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ABSTRACT
Food and nutrition pose significant threats to societies, ecosystems and humanity. Irrigated agriculture has nexus with land, water, and
energy. Nation’s economic well being is dependent on sustainability of natural resources. Climate smart precision agriculture
agric
may be one
way-out.
out. To eliminate hunger, food insecurity and malnutrition agriculture, forestry and fisheries have to be more productive that
tha enables
efficient agricultural and inclusive food systems. Soil health is one of major constraints of our poor
poor crop yields. Almost all of the districts of
the Uttar Pradesh state are nutrient-deficient.
deficient. Similarly, irrigation has a strong impact on agricultural productivity and growth. Water
security sustains food security. Over 81% of net crop area of the State is irrigated. Canal and groundwater contribution in gross irrigated
area is in 1:3 ratios respectively. Up to 20% of canal commands suffer with dual problems of water logging and salinity and tube-well
t
command witness permanent lowering of water table. Conjunctive
Conjunctive use happens by default and not by planning. Our survey in 150 years old
Upper Ganga and Lower Ganga Canal command areas accessed that 42% of the gross irrigated area is commanded by privately owned
shallow tube-wells,
wells, 33% of the groundwater irrigated
irrigated area come under conjunctive use and about 20% of the gross cropped area is rainrain
fed. Surface water use in UGC is about three times more than required. Over use of groundwater and flood irrigation by canals undermines
sustainability of soil and water resources
esources in the state. Improved and equitable canal water flow will promote conjunctive use of water and
shifting of irrigation source from groundwater to canal water, which will be more pronounced in the tail and middle reaches of
o the
command area.
This paper
aper describes analysis of farmers survey conducted for estimating demand function for irrigation water to create counterfactual
counterfact
analytical framework for scenarios, if say, 20% canal water is less diverted, what will be the farmers reaction. The ultimate aim of such
initiative is to ascertain the possibilities to enhance the flows in the river to regain the health of the river Ganga. Hence,
Hence any bearing of
policy, practices, or prices will result in shifts in the demand schedule, thereby entailing changes in the water use efficiency.
Enhancing agricultural productivity and on-farm
farm water management aiming to improve the overall agriculture productivity and water use
efficiency at the field level under UP Water Sector Restructuring Project Phase 1 (2002-11)
(2002
andd ongoing Phase
Phase-2 (2013-20) at outlet
command areas where improvement in irrigation water availability and timely support to water user associations will be integr
integrated with
improved agriculture production and on-farm
farm water management practices. The analysis
analysis underlines the critical importance of converging
rehabilitation investments with investments in agriculture and institutions below outlet levels to realize the optimum returns
return to
rehabilitation investments. Inclusion of benefits from such interventions coming
coming from agriculture intensification (71%) substantially
improved the ERR from 7.7% (irrigated area expansion by 20% only) to over 19%. This gives a clue how to improvise agriculture and
water productivity through Farmer Water School.
WWF-India conducted farmers’ survey in Lower Ganga Canal (UGC) & Upper Ganga Canal command for “Restoring the GangaGanga
Healthier Rivers for safer water and more productive agro
agro-ecosystems”
ecosystems” research project of IWMI . These results which map the farmers’
willingness to change in improving water and agriculture productivity are shared here.
Key Words:: Agriculture productivity, Water productivity, Ecosystems, Resource sustainability, Canal command area, On-farm
On
water

INTRODUCTION
The national river Ganga is revered by millions of
countrymen. This reverence is not only for socio
socio-cultural
reasons, but also for providing valuable resources for food
production in the Indo-Gangetic
Gangetic plains. The silt-laden
silt
water
used for irrigation
on makes the land fertile and provides much
required watering for the crop fields. Therefore, in true
sense, the river Ganga is a lifeline for the country. Resource
intensive farming has been seen all along the Ganga river
Fig.1.
Government of India identifies investments in the
agriculture sector as effective means to reducing poverty.
Seeds and irrigation are highlighted as priority assets, which
can be catalysts for raising productivity on the supply side.
The overall management of water resources is also
highlighted as a challenge requiring attenti
attention in the
Approach Paper for XII FYP (2012-17,
(2012
GOI). The

components and activities identified in the UPWSRP PhasePhase
2 support directly
y these GOI planning objectives by way of
o

“Strengthening
Strengthening of the institutional and policy
framework for integrated water resources management
for the entire state of Uttar Pradesh; and

o

Increase agricultural productivity and water
productivity by supporting farmers
farme in targeted irrigated
areas.”

Project Area: Government of Uttar Pradesh is
implementing the Water Sector Restricting Project-II
Project (The
World Bank aided) since 24-10-2013
24
till 31st Oct, 2020 at
total project cost US $ 515 in Haidergarh branch canal
system of Sarda Sahayak (HBCS), Lower Ganga Canal
System (LGCS) and Rohini Sajnam Jamini Dam Canal
System,, (RSJDCS) falling in four agro-climatic zone viz.
eastern plain, central plain, south western semi arid and
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Delineation of Resource Intensive Districts
(Water and N Fertilizer)

Proposed Area UPWSRP Phase II

2

Fig. 1: Credit: Astad Pastakia,WWF-India, 2014
Bundelkhand respectively, spread in 19 districts (Barabanki,
Sultanpur, Pratapgarh, Amethi, Jaunpur, Raibariely Etawah,
Auraiya, Kannauj, Fatehpur, Kanpur nagar, Kanpur dehat,
Farrukhabad, Kaushambi, Kasganj, Etah, Mainpuri,
Firojabad and Lalitpur) covering an command area of
1239919 hectare. It is estimated that the project would
positively impact over 1 million farm families, strengthen
over 2000 WUAs (at the minor level with over 200 at
distributary level and over 20000 at the outlet level). 270000
farmers from 9000 Farmer Water School (FWS) shall be
trained. Statewide education campaigns on Participatory
Irrigation Management, Flood Management Information
System and flood forecasting tools to be developed for the
Rapti Basin is expected to impact a population of about 1

Component & Cost
Component-A
($ 15 million)

Component-B
($ 326 M)
Component-C
($ 42 M)
Component-D
($ 32 M)
Component-E
($ 2 M)
Component-F
($ 23 M)

Fig. 2: Project location Map under UPWSRP Phase-II
million people covering over 1.8 million ha. Map showing
selected area of UPWSRP-II is given in Fig.2.

