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2 Executive summary

Introduced as a soil and water conservation intervention aimed to stabilise agricultural
productivity in the rainfed regions, the Watershed Development (WSD) program has
transformed into a rural development intervention in India over the last three decades. WSD
is among the flagship programs of the Government of India with substantial annual budgetary
allocations. It has been administered at the micro or village level. Meta analysis of evaluations
shows that the success rate is about twenty percent. The productivity impacts look high
possibly because most of the studies were not subjected to rigorous statistical analysis. While
inadequate or unsustained implementation is often identified as the root cause of the poor
performance of the program, a number of other reasons have been flagged. While some of
these reasons relate to the ability to deliver such programs at a community level there is also
the issue of scale and whether appropriate attention has been applied to this with a knowledge
of the realities of hydrology and land use.

This project examined the effectiveness of WSD from the perspective of meso-scale
implementation based on the hydrological units at the meso-scale rather than micro-scale. It
has examined hydrological, land use and socio-economic variables. The concept of
sustainable Livelihoods has been used as an integrating framework for examining farmer
resilience. Finally a Bayesian Network approach has been used to link the biophysical, land
use and livelihoods analyses. Two hydrological units with contrasting rainfall and a legible
hydrological structure were selected for the study with upstream, midstream and downstream
villages with WSD programs were sampled for livelihoods analysis. These were in
Anantapur/Kurnool (a low rainfall district) and Prakasam (a medium rainfall district) in Andhra
Pradesh. Two control villages with no WSD were also sampled.

The project found biophysical aspects such as rainfall, soils and land use, determine the
nature and intensity of impacts. Similarly, the hydrogeological features of a watershed
determine groundwater storage and development potential and its sustainability in the short
and medium terms.

It was also found that household resilience is an important indicator of the socio-economic
impacts of WSD, Bayesian Networks proved to be useful for integration and can be developed
into a decision-support tool. It found that the effects of WSD, as it had been implemented,
were positive but modest. Key variables for success were community participation and
ownership. In future equity issues will become more pronounced and will need to be
considered.

In short the project has developed a comprehensive approach towards evaluating WSD and
supports its implementation at a meso or hydrological unit level. The project also developed
a simple macro-catchment level model to assist in identifying priorities for WSD intervention
at the meso level.

The overall methodology has been adapted to provide a training module at regional and
national levels. Training courses have been delivered at both levels in three tranches. The
project, with its recommendations, has been detailed in Reddy, V.R and Syme,G.J. (Eds) 2015
Integrated Assessment of Scale Impacts of Watershed Development: Assessing Bio-physical
Influences on Livelihoods. Elsevier, Amsterdam.
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3 Background

3.1 Watershed Policies in India

Watershed development (WSD) has expanded significantly over the last decade, with
the 1994 National Guidelines providing the framework within which this expansion has
taken place. The recent Government of India (Gol) Working Group on Rainfed agriculture
estimates that the total area covered by watershed programmes was about 45.58 million
hectares in 2005, about 40 percent of the total potential area, at an investment of Rs.
170370 crores. Annual expenditure on WSD during X" plan was about Rs. 2300 crores.
Although this represents a substantial achievement, given that this progress has taken
over 40 years, the speed of implementation of watershed programmes, the ability to scale
up successful experiences is clearly a major policy issue.

In particular, the need for effective on-the-ground implementation capacity is recognised
as an important constraint in many areas, both from government agencies and from
NGOs who are intended to be the main Project Implementation Agencies (PIAS).
This constraint is also reflected in the quality of watershed implementation, which at its
best can be a flexible and empowering process that can transform the livelihoods and
resource base of poor communities. But historically, the guideline figures for both the
size (500 ha) of a watershed and the amount spent per hectare have been rigidly applied
in many places regardless of local needs or conditions. In some cases, the actual
implementation is far from satisfactory, with insufficient effort to engage local
communities or implement appropriate interventions to an adequate quality.

Although there are exceptions, much watershed development has concentrated on
physical interventions such as contour bunding and check dams that are intended to
improve groundwater recharge and reduce land and soil degradation. These physical
interventions are often not balanced against non-structural measures or measures to
improve the production process or open up new livelihood opportunities. These
measures include policy changes that introduce cropping pattern shifts and changes in
livelihood patterns. The need to widen the scope of activities in watershed programmes
is reflected in the “watershed plus” approach in which a wider range of interventions is
considered. But this is still recognised as limited and there are active strategies to
develop the approach yet further. The development of a process to widen the scope of
possible interventions and design the choices made to be more effective in local
conditions is critical for the further evolution of watershed policy.

