna and tubewell commands (Tubewell no. 2 and 11) in Vaishali,
Bihar.

Methodologies adapted to estimate the water productivity in the command of RP Channel-5 and
in Vaishali are described in further section.

Comprehensive Survey

A small study was initiated in three outlet commands of RP Channel V distributary of Patna Main
Canal under Sone Canal System and two tube well commands in Vaishali District of Bihar. The
basis of selection for outlet is representation of head, middle and tail reach of RP Channel V,
whereas for tubewell commands, the criteria is land consolidation in one tubewell command and
fragmentation in other. Relevant data on irrigation water supplies from the tube wells and canal
water, cropping pattern, and yields were collected periodically.
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Kharif as well as in Rabi seasons. This
average value product includes both main
product as well as byproduct. Actual area
under different crops was derived from the
plot wise data obtained from GIS mapping
technique. Value production of each crop
was derived by multiplying the area under
each crop with respective average value
product per unit area. The value product
from various crops was added to get total
value production from crops.






































