Project Components
Enhancing Agricultural Productivity and On-farm
Water Management
It is envisaged that use of a specifically developed FWS,
demonstrations as a mechanism to introduce improved
agronomic and water management practices, and also to
develop the institutional capacity of WUAs for water
management, operation and maintenance. The FWS will be a
group of 20-30 farmers serving about 15-20 ha of a single
outlet. The concept of FWS will borrow heavily from the
FAO Farmer Field School models implemented successfully

Activities
Strengthening of state level water institutions
and inter- sector coordination

Implementing Agency
UP Water Management and Regulatory
Commission (UPWaMReC), Water and Land
Management Institute (WALMI), State Water
Resource Agency (SWaRA), and State Water
Resource Data Analysis Centre (SWaRDAC)
UPID and GWD

Modernisation of irrigation and drainage system,
groundwater management activities
Consolidation and enhancement of irrigation UPID, PIM, SIRD
institutional reforms
Enhancing agricultural productivity and on-farm Department of Agriculture
water management
Feasibility studies and preparation activities for UPID
Next phase
Project coordination and monitoring: monitoring PACT, RSAC
of crop performance using remote sensing
imagery
Total $ 440 M
Physical
contingencies
(2%)
+
Price
contingencies (15%)
$ 75M
Total project costs $
Government of Uttar Pradesh share (30%)
$155 M
515 M
World Bank share (70%)
$360 M
Source: Project Appraisal Document, WB Report No. 73422-IN, July 17, 2013.
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Table 1: Share of cost of inputs (%) in production of different crops in Uttar Pradesh (2012-13) prices
Crop

1
Paddy-grade- A
Basmati
Jowar
Bajara
Maize
Urd
Mung
Arhar
Ground nut
Soya bean
Wheat
Chana
Matar
Masoor
Mus-tered
Potato

Human
Labour

Animal
Labour

Machine
Labour

Total
Labour
(2+3+4)

Seed

Fertliliser

Irrig
ation

Plant
protection

Land
rent

Insurance

2
39.28
39.58
34.24
34.49
35.40
31.04
31.22
36.07
26.87
19.32
20.27
21.05
21.05
20.64
24.91
25.13

3
2.17
2.15
0.46
0.84
0.78
0.80
1.33
-

4
9.12
8.03
16.78
15.36
15.42
18.91
17.45
10.82
13.01
17.29
18.47
18.65
16.99
19.17
18.14
9.14

5
50.11
45.96
53.21
49.86
50.83
49.96
49.97
44.20
49.09
44.17
37.34
39.77
39.61
40.63
44.32
34.27

6
4.89
7.25
2.50
3.97
3.37
5.43
5.74
3.87
9.57
11.21
6.47
12.07
9.55
9.38
1.55
40.43

7
6.37
7.25
3.26
4.69
7.65
3.79
2.35
2.82
4.07
3.84
9.75
2.84
5.88
5.01
7.66
13.24

8
8.92
10.77
4.07
4.85
4.49
0.97
0.89
5.96
6.78
5.00
11.15
4.56
6.43
6.10
10.65
8.06

9
0.91
0.87
0.22
0.89
0.76
0.69
1.31
0.95
0.46
3.97

10
26.18
25.28
35.33
33.21
31.31
36.52
38.26
40.55
27.15
31.62
31.06
38.00
35.08
36.43
33,22
-

11
1.62
1.57
0.76
2.27
1.39
1.36
1.17
1.41
1.62
1.80
1.23
1.78
1.94
1.44
1.52
-

Interest
on
working
capital
12
0.96
1.00
0.85
0.88
0.92
0.87
0.81
1.16
0.99
1.01
1.12
0.96
1.02
0.99
1.00
-

Source: Department of Agriculture, U.P.

Table 2: Yield of wheat and rice as compared with India and Uttar Pradesh
Name of
Crop
Wheat
Rice

India
Av. Yield
31.0
24.62

Max. Yield
45.77
39.89

Uttar Pradesh
Achievable yield
32.83
23.57

Max Yield
44.66 (Hapur)
29.11

Minimum Yield
18.35 (Mahoba)
20.00

Credit: Dr Mukesh Gautam, D.G, SIMA, Rehmankhera, presentation at FAO workshop at Lucknow, May-5-7, 2016.
in over 90 countries worldwide. The FWS broad objectives
are:
o

Increase in productivity of rice and wheat in project
command area through crop planning with optimal
conjunctive use of water in a sustainable manner.

o

Increase in productivity and area expansion of pulses
and oil seed, also through conjunctive use,
particularly in the Zaid season.

o

Increase water use efficiency (ridge and furrow
irrigation, border irrigation, raised and sunken beds
etc) and soil fertility (e.g. soil testing for integrated
plant nutrient management) and eco-system based
and ecologically sound crop protection practices (i.e.,
Integrated Pest Management) and pesticide risk
reduction.

o

Establishing the ‘Hamara Culaba’ concept ensuring
involvement and active participation of WUA and
Culaba level farmers in water management and crop
planning.

o

Strengthening the extension system in the project
area to deliver effective messages beyond the project
life time to WUAs and farmers.

o

Support to the development of the institutional
mechanism of Water Users Associations.