Equity is seen as a major policy issue, with past watershed programmes often failing to
reach the poorest households and disproportionately benefiting the better off sections of
the community. This is clearly reflected, in the pattern of expenditure on different activities
in watershed programmes, with an estimated 70 percent of funds used for land and water
management interventions that predominantly benefit larger farmers and only 7.5 percent
being used to support the livelihoods of poor and landless. There is a need to more
effectively target the needs and potential for change of landless and land poor (especially
those with rainfed lands on upper slopes at a family level. This is particularly important
for women if watershed development is truly to become the catalyst for a wider process
of local-level development and poverty reduction.

Several approaches are considered for addressing the equity issues, though these
approaches are mainly technical in nature and hence their impact is limited to physical
coverage rather than actual benefits received by those most in need. Moreover, the
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focus of these approaches continues to be on landed households. One such approach
to alleviate this is ‘ridge to valley’ treatment of the watershed area. This approach gives
preference to small and marginal farmers who are located on the degraded slopes of the
higher reaches of the watershed. Another approach is to treat the entire land in the village
rather than restricting the focus to 500 hectares. This approach facilitates the coverage
of all the sections of the landed households and ensures better participation and
cooperation. Additionally, focusing on the landless households in the community through
initiating specific programmes for them is crucial for enhanced livelihoods of the poor.
These aspects are being incorporated at the national level in the recently initiated
Integrated Watershed Management Programme (IWMP) and need to be a key
component for designing WSD. One of the key issues in achieving inclusiveness in WSD
is its scale of operation.

3.2 WSD and Importance of scale

The WSD approach has emerged to deal with the complex challenges of natural resource
management, adopting the watershed as an appropriate unit of implementation. Though
a watershed can be defined at different levels, international practice reveals that the
micro-watershed has usually been the chosen scale of implementation for WSD. This
scale facilitates a program to act in response to human needs and natural resource
problems at the local level. Watershed management at micro level has been
demonstrated to be both ecologically and institutionally sustainable, and capable under
the right conditions of empowering vulnerable segments of the society. The micro-
watershed approach enables amicable integration of land, water, and infrastructure
development, particularly because of the more homogenous nature of soil, water and
overall physical conditions within the micro-watershed. Theory and experience have
shown that facilitating collective action in small, village-level watersheds has fewer
constraints than at larger scales. Moreover, organising collective action at the micro-
watershed level has generally been shown to result in lower costs, and in improved use
of financial and human resources, particularly for the management of common resources.

The recent generation of WSD projects has been mostly successful in its integrated and
participatory approach to sustainable conservation and development in upstream areas.
This has given some impetus to scaling up to larger watersheds. However, micro-
watershed approach encounters adversity when it comes to scaling up. Operating at the
micro-watershed scale does not necessarily aggregate up or capture upstream-
downstream interactions. A mix of upstream interventions would only have a
considerable positive impact downstream if prioritized and planned within the larger
watershed perspective and with understanding of the spatial and hydrological links
between the perceived externalities and their underlying factors (for example, land and
water use). This suggests that the next phase of application should be at a wider level.
In a sense this has been achieved through a parallel project on climate change and
watershed developed impacts on water security in the Krishna basin (ACIAR Project No.
LWR/2007/113).

Watershed management projects are generally aimed not only to provide local on-site
benefits at the micro-watershed level, but also to offer positive externalities in the form of
valuable environmental services downstream as well as to provide a means of correcting
downstream negative externalities within the larger watershed. Therefore, investment in
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upstream cannot be justified by their on-site benefits alone and can only pass economic
reasoning when downstream benefits are embodied.

Until now WSD evaluations have usually paid attention only to on-site interventions and their
benefits. Whether these actions were of advantage to the downstream location or were the
best possible approach to minimizing negative externalities had often not been ascertained.
Despite their apparent objective of improving natural resource conditions in a watershed, WSD
programs may prove detrimental to downstream areas. Research has revealed that the micro-
watershed approach may be producing hydrological problems that would be best addressed
by operating at a macro-watershed scale. For example, in India, recent hydrological research
cautions that watershed projects may be aggravating precisely the water scarcity they intend
to overcome as intervention in the water cycle in some areas is ineffective as well as creating
less water in other localities.

Similarly, stakeholder involvement and participation normally covered on-site requirements of
local farmers, and the spatial dimension was tackled through community-based planning. The
institutional settings also only focused on the micro-watershed, with limited or no cooperation
across the watersheds or between upstream and downstream populations. The success of
the project was assessed on-site, and the individual level outcomes (income increase, land
area treated, yield increase) were in general aggregated across the watershed area. There is
hardly any evidence which can prove that the improved conditions in the wider watershed
results as a consequence of micro-level activities and institutions at upstream level or even
that the activities were optimal or cost-effective ways to improve conditions in the watershed.

