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Communities & 
Conservation of 

Natural Resources
How community role hypothesizes in literature?

§ 1st phase (Community considered as hinderance in development of the 
society)

I. People were an obstacle for efficient and rational use of resource

II. Conservation required protection for threatened resource

§ 2nd Phase (Communities are now the locus of conservationist thinking)

I. Theorized communities as small, homogenous, and shared 
understanding of resource use

§ 3rd Phase ( Communities are varied in size, composition, norms, and 
dependency on resource)

I. Theorized  communities required institutional arrangement and 
enforcement of decision regulation etc.

Source: Arun Agrawal 2001
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Irrigation Management 
Reforms (1)

Better Agricultural 
Outcomes (5)

Better O&M of Irrigation 
Infrastructure (4)

Improved Water Collection 
Charges (2)

Under-Investment in 
Irrigation Infrastructure (A) 

Improved Water Services 
and Distributional Equity 

(3)

Poor Water Services and  
Distributional Inequity (C) Poor Agricultural 

Outcomes (E) 

Low Collection of Water 
Charges (D)

Degradation of Irrigation 
Infrastructure (B)
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Irrigation Governance (PIM vs. Non-PIM)
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Research Question

How the reform impacted distributional equity of the system as compared to non-reform area?
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Zhou et. al, 
2017

There is no 
significant 
difference in 
the production 
of household

Agnal et. al. 
2016 

Community participation in 
irrigation management 
services have positive impacts

Srivastava, 
Y.N. 2010

Studied Andhra Pradesh and Utter 
Pradesh irrigation reforms and 
reported encouraging results in 
terms of crop intensification and 
diversification

AM 
Choudhary 
2017

level of community 
participation in irrigation 
management linked with 
higher water use efficiency 

Ghuman et 
al. 2014

Water fees (Abiana) 
collected are declining 
in the case of the 
participatory 
management system

Farmer’s managed distributary 
has relatively better 
performance compared to state 
managed

Research Gap

Previous literature lacks to 

incorporate modern remote sensing 

tools with the traditional survey 

approach for the estimation of 

performance indicators

Literature Review & Research Gap

Akram & 
Mendelsohn, 2017

Spatial inequity among
the farmers between
the head and tail of the
canal

Latif et. al, 
2014

International Literature National Literature

Moose 
2003

Reported biases in the data
collection in performance
evaluation studies and observed
that reporting biases are substantial
in both agency staff and
development workers, just to show
the performance of the policy for
their vested interest linked to it
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Research Methodology (Study Area)

• We have four main canal system, 
two in each province, one for 
each, reform and non-reform 
area
• We intersect each main canal 

system into three sub section 
command areas i.e., Head, 
Middle and Tail
• Then selected the one 

distributary in the each
command area
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Research Methodology

Crop Signature 
collected for ground 

truthing of satellite 
products 

M
ean NDVI from

 

2014-15 TO 2020-21 

calculated 

How to Assess

1. Cropping Intensity (CI%) = Actual Cropped Area/Gross Command Area
2. Head to Tail Ratio of CI = CI of Head Command Area/ CI of Tail Command Area
3. Adequacy of Water Supplies = Average of Evaporative Fraction
4. Reliability of Water Supplies = Coefficient of Variation (CV) in Evaporative fraction
5. Delivery Performance Ratio = Actual Irrigation Turn Received/Design Irrigation Turn 
6. Land Productivity (Rs./acre) = SGVP/Command Area
7. Economic Water Productivity (Rs./m3) = SGVP/Volume Consumed by ET
8. Gini Coefficient 

Source: Molden et al. (1999) and 
Bastiaanssen (1995)
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Research Methodology
Collection of Field Crop 

Signature
Remote Sensing Data 

(Sentinel-2 & Landsat8)

Ground Truth, Field 
Survey and Plot Survey

Random Forest 
Classification

Vegetation Indices 
(NDVI)

Crop Mapping

Accuracy Assessment

Crop Mask Created/Area under each crop 
estimated 
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1. From head to tail 
cropping intensity ratio 
perspective, the reform 
area in Sindh performs 
better than the non-
reform site, whereas, in 
Punjab, both canals have 
performed within the 
permissible limits.
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Key Findings
Reform Impact on the Distributional Equity and Farm 

Productivity

Cropping Intensity 
Indicator

Remote Sensing Survey Estimates 



1. From head to tail cropping 
intensity ratio perspective, 
the reform area in Sindh 
performs better than the 
non-reform site, whereas, in 
Punjab, both canals have 
performed within the 
permissible limits.