Major Constrains in Agriculture
Analysis revealed that fixed cost accounts for 28-46% and
cost of human labour 23-34% of the total cost of production
(refer Table-1). Increased cost of labour and poor yields is
the major constraints that reduce the margin of profit or even
results in losses. Then how to make agriculture more

profitable- by reducing the input cost and increasing the
product cost by value addition of produce through
processing.
Soil Health & Crop Yield:
Use of 1 kg of NPK in 1970 yielded 1560 kg, but this yield
has reduced to 6 kg only due to decline in soil organic matter
from 0.8 to 0.2 in 2010. Almost all districts in Uttar Pradesh
show deficiency in NPK and Zink. Boran deficient
Mahrajganj district has shown short wheat grains. UP is far
behind Punjab and Haryana so for crop yield is concerned
notwithstanding UP is highest producer of Milk, Wheat,
Potato and Sugarcane in the country because of large crop
area. 12 Crop cutting data suggests potential of high yield by
farmers, if best practices are adopted. For example (Table2):
Farm Size: Average farm size is 0.67 ha/capita. About 37%
farm size is marginal and 24% small categories. Majority
of farmers fall in small and marginal category. This small
farm size is commercially not feasible.
Input Cost: The share of cost of inputs in production of
various crops is given in Table-1. How to reduce cost of
cultivation: no tillage, less irrigation, less chemical use, less
seed cost etc., crop insurance against natural calamities,
market forward and backward linkages.
Farm Mechanisation
Index of mechanization in India is 15.22% whereas highest
is 29% in wheat crop. Chinese farm equipment was being
imported at a large scale by US and the Europe and that has
given desired results to their farmers. Similarly, ‘Uttar
Pradesh has also decided to introduce Chines farm
machinery-mainly the combined harvester, water pumps,
reaper and power tillers’. (Aditya Yadav, Chairman, PCF,

23

J. Indian Water Resour. Soc., Vol 37, No. 2, April 2017 (Special Issue)
ToI 13st May, 2016). Farmers may save cost of operation
30-40%, reduction in labour 20-30%, time saving 30-40%,
seed saving 15-20%, fertilizer 15-20%, cropping intensity
15-20% and all this result in increased crop productivity 1015% and farmers become prosperous if such best practices
are informed to them by extension workers or skilled
farmers.
MSP
Increasing farmers margin, minimum support price have not
gone up to the extent industrial wage index have been
revised in the past. MSP for wheat in 1970 was Rs
76/quintal and in 2015 it is up 19 times to Rs 1450/quintal.
Whereas during these 45 years, salary of government
employee rose to 120 to 150 times, University teachers get
150 to 170 times more and primary school teacher gets 280
to 320 times increased pay (Devender Sharma, 2016).
Farmers’ income from wheat and rice in Punjab is Rs 3000
per hectare (CACP) whereas 7th Pay Commission has
recommended salary of a peon as Rs 18000 per month.
Contract labour minimum wage fixed is Rs 10000 per
month. Haryana government gives un-employment
allowance to youth Rs 9000 per month. MSP for wheat
increasing 100 times of 1970 level should have been at least
Rs 7600/ quintal against 2016 MSP Rs 1500/q.

the immediate needs of farmers and are geared towards
encouraging creativity and independence. The FWS
Facilitators play a crucial role in ensuring that the
environment and all resources contribute to the farmers’
learning experience.

Basics of a typical farmer field school includeo

FWS educational methods are
participatory and learner-centered.

o

Preparation meetings precede a FWS to identify
participants, determine needs and develop a learning
contract.

o

Each FWS meeting includes: observations of the field
studies, a group dynamics activity and evaluation of
the session and planning for the following week.

o

Field studies follow the following process:

Crop Yield
Low crop productivity level is often said responsible for
farmer’s low income. One has to consider when Punjab
farmers yield are about equal to farmers in USA, then their

experimental,



Problem identification



Brainstorming and prioritization of options to
address problems,



Design of the field studies (participatory
demonstrations) to test the feasibility of the
prioritized option



Data collection to compare against farmer
practices, develop observation skills and
practice making informed management
decisions.

Table 3: Productivity of mechanized and irrigated agricultural major crops in Punjab as
compared with developed country
Item
Punjab
USA
Britain
Germany
Japan
No. of Tractors per Th. Ha
122
22
76
65
na
Fertilizer in kg /ha
449
103
208
Na
278
Agriculture under irrigation
98%
11.4%
2%
Na
35%
Yield of crops, kg/ha
Wheat/Rice/Maize
7633
7238
7008
7460 France
5920
Source: Prof. H.S. Shergil, Institute of development and communication, Chandigarh.
margin of profit is why so low.

o

The FWS meeting place is close to the field study
plots.

o

A pre and post FWS test.

o

Final meetings of FWS include simple cost benefit
analysis and often include plans for follow-up
activities.

o

In-built monitoring systems

o

All the activities above lead to the development of
institutional capacity of the group.

Why farmers in Punjab commit suicide?
Yield of wheat in Punjab is 4500 kg/ha which is similar to
USA. Yield of paddy in Punjab is 6000 kg/ha which is
almost equal to Chinese level of production (Economic
survey, 2016, GOI). Despite of this high yield and adequate
irrigation coverage (98%) farmers are bound to commit
suicide. As standards of mechanization, chemical
technology, availability of capital, crop yield in Punjab is at
par with any developed country (Table-3).

WAY OUT: CONCEPT
WATER SCHOOL

OF

FARMER

Employing non-formal education methods, the farm is used
as the primary resource for discovery-based learning. The
process is facilitative and respects the experience that
farmers bring with them. Farmers work in small group
(about 25 self selected) to ensure that each one’s ideas are
shared.In the FWS, there is acceptance of the uniqueness of
each participant. The activities are designed to respond to

The FWS uses water management and crop production as
entry points because these are closest to the farmers’ hearts.
The FWS experience allows farmers to experience group
formation that becomes valuable in addressing other
community concerns, for example nutrition and pest control.
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Curriculum Development/ Activities identified
A.

Adaptive Trials/Crop Demonstrations: Motivate
farmers to adopt new practices through demonstration
and field days, with priority for increased water useefficiency related interventions.

It was agreed to have following activities


Land leveling



Making of small size plot and micro leveling



Construction of irrigation channels (gul) and
associated OFD works for even distribution of water.