Acknowledging the difficulty of unpacking farming practice and livelihoods at a macro level
this project addressed the issue of the need to create an integrated evaluation approach for
assessing the effectiveness and consequences of adopting WSD programs at the meso level.
This integrated approach need to include hydrological, socio-economic, livelihoods and
resilience measures.. We have defined "meso” in terms of hydrological units whereby the
upstream, midstream and downstream effects of WSD on the surface and groundwater
resource can be understood.
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4 Objectives

This project aims to contribute to improved rural livelihoods and greater water related equity
by researching and mainstreaming options for sustainable water management across rainfed
watersheds in Andhra Pradesh, India. To achieve this aim, the project has set itself the
following objectives:

Objective 1: To enrich and upgrade an integrated approach (from ACIAR project
ASEM/2001/095) for the assessment of the environmental, economic and social impacts
of current WSD at a meso-scale in Andhra Pradesh.

Activity 1.1

Inception planning workshop to finalise scope, determine data needs and develop initial
framework for integration methodology

Activity 1.2

Adaptive review of integration framework

Activity 1.3

Documentation of the integration framework

Objective 2: To assess the cost effectiveness and water-related resilience and equity
outcomes of stakeholder-defined possible future WSD scenarios in Andhra Pradesh.

Activity 2.1

Collection and compilation of socio-economic, hydrological, crop and climate models and data
for the two selected sites in India

Activity 2.2

Design and execution of social and economic surveys

Activity 2.3

Development and validation of a linked surface and groundwater model
Activity 2.4

Application of model to explore stakeholder-defined water-harvesting scenarios
Activity2.5

Exploratory application of the model to identify opportunities for improved water use and
sustainability outcomes

Activity 2.6
Coupling of economic and social assessments with hydrological model
Activity 2.7

Analysis of the impact of existing WSD scenarios on cost effectiveness and equity of WSD
using coupled economic/social assessment and hydrology model

Activity 2.8

Training in use of models by NGO’s and agency partners
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Activity 2.9

Engage stakeholders in alternative scenario definitions on an iterative basis for meso-scale
water management modeling

Activity 2.10

Training in use of livelihood assessment methods for NGO’s and agency partners

Objective 3: To develop an awareness of the potential of the integrated approach and
the project findings in the WSD policy at local and state levels.

Activity 3.1

Development of partnerships with end-users and stakeholders to define WSD policy needs
and assessment tools

Activity 3.2
Development and implementation of a project monitoring and evaluation strategy
Activity 3.3

Customize information and disseminate policy recommendations in partnership with potential
user groups at the central, state government, NGO and community levels

Activity 3.4

Conduct of workshops to compare and contrast appropriate methodologies and findings in
Australia and Andhra Pradesh

Activity 3.5

To scope and design project for application of methodology and findings of this project to East
India and\or Bangladesh or Nepal
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5 Methodology

5.1 Study design and methodology

The study design and methods evolved out of preliminary workshops and consultations with
stakeholders and the community which has experienced WSD in rainfed areas. The major
goal of the research was to establish what the issues would be if WSD or integrated water
resources management was shifted from a micro to a meso level of application. The methods
for each component together with their strengths and weaknesses are described in the
following sections.

5.1.1 Study locations

Two distinctive hydrological unit networks (HUNs) in Andhra Pradesh were chosen for the
study. In general terms, these could be contrasted as low (Kurnool/Anantapur) and medium
(Prakasam) rainfall areas. Specific study villages were identified upstream, midstream and
downstream for both HUNs (Figure 5.1 & 5.2). Two control villages without WSD were also
chosen for comparison.
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Figure 5.1 Anantapur/Kurnool (Lower Rainfall - HUN1) from Reddy and Syme (2015)
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5.1.2 Strategic conceptual and methodological issues

To achieve the above objectives there first had to be an understanding of the basic
requirements for effective evaluation at the meso rather than micro level (Syme et al, 2012).
For the purposes of this research and for the design of meso-scale WSD generally it was
considered that hydrological legibility was required. That is WSD application should be
modelled in hydrological units in which there is a good possibility for relating ground and
surface water flows to land use. If this is the case this enables models targeted at potential
users throughout the sub-catchment. It was also concluded that there was a need for relatively
simple whole of catchment models to assist decision makers in deciding the most beneficial
pattern of meso-scale WSD for the sustainability of water management as a whole. This need
for hydrological understanding lead a ultimately to the selection of the two research HUNs
and the control villages. The specific hydrological modeling undertaken is described below.

The selection of the HUNs was the basis for the social, economic and survey data collection.
It must be noted that this constrained the power of generalisation of the survey data because
randomised data from the entire catchment was not collected. Nevertheless, given that WSD
evaluation will need to relate to the relevant HUN with its unique hydrology and land use
situational circumstances will always have significance for the delivery of WSD whether in
hydrological, economic and societal terms.