2. Equity in cropping intensity 
does not translate into water 
distribution equity between 
head and tail reaches of Nara 
and Rohri canal because 
head gets/used more water 
for high delta crops than tail 
reaches.
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1. From head to tail cropping 
intensity ratio perspective, the 
reform area in Sindh performs 
better than the non-reform site, 
whereas, in Punjab, both canals 
have performed within the 
permissible limits.

2. Equity in cropping intensity does 
not translate into water 
distribution equity between head 
and tail reaches of Nara and Rohri 
canal because head gets/used more 
water for high delta crops than tail 
reaches.

3. Overall, both in Nara and Rohri 
canal command, the area under 
cotton crop is decreasing 
substantially, and the area under 
sugarcane increases.
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1. From head to tail cropping intensity 
ratio perspective, the reform area in 
Sindh performs better than the non-
reform site, whereas, in Punjab, both 
canals have performed within the 
permissible limits.

2. Equity in cropping intensity does not 
translate into water distribution equity 
between head and tail reaches of Nara 
and Rohri canal because head gets/used 
more water for high delta crops than 
tail reaches.

3. Overall, both in Nara and Rohri canal 
command, the area under cotton crop 
is decreasing substantially, and the area 
under sugarcane increases.

4. Distributional inequity of canal water 
offspring economic inequity. Rohri has 
more economic inequity as compared 
to Nara, whereas Hakra has more 
unfairness as compared to the desert 
canal.
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1. From head to tail cropping intensity 
ratio perspective, the reform area in 
Sindh performs better than the non-
reform site, whereas, in Punjab, both 
canals have performed within the 
permissible limits.

2. Equity in cropping intensity does not 
translate into water distribution equity 
between head and tail reaches of Nara 
and Rohri canal because head gets/used 
more water for high delta crops than 
tail reaches.

3. Overall, both in Nara and Rohri canal 
command, the area under cotton crop 
is decreasing substantially, and the area 
under sugarcane increases.

4. Distributional inequity of canal water 
offspring economic inequity. Rohri has 
more economic inequity as compared 
to Nara, whereas Hakra has more 
unfairness as compared to the desert 
canal.
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1. From head to tail cropping intensity 
ratio perspective, the reform area in 
Sindh performs better than the non-
reform site, whereas, in Punjab, both 
canals have performed within the 
permissible limits.

2. Equity in cropping intensity does not 
translate into water distribution equity 
between head and tail reaches of Nara 
and Rohri canal because head gets/used 
more water for high delta crops than 
tail reaches.

3. Overall, both in Nara and Rohri canal 
command, the area under cotton crop 
is decreasing substantially, and the area 
under sugarcane increases.

4. Distributional inequity of canal water 
offspring economic inequity. Rohri has 
more economic inequity as compared 
to Nara, whereas Hakra has more 
unfairness as compared to the desert 
canal.
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1. From head to tail cropping intensity 
ratio perspective, the reform area in 
Sindh performs better than the non-
reform site, whereas, in Punjab, both 
canals have performed within the 
permissible limits.

2. Equity in cropping intensity does not 
translate into water distribution equity 
between head and tail reaches of Nara 
and Rohri canal because head gets/used 
more water for high delta crops than 
tail reaches.

3. Overall, both in Nara and Rohri canal 
command, the area under cotton crop 
is decreasing substantially, and the area 
under sugarcane increases.

4. Distributional inequity of canal water 
offspring economic inequity. Rohri has 
more economic inequity as compared 
to Nara, whereas Hakra has more 
unfairness as compared to the desert 
canal.
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Canal Selection
Rohri (Sindh Non PIM)
Nara (Sindh PIM)
Hakra (Punjab PIM)
Desert (Punjab Non 
PIM)

Cropping Intensity
Rohri~ head cropped 1.32 times more than tail
Nara~ head cropped 0.50 times more than tail

Hakra~ head cropped 0.10 times more than tail
Desert~ head cropped 0.17 times more than 

tail

Delivery Performance Ratio
Rohri~ head DRP 0.62 times more than tail
Nara~ head DPR 0.27 times more than tail
Hakra~ head DPR -0.05 times less than tail