Direct water efficiency demonstrations
o

Ridge and furrow systems, small-basin irrigation

o

Timely irrigation through the conjunctive use of
water

o

Alternate wetting and drying (SRI system of paddy
cultivation)

o

Micro irrigation

o

Zero tillage seed drills

o

Mulching

Indirect (productivity related) demonstrations

Land leveling: Land leveling is very important for the
improvement of irrigation efficiency. Canal irrigated areas
yield increases up to 20% and water reduction in the order of
50% are achievable when comparing controlled irrigation
compared to the traditional field to field irrigation practices.
Lesser leveller is available in DoAg at district level. It is
rented on hourly cost basis.
Creating sub-plots: The project will support and facilitate
farmers to split larger plots into subplots to increase the
efficiency of irrigation. This will also include other
innovations such as the border check, check basins,
construction of beds or ridges or other water saving
interventions.

o

Use of area specific varieties

o

Use of hybrids

o

Line transplanting

o

Use of short duration variety

o

Line sowing

o

Soil treatment with Trichoderma

o

Quality seeds and seed replacement

o

Integrated nutrient management

o

Timely sowing

o

Timely transplanting

o

Proper plant spacing

o

Proper placement of seed and fertilizer

o

Eco-friendly pest management

o

Soil testing

Project Benefits

B.

Capacity Building: To update skill/knowledge of
farmers in the project area, FWS on different aspects
(land, water and crop management, biodynamic/organic farming, seed multiplication, post
harvest management, IPM, INM on pulses, oil seed,
vegetables, fruits, spices, flower medicinal and
aromatic and cereal crops) shall be organized in situ
for experimental training and farmer to farmer
extension. Additional training assistance for
dissemination of research and training of
trainers/facilitators, knowledge institutions like
SAUs/KVKs and SIMA etc. will be utilized. FAO
Technical Assistance consultants will develop a need
based series of training sessions.

Modernizing and rehabilitating irrigation and drainage
systems with enhancement of agriculture productivity
through institutions involves

C.

On-Farm Development Programme for effective
water management:

Expected Outcome
1.
Increase in productivity MT/ha
Crop

From

To

o Rice

2.00

2.80

o Wheat

2.60

3.80

o Total

4.60

6.60

2.

20% area expansion of pulses and other crops in Zaid

3.

Increase cropping intensity to about 205% in project
command area from present 153%.

4.

Increase community participation particularly women
involvement in Agriculure sector.

5.

Increase percentage of WUAs’s activity engaged in
crop water planning and executing activities at the
field level in crop production process.

(a)

Restoring the irrigation service to cover 93% of the
designed irrigation area (DIA) as against 61% (WOP)
benefiting a total CCA of 0.60 million ha operated by
717000 farmers (HG, LGC & BKND systems), 91 %
of whom are small farm holders; and

(b)

Enhancing agriculture productivity, covering 0.94
million ha (including 0.34 mha phase-I areas, as
incremental benefits over already achieved) for
institution led crop productivity and efficiency
improvements which will also serve as a model for
scaling up into phase-II areas.

The main sources of benefits are as follows
i.

Expansion in irrigation service, which will come
from modernization and rehabilitation investments.
irrigation coverage , as a percent of CCA will
increase from 52% (WOP) to 79% (WP).
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Incrementally, 162142 ha of land will be brought
under surface irrigation coverage.
ii.

designed
signed irrigated area 85% (Fig.3 and Table-4).
Projections for WP situation are based on ICRR and
UPID PIP of phase-II.
II.

Overall cropping intensity in the project area will
increase from 127% (WOP) to 194%(WP), aided by
increased irrigation coverage and significant shift to
zaid cropping.

iii.

Crop yields will increase by 33 to 55% over WOP
levels covering cereal, pulse and oil seed crops.

iv.

Resource efficient productivity enhancing agriculture
will be intensively promoted in 9200 FWSs and
through them extensively disseminated
sseminated to cover at
least 74% of the irrigated crop lands in the project
area.

v.

Substitution of canal waterr for groundwater will
result in the saving
ing of about 4.5 million liters of
diesel and 3 million units of power annually at full
project development.

vi.

Drainage improvement will convert 15523 ha of
water logged lands into crop lands.

vii.

Flood management information system and flood
forecasting tools for
or Rapti basin and drought
mitigation impacts in Bundelkhand
delkhand region will
potentially save an annual flood
od and drought
d
damage
cost of INR 176 million.

The main reasons for under achievement are; (i)
delayed implementation, (ii) siltation problem-large
problem
scale quantities of silt enter the feeder canal and
impacted the designed capacity flow in the
rehabilitated system, (iii) lack of properly designed
field channels for the water to reach the crop. Based
on phase-II
II design, it is projected for all three
systems combined together, that WP irrigated area
will reach 79%
% at full project development. Siltation,
field channel and delayed implementation problems
are addressed through institutional strengthening and
resource convergence. Still it was assumed that WP
irrigation coverage will be 79% of CCA, which is
equivalent to 84% of the DIA being achieved by the
end of project. Incremental irrigated area to be
serviced by rehabilitation and modernized irrigation
system is projected as 162342 ha (Table-4).
(Table
B.

Irrigated area will increa
increase by 52% due to project
(Table-5).. Irrigated cropping intensity improves from
127% (WOP) to 194% (WP). This is measured as a
ratio of gross irrigated area by canals to designed
irrigated area by canals in kharif for SSK and LGC;
and rabi for BKND systems. Area under rainfed
crops is substantially shifted to irrigated crops.
Irrigated crop pattern will shift more in favour of
pulses and oilseeds (72%), followed by cereal
c
crops
(44%). Shift to pulses is driven by increased coverage
of zaid crops.