Having selected two HUNs with contrasting rainfall there was a need to select a
methodological vehicle for integration and appropriate indicators of socio-economic WSD
outcomes.

The first objective also required an integration methodology that could accommodate both
guantitative and qualitative data and expert opinion with the capability of application to
scenario evaluation analysis. This approach also needed to be able to accommodate
biophysical, social and economic data for evaluation of future possible WSD designs and
modes of application and explore cause and effect relationships between them. The preferred
choice for this tool was the development and application of a Bayesian Network approach.

The holistic concept of Sustainable Livelihoods was chosen as an approach to understanding
a range of five "capitals" that constituted overall wellbeing. These included all aspects of
factors which are thought to be influential in governing the overall wellbeing of an individual,
family or community.

Finally an output criterion was required to provide an overall estimate of whether the WSD
was meeting its overall requirement of a socially cohesive and sustainable rainfed agriculture
sector. The variable chosen for this purpose was resilience which was defined as the number
of drought years a farmer could survive without having to leave cultivation. There are a
number of theoretical formulations for the concept of resilience.The reason for using this
formulation in this project are discussed in later sections.
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5.1.3 Assessing scale impacts of watershed development: An analytical
framework

In their discussion on the issues of scale in relation and WSD (Syme et al., 2012) showed that
there was scope for applying a top-down, whole-of-catchment approach for strategically
assessing the availability of water resources (in the form of surface water, soil water and
groundwater), and that already reserved for the various anthropogenic uses so as to identify
allocation strategies at the sub-catchment level. As part of that study, a ‘checkerboard
hydrology’ approach was devised to illustrate the types of impacts of alternative levels and
distribution of WSD activities on water resources at the broader scale.

The ease of understanding the checkerboard makes it a well-suited tool for facilitating
discussions with planners and policy makers on the benefits and tradeoffs of different
configurations of WSD. However its gross simplicity makes it unsuitable for science-based
planning and therefore an improved approach was sought.

The key criteria that were looked for in the model are summarized by the following points:

Credibility — A process-based approach wins favour with policy makers wishing to promote
scientifically-based planning and implementation of WSD projects

Simplicity — Complex models are accessible only to specialist modellers with an interest in
scientific research but is highly unlikely to be taken up by practitioners. There is a need to
‘bring the model to the users’ in a form that is understandable and relevant. What the simple
approach gains in terms utility can be lost in terms of absolute accuracy. In the data-scarce
conditions where WSD are implemented, where catchments are universally ungauged
catchments and with limited or no monitoring wells, the data to support sophisticated
approaches is not available.

Accessibility — Models should be available at no cost and be run with the most basic computing
requirements by non-specialists.

Our review of the existing models did not meet these criteria. The closest we could identify
was the EXploratory Climate Land Assessment and Impact Management (EXCLAIM) tool
developed by the Centre for Land Use and Water Resources Research (Newcastle
University), as reported by Calder et al (2008). EXCLAIM which is a Java-based tool designed
for non-specialists to indicate the range of outcomes and tradeoffs associated with changes
in landuse within a catchment by incorporating climate, hydrology, landuse and socio-
economic variables. It has been applied to a range of problems such as rainwater harvesting
and forestry. Because it does not account explicitly for watershed interventions, surface water
— groundwater interactions and groundwater use was not applied in this study.

Thus, the simple integrated hydrologic modeling approach was conceived and developed to
do what assess water availability under alternative landuse, climate and WSD scenarios to
create more effective and equitable WSD projects. The approach developed to date only
addresses water resources availability which is seen as the most important biophysical
constraint from the context of the Indian WSD. The need to incorporate other elements into
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the analysis, such as agricultural production and economic benefits in particular, are
recognized limitations in the model, which could be improved upon in future.

5.1.4 Hydrological and Hydrogeological methods

Detailed knowledge of subsurface aquifer geometry and properties are equally important at
the watershed scale for implementing the watershed management decisions. Therefore,
geophysical and hydrogeological investigations were carried out to decipher the aquifer
geometry and its extent to know the groundwater resources and selection of suitable sites for
rain water harvesting. Ultimate groundwater availability in space and time is important for the
end-user to decide the developments and maintain their socio-economics. In the present study
the Electrical Resistivity Tomography (ERT) and Electrical logging were carried out to
determine the aquifer geometry based on the geophysical signature along with aquifer
resistivity properties.