Desert~ head DPR 0.16 times more than tail

Reliability 
Rohri~ head CV 12% less than tail
Nara~ head CV 3% less than tail

Hakra~ head CV 2% more than tail
Desert~ head CV is almost equal to tail

Adaptation Strategy
Tail farmers adapted to canal 
water inequity through low 

quality groundwater use

Land Productivity (Rs./Acre) 
Rohri~ head produce 1.74 times more than tail
Nara~ head produce 1.05 times more than tail

Hakra~ head produce 0.55 times more than tail
Desert~ head produce 0.47 times more than 

tail

Long Term Impact
Land quality 
deterioration 

Economic 
Inequity

(Gini Coefficient)
Rohri~ 0.49
Nara~ 0.39
Hakra~0.35
Desert~0.30

Distributional Inequity Economic Inequity

Irrigation Schemes

Research 
Results 

Summary 
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1. Land asymmetry has a significant 
negative relationship with land 
productivity irrigation management 
performance and reduces the farmers’ 
participation in participatory 
institutions.

2. Based on the emic perspective, 56% of 
farmers considered large landholding 
members are dominant in the decision-
making of Water Users Associations 
(WUAs) and Farmers Organization 
(FOs).

24
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1. Land asymmetry has a significant 
negative relationship with land 
productivity irrigation management 
performance and reduces the farmers’ 
participation in participatory 
institutions.

2. Based on the emic perspective, 56% of 
farmers considered large landholding 
members are dominant in the decision-
making of Water Users Associations 
(WUAs) and Farmers Organization 
(FOs).
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Key Conclusions
1. From a head-to-tail cropping intensity ratio perspective, the reform area in 

Sindh performs better than the non-reform site, whereas, in Punjab, both canals 
have performed within the permissible limits.

2. Equity in cropping intensity does not translate into water distribution equity 
between head and tail reaches of Nara and Rohri canal because the head gets 
more water for high delta crops than tail reaches.

3. Overall, the area under cotton crop is declining in both Nara and Rohri canal 
commands, and the area under sugarcane is increasing.

4. The variation in crop choices between head and tail sections leads to inequity in 
water distribution and agricultural economic returns per unit command area.

5. Economic inequity is the result of canal water distributional inequity. When 
compared to Nara, Rohri has more economic inequity, while Hakra has more 
variation when compared to the Desert canal.
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Key Policy Challenges for PIM
1. Weak enforcement of the law, including the Sindh Water Management 

Ordinance (2002).
2. Lack of Institutional integration, pooling of resources, and revitalization 

of irrigation departments.
3. The maintenance of information management and sharing systems is an 

important pillar of PIM that appears to have been neglected.
4. Problems with direct outlets, lift machines, changing cropping patterns, 

and distributional inequity.
5. Land asymmetry affects irrigation management performance and the 

institutional working environment of participatory institutions.
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Key Policy Recommendations
• Institutional integration required for resource efficiency and institutional 

revitalization required for irrigation department.
• Use of modern technologies required for information management like 

performance assessment (Geospatial tools), water fee collection (online 
submission), digitization of canal flow network (flow information 
management), and sharing of water extension services (canal scheduling).

• It was observed that changing cropping pattern towards high delta crops 
leads to distributional inequity between head and tail reaches of the main 
canal and even at distributary scale. This distributional inequity aspect is 
easily managed by fixing the agro-ecological crop zoning in each region 
with stakeholders' consultation and its compliance through FOs.
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Key Policy Recommendations
• There are historical and institutional reasons for the elite capturing phenomenon, which 

manifest mainly due to the passiveness of the small peasantry. To effectively handle this 
situation, there is a need to introduce a more politicized participatory model for 
community mobilization and participation, which challenge the social and institutional 
hierarchy.
• WUA's/WCA's need to provide more institutional support like community-owned 

agricultural implements cooperative initiative, small storage house for harvested 
commodity handling, collective marketing of agricultural produce in the market, small 
loan schemes through WUA's/WCA's, and other community services to improve 
collective action and trust among different groups. These trust-building measures 
enhance community integration which ultimately improves the irrigation governance at 
a local level.
• On a more radical note, targeted land reform (for optimal farm size) needs to be 

introduced to overcome the consequences of exceptionally large and small farm size 
negative impacts on-farm productivity.
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Thank you!
Questions?
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