Economic and Financial Analysis
Project benefits are quantified for
components and sub-components.
A.

various

project

Irrigated area improvement: Total CCA for HG, LGC
and BKND covered under phases-II
phases is 597163 ha.
Averaged over 10 years ending 2010,
2010 they were able
to irrigate only 52% of the CCA as against the

WOP

Irrigated area intensity benefits: WP impacts are as
follows:

WP

DIA

115%
93%
76%78%
49%

HG Br

81%
63% 66%

52%

50%

LGC

79%85%

BKND

Total

Fig. 3: Irrigated Area Impacts (as % of CCA), Credit: PAD, UPWSRP-II
UPWSRP
Table 4: UPWSRP Irrigated area Impact summary, ha WOP data is same as BL value and are
based on 10-year
year average ending 2010-11
2010
Schemes

CCA

HG br
BKND
LGC
Total

73432
58435
465296
597163

Without Project
Kharif
Rabi
16439
19787
0
37000
107707
127151
124146
183930

With Project
Kharif
Rabi
36900
31723
0
47110
173788
180007
210687
259740

Incremental
Kharif
Rabi
20461
11935
0
10110
66080
53755
86541
75801

Total
32396
10110
119836
162342
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billion, to be realized by PY-11, contributed by
irrigated
area
expansion
(23%),
agriculture
intensification (71%) and crop diversification (6%).

Table 5: UPWSRP-II Irrigation Intensity Impacts
Impacts
Unit
Project area, CCA
Ha
Area Irrigated
Ha
Irrigated
Cropping %
intensity
Irrigated cropping pattern
Paddy
%
Wheat
%
Oilseed
%
Pulses
%
Zaid crops
%
Financial gross
Rs/ha
margin
On farm employment Jobs
impacts
C.

WOP
597163
308085
127%

WP
597163
470422
194%

43
43
5
7
2
15113

46
33
6
7
8
34090

17533

44725

Irrigated crop productivity benefits: The crop
productivity levels are low in the command area due to
inefficient water management and crop production
technology practices, mainly driven by inadequate
water flow in the poorly maintained and operated
irrigation system network. Using the recent past
productivity trends, WOP productivity levels for the
major irrigated crops are estimated. WP crop
productivity assumptions are based on the projections
done by the department (PIP of UPWSRP), actual
achievements of Phase-I by ICRR. The project has
designed FWS led approach to bundle the water
management and crop production packages targeting
irrigation outlet level command areas as a unit of
agricultural interventions, which will promote land,
water and nutrient efficient production techniques
covering the cropping system for one full agricultural
year. Crop productivity is projected to increase over
WOP levels by 34 to 50% for cereal crops, 33% for
oilseeds and 33 to 55% for pulses including zaid crops
(Table-6).

E.

Saved diesel and power due to shifting source of
irrigation: The command area of the irrigation systems
are irrigated by canal and groundwater (GW). Since
DIA is to cover only part of the CCA in kharif and rabi,
GW is used to irrigate more area and also to
supplement the canal water as needed. It is estimated
(MI Census, 2000-01 & 2006-07, MoWR, GOI) that in
the project area, 42% of the gross irrigated area is
commanded by privately owned shallow tubewells
(Pvt.Sh Tw). About 1/3rd of the GW irrigated area
come under conjunctive use. About one-fifth of the
gross cropped area is under rain fed crops. Improved
and equitable canal water flow will promote
conjunctive use of water and shifting of irrigation
source from GW to canal water, which will be more
pronounced in the tail and middle reaches of the
command area. Average number of irrigations GW is
taken as six for GW irrigated crops and two for
conjunctive water use crops based on the Impacts
assessment data of phase-1. Financial cost of pumping
one ha m of GW using diesel operated Pvt. ShTws
(5HP pumpset) is estimated at Rs 9185. Electrically
operated Pvt.Shtw will cost (financial) only one tenth
of this. But in the project area, 88% of the Pvt.ShTws
are diesel operated and only 12% are electricity
operated. Based on the estimated WOP and WP
cropping pattern, source wise area irrigated, Pvt ShTw
discharge and fuel consumption rates, it is estimated
that about 4.5 million liters of diesel and 3 million units
of power will be saved annually at full project
development. Incremental financial benefits due to
saving in diesel and power are estimated at Rs 212
million at full development.

F.

Project benefits due to irrigated area, irrigation
intensity, crop productivity, technology adoption, and
resource use/saving improvements are quantified using
crop budgets formulated for major crops (paddy,
wheat, maize, oilseeds, pulses and zaid crops), farm
budgets and activity budgets (diesel and electricity
operated PvtShTws); formulated separately for SSK,
LGC and BKND irrigation systems. Area, productivity
and gross margin impacts are quantified separately for
the irrigation systems and aggregated for the project as
a whole. Annual financial gross margins for the major
irrigated crops increased by 39 to 58% for cereal crops,
69% for oilseed crops and 90% for pulse crops,
considering project cost Rs 25725 million, project life
25 years.

G.

Saved Flood Damage: Annual flood damage cost
projected for Rapti basin is Rs 0.85 billion. Project
intervention in mitigating the impact of flood events
and reducing the damage costs, assumed at 10% of the
average annual flood damage costs at Rs 85 million.

H.

Drought mitigation impacts: In Bundelkhand project
led efficient management of reduced surface water
storage during the droughts through on-farm water
management and agricultural technology options

Table 6: UPWSRP-II Irrigated Crop Yield Impacts
Crops

BL

WOP

WP

Paddy
Wheat
Oilseed
Pulses
Maize
Zaid
crops

2.9
2.5
0.8
0.5
1.4
0.6

3.2
2.8
0.8
0.6
1.5
0.6

4.3
3.8
1.0
0.9
2.3
0.8

D.

Incremental
WP/BL, WP/WOP,
%
%
49
34
53
38
33
33
66
55
66
50
43
33

Improved agricultural technology adaptation benefits:
FWS led project interventions are designed to directly
impact about 27% of the project farmers or area
currently irrigated. The focus will be to intensively
promote the adoption of improved resource efficient
crop production packages. Based on this, adoption
matrix was developed to track the spread of integrating
resource efficient production technology impacts
spread over the project life. Full potential agriculture
technology financial benefits are estimated at Rs 9.2
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covering 58435 ha of CCA will also contribute to
stabilizating productivity. It is projected that drought
impacts will be mitigated by minimizing the production
losses to about 15% at full project development.
Annual financial incremental benefit due to reduced
production variability is estimated at Rs 91 million.
I.