5.1.5 Surface Electrical Geophysical surveys:

The method is based on the electrical property of the earth's sub-surface. Electrical Resistivity
Tomography was carried out at a few points covering whole watershed using the Wenner-
Schlumberger configuration with spread length of the survey as 480 meters employing 48
electrodes with 10 m inter-electrode spacing. By injecting an appropriate current (DC) through
two electrodes, electrical potential differences were measured using the other two electrodes.
Thus using Ohm's law, the resistance and ultimately apparent resistivity was determined in
2D space. The inversion of the electrical measurements provided the distribution of the
resistivity along the profiles, from the surface down to a depth of about 92 m. This depth of
investigation primarily depends on the electrode spacing, strength of the current injected as
well as resistivity of the overburden, the top formation. The resistivity distribution thus obtained
in 2D space is constrained by the known values obtained from drilling of the wells and
geophysical logging

5.1.6 Drilling of new bore-wells for calibrating the Electrical Geophysical
survey

Based on a number of geophysical surveys viz., Vertical Electrical Sounding (VES) as well
as ERT, electrical resistivity distribution of the geological formations were obtained and
depending on the favourable resistivity values for potential aquifers in the given geological
environment points for drilling at least one well in up-stream, mid-stream and down-stream
were drilled in both the study areas. The interpreted geophysical results matched well with the
drilled bore well litho logs. The depth of drilling ranges from 100 to 160 meters. This, of course,
at one hand shows the success of geophysical investigation and provide additional data for
further studies on the other hand. However, the drilled sites were usually chosen at places
where maximum potential of groundwater was expected; thus providing the maximum of the
groundwater potential.
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5.1.7 Geophysical Electrical Resistivity Logging:

The geophysical survey can be carried out at various scales. The well known electrical survey
when carried out using a bore-well such that one or more electrodes are lowered in the bore-
well providing mainly the resistivity distribution in one dimension. The most commonly used
electrode arrangement is normal or potential sonde in which one current electrode and two
potential electrodes are located on the sonde. The other current electrode is kept on the
surface. The curves obtained by potential or normal resistivity logs are symmetrical in form in
which the maximum indicates the layer with the higher resistivity and the minimum indicates
a layer with lower resistivity. The information obtained thus are confined to a well scale only.

Logging provides more continuous data on the vertical and lateral distribution of well section
and depends on the sensitivity of the sondes. Most of the resistivity logging surveys was
carried out nearby ERT sites for understanding the geologic sequences, different lithological
information.

5.1.8 Lithologically Constrained Rainfall (LCR) method:

Quantitative estimates of recharge to aquifer and changes in groundwater storage are
important to manage the development of groundwater resources and know the amount of
groundwater that can be withdrawn without exceeding recharge. In hard rock areas the most
common methods for recharge estimation are groundwater balance, water table fluctuation,
soil water balance and chloride mass balance etc. (Sophocleous, 1991; Moon, Woo & Leeb,
2004; Maréchal, et al 2006; Batelaan & Smedt, 2007; Sibanda, Nonner & Uhlenbrook, 2009).
These methods require analysis of huge volume of hydrological data such as precipitation,
surface runoff, evaporation and change in groundwater storage accumulated over a
considerable time span which is generally inadequate or lacking or unreliable in many areas
(Sukhija & Rama, 1973).

Apart from these methods Lithologically Constrained Rainfall (LCR) method was adopted to
estimate the natural recharge in study area (Chandra, Ahmed & Rangarajan, 2012). This
method needs three input parameters i.e., soil resistivity (ps), vadose zone thickness (H) and
precipitation(P). The lithological alterations take place very slowly in the geological time scale,
it can be considered almost constant (say for 50 years). Thus, the rainfall is the only
parameter varying with time for such period.

Advantages of this method are; a reasonably good estimate with the input parameters that
can be obtained easily in the field with good accuracy, less time frame and cost-effective.
Rainfall data were collected from adjacent rain gauge stations in and around the watersheds.
Soil resistivity was obtained using geophysical methods and water levels were directly
measured in the study area.

5.1.9 Change in groundwater storage (AS):
Estimation of AS is a basic pre-requisite for efficient groundwater resource management. It is
particularly important in regions with large demands for groundwater, where such resources

are key to economic development. AS here describe the volumetric loss or gain of
groundwater from the aquifer system between two time periods. AS are assessed by
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multiplying the difference in groundwater levels for the two corresponding monitoring periods
with the specific yield of the formation and the area overlying the groundwater basin.
Estimation of aquifer water storage variability is of great importance for the management of
water resources.

5.1.10 Depths to water levels:

Ground water levels are monitored in pre and post monsoon seasons (2010 to 2015) and
monthly water levels are monitored in 2013 (January to December) and then from May 2014
to May 2015 to understand the ground water fluctuation behaviour and seasonal variations.
The groundwater levels data collected for 2005 to 2009 from BIRDS (NGO) for understanding
the long term trend of water levels in the study areas. The rise and fall of the water table is a
direct reflection of recharge and discharge conditions in the groundwater reservoir.