Drainage improvement benefits: Assuming drainage
density 215 ha/km and about 10% of the catchment
area of the rehabilitated drains will be benefitted by
improved drainage system, assessed at 15523 ha.
According to Phase-1 experience, about 94% of the
area benefitted by reduced water logging has been
brought under paddy in kharif and 72% of the
benefitted area has come under wheat in rabi. Using the
crop budgets, incremental annual financial benefits is
estimated at Rs 0.11 M/km of rehabilitated main drains
in the project area. Maintenance cost of Rs 15520 /km
of main drain, to be incurred in a three year cycle, is
considered in the analysis. At full development,
drainage investments will generate incremental
financial benefits @ Rs 83 million per year.

benefits from such interventions coming from agriculture
intensification substantially improved the ERR from 7.7%
(irrigated area expansion only) to over 19%. Estimated ERR
for the project investments varied across individual
irrigation systems, 30% for SSK, 21% for LGC and 15% for
BKND. For overall project , ERR is projected at 18.5%, with
net present value of Rs 13.8 billion in 2012 prices over 25
year project life (Table-7).

PART-II MANAGING WATER: FARMERS
PERCEPTION SURVEY
Farmers’ reaction for saving water in agriculture and to
leave some water to see Ganga ever flowing, survey data is
analysed and compared for LGC & UGC commands. Map
showing UGC & LGC network is given in Fig.4.

Appraisal Summary
Economic: NPV= INR 17.2 billion; Economic Rate of
Return (ERR)= 20.4%

Table 7: UPWSRP-II, EFA Summary (Rs billion) at 2012
prices
Project as whole
Irrigated
area
expansion (20%)
Plus
Agriculture
intensification
(71%)
Crop diversification
(4%)
Resource
use
impacts (3%)
Mitigation impacts
(2%)
Project as a whole

NPV
-5.9

FRR
6.8%

NPV
-4.5

ERR
7.7%

10.1

16.95

14.1

19.1%

11.8

17.7%

15.3

19.6%

13.0

18.25

16.5

20.1%

13.8

18.5%

17.2

20.4%

13.8

18.5%

17.2

20.4%

Source: Project Appraisal Document, WB Report No.
73422-IN, July 17, 2013.
Financial: NPV= INR 13.8 billion; Financial Rate of Return
(FRR)= 18.5%
Annual incremental economic benefits (undiscounted) from
modernized and rehabilitated irrigation systems (SSK, LGC
and BKND) and enhanced agriculture productivity from
UPWSRP Phase- II and phase-I areas, are assessed at INR
10.2 billion at full project development, contributed by
increased; irrigation
coverage
(20%),
agriculture
intensification (71%), crop diversification (4%), resource
use/savings through rehabilitation of drains and substitution
of surface water for groundwater (3%) and drought and
flood mitigation (2%).
The analysis underlines the critical importance of
converging rehabilitation investments with investments in
agriculture and institutions below outlet levels to realize the
optimum returns to rehabilitation investments. Inclusion of

Fig. 4: Canal network in UGC & LGC command where
farmers’ survey was conducted
The sample size and location of the sites is discussed in
upcoming section.

Upper Ganga Canal (UGC)
The UGC, having a discharge of 10,500 cusec (PUGC
capacity-13500 cusecs) takes off from Bhimgoda Barrage in
Haridwar and has the following branch canals –
Name of Canal
Deoband branch
Anupshahar branch
Mat branch
Hathras branch, taking off
from Upper Mat branch
Mathura branch off taking
from lower Mat branch
Direct distributaries taking
off from main UGC

Districts fed
Haridwar, MuzaffarNagar,
Meerut
Muzaffar Nagar, Meerut,
Hapur, Bulandshahr
Khurja, Mathura, Hathras
Hathras, Mathura, Aligarh
Mathura, Agra
Haridwar, Muzaffar Nagar,
Meerut, Ghaziabad, Aligarh,
Firozabad

The head reach branch is Deoband and tail reach branch is
Hathras/Mathura; however the direct distributaries are across
all the reaches in the UGC. Water balance study made by
author (Ravindra, 2008, Fig.5) for UGC shows that water
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input is 9752 MCM whereas output = 2702 MCM (crop
Et).Thus overall irrigation water use efficiency being 27.7%.
The water allocation, roster for distribution is shown in
Fig.6.
WATER BALANCE FOR UPPER GANGA CANAL SYSTEM

Canal water Khariff
33%
Rainwater
39%

Canal water Rabi
18%

Canal water Zaid
10%

Fig. 5: Water balance for UGC

SERVICES
Allocation: Sufficient during kharif - Insufficient for rabi
Initial design Kharif (66% of CCA) (April to September) &
Rabi (40% of CCA) (November to March)
Scheduling: Roster at distributary level based on
availability of water during previous year KHARIF : 3 weeks
ON 1 week OFF - RABI 2 weeks ON 2 weeks OFF
Service to farmers : Proportional system
Deliveries of discharge in distributaries (based on ratio of
land) and proportional sharing along disty and minors.