5.1.11 Modeling the impact of watershed development on water resources

An intensive fieldwork campaign in the Purulia District of West Bengal has resulted in the
development of a model designed to represent the impact of watershed development on a 2
km? catchment. This model has been adapted to be applied to larger scale catchments (of the
order of 100 km?) in Andhra Pradesh to investigate the upstream/downstream impacts of
watershed development.

The model needed to be modified to include large in-stream dams. These large dams are
distinct from the ponds used in the model developed for the West Bengal study site. Also a
deep aquifer has been added to the model. The climate of Andhra Pradesh in comparison with
that of West Bengal is much dryer, with significantly less rainfall. The shallow aquifer is much
dryer and therefore the inhabitants are pumping water up from the deep aquifer to irrigate their
crops. The structure of the Andhra Pradesh model (Gooty site) is as shown Figure 5.3
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Figure 5.3 Structure of Andhra Pradesh Model

A spatial interpretation of the area resulted in a change of the model structure and the
calculation sequence. Also some model processes have been changed because these
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processes were not included in the original model or were causing problems in the generated
output by the model.

The assumptions being made during this research are having great influences on the results
generated by the model. Especially the simple linear calibrated percolation and exfiltration
processes are influencing the modelled runoff significantly. A small change in parameter
values will result in largely changed amounts of runoff being generated by the model.
Unfortunately, no additional information is available to implement and underpin a more
complex approach, or to estimate an order of magnitude. The parameters encapsulating these
processes are calibrated during the research, and are the major drivers of uncertainty in the
defined model processes. Further investigation during additional research to this catchment is
highly recommendable (see section 7.3).

Nevertheless, the simple structure and processes of the model, based on visual interpretations
of the catchment and study site using Google Earth, and applying a simple approach of
unknown model processes, gave a better representation of the catchments hydrology than the
original model.

5.1.13 Watershed development design methodology: Strengths and weakness

The methodology for watershed assessment with interventions and without interventions
followed in the project includes detailed rainfall assessment, resource conservation due to
interventions (at on stream and off stream), guidelines for proper design of watershed
interventions.

The data needed for such type of analysis is a detailed one in terms of daily data on rainfall,
temperature, detailed land use information, interventions made at plot level. The data
requirements are considered to be medium to high degree of complication.

The methodology used for rainfall is a detailed one which provides information on monthly to
annual scale on quantum of rainfall, number of rainy days etc with their variability along with
intense storms information and their contribution to the total rainfall in deficit, normal and
above normal years. Though the analysis is rigorous one, it is a simple and could be easily
done in MS-Excel based and can also be interpreted.

The methodology followed for watershed assessment includes a plot level assessment for
each land use and land parcel based on water balance method including runoff estimation
based on a soil moisture accounting process at a daily scale. Further, the intervention impacts
are also assessed at each plot level with modification of the existing algorithm accounting for
the augmentation of water within the plot on a daily scale. Though the algorithm requires daily
data, this is considered to be an essential necessity to work on water balances in rainfed
areas. This is a compromising methodology between sub daily requirement of rainfall
information needed by certain methods to more simpler methods which runoff monthly or 10
day interval.

The remaining data sets used such as a Digital Elevation Model (DEM) or soils information
are the publicly available domain datasets. The major idea in using these data sets is to make
use of the developed methodology by practitioners with easily available datasets. When high
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order resolution datasets are made available the same could be used with this methodology.
One of the lacunae in the methodology is the assessment of impacts on on-plot versus on-
stream. With the net planning approach in implementation in watersheds, every land parcel is
addressed for inclusion of watershed treatments and hence thought to be appropriate for
inclusion of on plot interventions. Only high rainfall areas, both on-plot and on-stream co-exist
requiring an inclusion of on-stream interventions.

The software such as ESRI ArcGIS used in the project is a commercial one, while open source
GIS systems are also available with similar functionality.

5.2 The Sustainable Rural Livelihoods framework

Sustainable Rural Livelihood approach(SRL) is being used widely as an analytical tool to
facilitate poverty alleviation interventions. The recasting of the household as the central focus
for analysis helps prioritise interventions, which serve their developmental priorities. There are
many different definitions of livelihoods.

In the aptly titled ‘Adaptable Livelihoods’, Davies (1996) provides a detailed understanding of
the dynamics of the livelihoods of the poor in relation to food, as they respond to highly variable
conditions (natural and human) that confront them. Davies’s conceptual framework is based
on five key ideas, which can also be expanded to broader issues of sustainable livelihoods:
Livelihood systems and security within them, encompassing a broader range of factors than
household food systems and security to explain how and why producers pursue particular
mixes of strategies to confront food insecurity. Entitlements: to explain different sources of
food and the range of calls on them within households and livelihood systems. Vulnerability:
to explain the nature and intensity of food and livelihood insecurity. Resilience and sensitivity:
useful in analysing changes in levels and intensity of vulnerability to food insecurity within
different livelihood systems. Livelihood: system diversity to account for variation in the nature
and intensity of vulnerability, depending on different ways in which people acquire access to
food (Davies, 1996, p. 15).

Rennie, et al., (1996) provide an outline of a SRL approach for field project development. They
stress that this should not be an esoteric exercise, but an analytically powerful contribution to
policy for improving the position of the poor. They argue that: “Livelihoods is a more tangible
concept than ‘development’, easier to discuss, observe, describe and even quantify” (p. 16).
They stress the importance of going beyond livelihoods at a conceptual level to identify robust
research and implementation methodologies for field projects. It is argued that:

“Predominantly the poor of the world depend directly on natural resources, through cultivation,
herding, collecting or hunting for their livelihoods. Therefore, for the livelihoods to be
sustainable, the natural resources must be sustained” (Rennie et al 1996, p. 16).

This aspect of livelihoods cannot be seen in isolation, however, as access to and the use of
natural capital is linked to other aspects of the livelihoods of the poor. Many policies and

Mainly draws from Reddy, et.al., 2010.
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measures concerning natural resources do not make these links, focusing on the management
of the resources to the exclusion of other issues (much of the same is true for policies
concerned with other livelihood assets such as education or credit). The analysis of any one
of these issues consequently needs to retain a focus on the scope of the policy, as it exists
whilst at the same time making sure that this analysis is placed in a context that allows the
links to other aspects of livelihoods to be made. Achieving this balance is one of the central
goals of the model adopted here. The model presented here looks at the basic dynamics of
livelihoods, something that is inevitably complex given the array of the factors that influence
livelihood choices.

People draw on a set of capital assets as a basis for their livelihoods. Carney (1998) identifies
five capitals namely, human, natural, financial, physical and social. These capitals are defined
as:

Human Capital: Skills, knowledge, ability to labour and good health and physical capabilities
important for pursuing livelihoods. At the formal level these include health education, training,
etc.

Natural Capital: Natural resource stocks like soil, water, air, genetic resources, etc and
environmental services such as hydrological cycle, pollution sinks, etc., which form the basis
for deriving livelihoods.

Financial Capital: The capital base like cash, credit/debit, savings and other economic assets
including basic infrastructure.

Physical Capital: The basic and common infrastructure such as roads, connectivity, and other
physical assets owned at the community and household level viz., livestock, farm implements,
machinery, etc.

Social Capital: Social resources such as networks, social claims, social relations, political
relations, administrative relations, affiliations to local groups and associations, etc., which help
people to overcome risks, uncertainties, shocks and vulnerabilities, and livelihood pursuits that
require coordinated actions.

As such, we can identify the access profile of households that defines their ability to gain
access to capital assets.

5.2.1 The Livelihood model

The conceptual framework presented here traces the inter-connections between the different
aspects of people’s livelihoods and the factors that influence them (Figure 5.4). Recognising
and understanding the dynamics of the livelihoods process is fundamental for any analysis of
the factors such as security, vulnerability, resilience and sensitivity as identified above. These
all relate to processes of change to the conditions in which people’s livelihoods operate and
the response of livelihoods to these changes. The structure of people’s livelihoods (and in
particular the strength and diversity of their livelihood assets) varies greatly, as do the effects
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of external influences upon them. The key objective of the model is to provide a structure for
understanding these dynamics and diversity. (See Figure 5.4)

Livelihoods are also influenced by a wide range of external forces, both within and outside the
locality in which a household lives, that are beyond the control of the family. This includes the
social, economic, political, legal, environmental and institutional dynamics of their local area,
the wider region, their country and, increasingly, the world as a whole. These external factors
are critical in defining the basic structure and the operation of livelihood systems. For example,
land tenure laws are crucial in determining entitlements, and in consequence access to land
for cultivation, which in turn is a critical determinant of the overall structure of livelihoods in
rural areas, whilst prices and price variability is critical (for some crops) in determining what
will be grown on that land in any particular season.

These external forces are themselves not static. It is their dynamics, the processes of change
in the wider economic, social and natural environment, that create the conditions in which
livelihoods change. It was noted above that these changes could be longer-term trends (for
example changing attitudes to gender roles in a society or the gradual decline in groundwater
stocks in a lake) or sudden shocks (the impact of a war, a drought or a collapse of market
prices for a key crop). Taken together, the threat of external shocks and trends directly affect
the decision-making environment and the outcomes of livelihoods, and provide the
vulnerability context.