Lower Ganga Canal (LGC)
The LGC, having a discharge of over 8,500 cusec (PLGC
revised from 4400 to 89,000 cusec) off- takes from Narora
Barrage and has number of branch canals as follows –
Name of
Districts fed
Canal
Farrukhabad
Kasganj, Eta, Farrukhabad
Branch
Bewar Branch Eta, Mainpuri, Kannuj
Etawah
Auraiya, Firojabad, Mainpuri, Etawah,
Branch
Kanpur nagar, Kanpur dehat
Kanpur
Firojabad, Mainpuri, Auraiya,
Branch
Kannouj, Kanpur dehat, Kaushambi
West
Auraiya, Kannuj, Kanpur dehat,
Allahabad
Fatehpur
Branch
Fatehpur
Kanpur nagar, Fatehpur
Branch
Bhoginipur
Firojabad, Etawah, Auriaya, Kanpur
Branch
dehat

Sample size
Broadly speaking, about 270 is going to be the sample size
for each of the canal system, so a total sample size for canal
farmers is about 550. This number will be proportionally
divided as per the head-middle-tail reach of the canal
systems; in addition to this, farmers from ‘near-to-canal’ and
‘far-from-canal’ will also be included in these surveys
(Table-8).
Survey Geo-Locations: All the farmer survey locations
were geo-tagged. Based on geo-referencing; following maps
(Fig.7 & Fig.8) were created to show the locations, where
surveys were conducted; in addition to that, the Main canal
plus Branch canals of the system were also overlaid for
easier understanding.

Fig. 6: Water Allocation & Scheduling of water
Table 8: List of canal network for farmers survey and distribution of sample size.
Division
Main /Branch canal
Upper Ganga Canal [sample size – 270]
Meerut
Direct distributaries off the
Division,
main UGC at
Meerut
Bhola Jhal
108 to 166 km
[sample size – 60]
of main UGC

Name of Distributary

Name of Minor

Head reach Distributary –
Right Jolly Distributary

Bupada (Head)
Fulat (Middle)
Muni (Tail)
Timakia
Bharapur
Kunhera
Adheda
Mau
Sherpur
Mangli (Head)
Amroli (Middle)
Lawad (Tail)
Paswada
Datiana
Daih
Shahjehanpur
Luhari
Chandnair

Middle reach Distributary –
Right Bhola Distributary
Tail reach Distributary –
Jalalabad Distributary

Anoopshahr
Division,
Meerut
80 km main
canal ADGC

Anoopshahar Branch
Canal of UGC
[sample size – 70]

Head reach Distributary –
Salarpur Distributary
Middle reach Distributary –
U.P. Garh Distributary
Tail reach Distributary –
Kithore Distributary

e
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MDGC,
Deoband Branch Canal
Muzaffarnagar
[sample size – 70]
33 to 81 km of
main UGC
ID Hathras/
Mat Branch Canal
Lower Mat br
[sample size – 70]
DGC Mathura
Lower Ganga Canal
Irrigation
Farrukhabad Branch Canal
Division,
of LGC
Kasganj
[sample size – 60]
Irrigation
Division,
Farrukhabad
Etawah
Division,
Etawah

Etawah Branch Canal of
LGC
[sample size – 70]

Ascertained from Chief
Engineer office

Ascertained from divisional
office

Ascertained from Chief
Engineer office

Ascertained from divisional
office

Head reach Distributary –
Nawabganj Distributary
Middle reach Distributary –
Balsar Distributary

ascertained from divisional
office
Ascertained from divisional
office

Tail reach Distributary –
Shamshabad Distributary
Head reach Distributary –
Karhal Distributary

Ascertained from divisional
office
Bujhia (Head)
Dadupur (Middle)
Geenja (Tail)
Khajrara (only 1 minor)

Middle reach Distributary –
Saifai Distributary
Tail reach Distributary –
Kandhesi Distributary

Bhognipur
Division,
Etawah

Bhognipur Branch Canal
of LGC
[sample size – 70]

Mainpuri
Division
Kanpur Division
Irrigation
Division,
Kanpur Dehat

Off-taking at 112 km
Kanpur Branch Canal
Off-taking at 191 km
[sample size – 70]

Umarsenda
Pali
Bhanpur
Head reach Distributary –
Milaoli
Mustafabad Distributary Off- Kesari (only 2 minor)
taking at 7.6 km
Middle reach Distributary –
Nasirpur
Etawah Distributary off
Nizampur
taking at 65.5 km
Janakpur
Tail reach Distributary –
Budholi (Head)
Sikandra Distributary off
Bhal (Middle)
taking at 171.9 km
Bhogisagar (Tail)
Head reach Distributary –
Nauner
Nagaria Distributary Off
Ajitgunj
taking at 27 km of Kanpur
Raihar
branch of LGC
Middle reach Distributary –
Lakh
Tirwa Distributary
Paithan (Thatiya dy .)
Bhadushi
Tail reach Distributary –
Bani
Ranjeetpur Distributary
Tikara
Kapli

Fig. 7: Farmer Survey locations on Upper Ganga System.

Fig. 8: Farmer Survey locations on Lower Ganga System
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Table 9: Results of farmers’ survey in UGC & LGC command
Activity
Water allocation: heavy
use of GW in canal
command
Rabi crop irrigation,
nos. of irrigation
Zaid crop, nos. of irrig

UGC
88% farmers use GW to
supplement canal
irrigation
758 farmers have GW
support in irrigation
713
4% farmers share
Capacity of Pumps for GW use
3 -5 HP
11%
>5-10 HP
80%
>10-20 HP
4%
> 20-40 HP
5%
Life of bore >10 years
65%
Depth of bore> 160 m,
60
nos.
Diesel, nos., %
103, almost 50%

LGC
95% farmers use GW to
supplement canal
irrigation
936 farmers have GW
support in irrigation
247
2% farmers share

Remarks
UGC have adequate water supply
from Tehri reservoir

5%
91%
4%
76%
10

Mostly depend upon GW table,
location of aquifer and capacity
required.

70%

Institutional support,
nos.
Need of farmer training

Agri-43, Pvt firm 10,
health 6
Mod. Agri-253
Demo-229
25%
59%
Siltation, poor M&R.
Low discharge
Men-256
Women-1
302

Agri-29, Irrig, 2, Pvt
firm 03, others 2-3
248
180
26%
26%
Do

Rural electricity quality being
poor
Poor extension service

257
Women 3
317

Major social issue, land is not in
their name
Educated opt for service

Varies from
5 to 190

3 to 45

< 0.70, 141 farmers
>0.70-1.30, 60 farmer
>1.30-2.0, 36 farmer
>2.0-4.0, 19 farmer
Distribution pattern,
42%
27%
28%
3%
Wheat in rabi 98%
Rice in kharif 85%
Done 30
Not done 256
Fertiliser application
based on soil testing 24
>50-60, 134
>40-50, 66
20-40, 52
Flooding 95%
Earthen FC, 210
Lined gul, 10
Plythene pipe, 28
Nil

198
35
20
2

For Lucknow-Agra Expressway
UPGOV purchased land 4 times of
market price
Most of the farmers like to move
out of agriculture

Don’t get water
Warbandi
Canal supply-major
problem
Gender gap in agridecision making, nos.
Level of education
Upto high school, nos.
Land market price, Rs
lakh/ha, nos. of
respondents
Annual income from
agriculture (INR lakh),
nos of respondents
Land holdings
Marginal < 1ha
Small 1-2 ha
Normal >2-5 ha
Big > 5 ha
Main crops
Soil testing, nos. of
respondents

Age of respondents, nos.

Irrigation application
Mode of water
conveyance from outlet
to field, nos.
Pressure irrigation, nos.

61%
27%
12%
86%
57%
22
238
15
90
41
128
96%
155
10
87
4

UGC follow one week off and
LGC Two week off roster
GW supported

Often more
Governed by geology

Willing for modern agriculture
Inequity a social issue
If assured w/s
Low capacity

Agriculture is the main source of
livelihood for 89% and next as
farm labour

Sugarcane belt in Muzaffarnagar,
Meerut
Government is encouraging soil
health card

>50% are above 50 years age and
young are moving out agri
OFD required
High water losses in field
application
No sprinkler/drip in canal
command
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Storage of produce
Marketing of produce
Visit to river Ganga
Cleanliness & depth
Pollution level change in last
20yr

Trouble perception in bathing
Transfer of canal water for
Ganga
Use of additional water
created through improved
WUE, nos.
Perception on aquatic life in
Ganges

Support to water allocation for
maintaining aquatic life in
Gages

Modern, 41%
Traditional, 59%
Krishi Upaj Mandi, 61%,
Local middlemen, 39%
97% visited on festivals
for bathing
Unsatisfactory 56%
Slight degrada, 72%
High degrad.,18%
Worst degrd., 2%
No change, 8%
Inadequate depth, 62%
No problem, 38%
Agree, 94%
Don’t agree, 6%
Sacrifice for E-flows,
103,
Change in CP, 132
Decreasing, 89%
Increasing, 2%
Constant,2%,
No opinion, 7%
Agree, 97%
Disagree, 3%

Findings of Farmers’ Survey: The summary of farmers

Na
Na
Mandi
89%
49%
50%
11%
8%
21%
64%
36%
80%
20%
127
60
73%
5%
21%
21%
81%
19%

2.

3.

UPWSRP –II suggests that modernization and
rehabilitation of existing canal systems of SSK, LGC &
BKND at high investment @ $326 M though ensures
better water availability at outlet ends, but with low
investment in extension service through Farmer Water
School below Culaba command @ $ 32 M,
improvement in agriculture and water productivity
benefits is expected 71% WP at full project
development than improvement in irrigated area
benefits 20% by conjunctive water availability.
Farmers’ survey in both LGC & UGC command
suggests farmers’ willingness to adopt modern
technology in agriculture and irrigation best practices
provided, demonstration at their door step or elsewhere
is shown to them.

Religious sense of sacrifice for
Ganga largely prevails.
People could be easily
motivated for
Aviral &
Nirmal Ganga
People like to see aquatic life
in
Ganga
as
religious
sentiments
People are concerned with
restoration of aquatic life in
Ganges
Increasing farmers income from agriculture by way of
increasing MSP at the rate salary is enhanced in other
sectors may be a way out. Considering 7th Pay
Commission recommendations for minimum wage INR
10000 per month, farmers income may be ensured by
raising wheat MSP 2016 from Rs 1500 to Rs 7600/qtl,
100 times of 1970 wheat MSP Rs.76/qtl. The logic of
improving productivity level don’t work looking
Punjab farmers suicide case study notwithstanding
their productivity level is at par with farmers of any
developed state like USA, Britain or China. Farmers
per hectare income from wheat/rice is Rs 3000 only
(CACP).

5.

Farmers appear to sacrifice use of canal water in
agriculture to maintain E-flows in Ganges.

6.

Cow tax imposed in Punjab may be one way to impose
water tax for abuser or polluter of water, so that
Ganges may remain Aviral and Nirmal.

7.

Canal supply could be regulated in a better way to
match the irrigation demand, i.e., for improving
Dependability while reducing the surface water
wastage

8.

Conjunctive use of Surface and Groundwater is
essential to meet the irrigation demand, i.e., to
ascertain Adequacy

9.

Proper utilization of Groundwater potential could help
in improving the Cropping Intensity

CONCLUDING REMARKS
It is estimated that even in the canal command area,
42% of the gross irrigated area is commanded by
privately owned shallow tube-wells (88% tube-wells
are diesel and 12% are electric). 33% of the
groundwater irrigated area comes under conjunctive
use and about 20% of the gross cropped area is rainfed. Improved and equitable canal water flow will
promote conjunctive use of water and shifting of
irrigation source from groundwater to canal water,
which will be more pronounced in the tail and middle
reaches of the command area. About 4.5 million liters
of diesel and 3 million unit of power costing INR 212
million will be saved by improved canal water supply.

Channel multiplication

4.

survey output is given in Table-9.

1.

Nos. of cold storage is
increasing day by day
West UP farmers use NCR
market opportunity
Religious/cultural sentiments
prevail
Low flow, low depth
Untreated
industrial,
municipal and agri cultural
wastes drain directly into river

10. Alternatively, canal supplies could be curtailed, and
used to meet the tail-end requirements, i.e., to ascertain
Equity.
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