Rennie & Singh (1996) also identified the responses of such threats as either adaptive
strategies (where a household consciously adopts a process of change in response to long-
term trends) or coping to deploy their different assets to best effect within their often-limited
range of choices. This set of choices is again conditioned by the wider context within which
they live, and in particular by the extent to which they can control the key decisions that affect
their lives. This is (or should be) why participation is widely advocated. This idea of people
making conscious choices through deliberate strategies is fundamental to the approach to
livelihoods analysis presented here. It is integrated into the model at two stages: as a
livelihoods strategy, where a set of decisions are made on how to best employ the assets
available; and as an ‘income’ strategy where choices are made over the use of the products
(cash, goods and services) generated by the livelihood activities adopted.

The right hand side of the model (Figure 5.4.) represents the livelihood dynamics of a
household. This sub-model starts with the entitlements and access they possess to the
resource base in their locality. These in turn define the natural capital available to the
household. This natural capital is one form of livelihood asset, represented by the pentagon,
which can be deployed by the household in their livelihoods.
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Figure 5.4 The Livelihoods Model

When combined with the others (financial capital, social capital, physical capital and human
capital), these capital assets represent the capabilities and assets, the 'factors of production’
that the household can deploy to make a living. The ‘entitlements’ box is consequently part of
the access profile of the household. Similar access factors can be identified for each of the
other capitals: for example, the network of social and institutional relationships that a
household possesses and the identity of the household in relation to factors such as caste,
religion, clan or other determinants of social structure are defining in terms of explaining the
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social capital that they possess. One key aspect of any livelihoods approach is to understand
how the access profile, and consequently the assets available change over time, and in
particular how increases or reductions in their values affects the livelihoods of the household.

Taken together, these livelihood assets represent a potential, a set of possibilities for the
household to secure a livelihood but they do not automatically define that livelihood, for the
extent to which their potential is realised will depend upon the way that they are used. This is
reflected in a set of decisions on what assets to utilise when, decisions that together constitute
the livelihood strategy of the household. There are always difficult choices to be made here,
for example, what use of the assets will provide the best returns? What risks are involved in
particular decisions? Which and what quantity of assets should be held in reserve for the
future? These and many other questions have to be considered in the livelihood strategy and
this strategy is at the heart of a livelihoods analysis.

The choices made in the strategy will in turn define the livelihood activities of the household:
which activities are undertaken by whom and when. Land, labour, material inputs, social
networks and all of the other capital assets available are used in different combinations to
grow crops, raise livestock, gather common property resources, earn wages, make things,
trade, provide services and all of the other multitude of different activities that the different
members of the household engage in. These together are their livelihood; the things that
people do on a day-to-day basis to make a living. In some cases, there are one or two
dominant activities, such as farming, fishing or making pots, but for many households the
pattern of livelihood activities is varied and no one activity dominates. Whatever the relative
importance of the set of activities, however, the basis for understanding livelihoods is that all
need to be included in the analysis.

Households thus earn ‘income' (in cash, or kind), which becomes part of the household
budget. This income is in turn allocated through a second key set of decisions called the
income strategy. Income can be allocated to saving or investments, that enhance the value of
the assets, to pay for inputs (fertilisers, raw materials, labour) that go into production, to
repaying loans or social payments (such as taxes) or, finally, to consumption that is part of the
outcome, that is, the total set of goods and services that constitute the material fabric of
people’s lives. Obviously, the greater the income, the more that is left after other obligations
are met (inputs and social payments) for either consumption (meeting the needs of today) or
investment (increasing the ability to meet needs tomorrow). Of course, other factors contribute
to quality of life, well-being or however one wants to define the goal to which we all strive.
This includes the social context within which one lives, a sense of freedom and security and
many other non-material factors.

This core of the model reflects the internal dynamics of the process of gaining a livelihood on
the part of individuals and the households to which they belong, but it is clear that this process
does not operate in isolation from a wide range of influences that condition the flows through
the livelihood, the choices available at any stage and the overall outcomes of the livelihood.
The first of these is the local community: the social groupings, networks and institutions within
which the individual household is enmeshed. The social and institutional structures of local
communities are locality specific, but reflect differing combinations of place (the locality or
neighbourhood) and people (kin, religious, ethnic, occupational grouping or other social and
economic characteristics) where an individual household lives.
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The second conditioning factor is the external institutional context, the legal, political, social,
economic and institutional environment: those factors, in others words, that link people and
places into regional, national and global systems. This includes the nature and operation of
government (which can have both direct effects, such as through agricultural subsidies or
health services and indirect impacts, such as through policy and macro-economic frameworks
and political climates), the structure and strength of civil society (those non-state institutions
and organisations that also regulate social and economic processes), the operation of markets
and so on.

The wider natural environment is also extremely important in the functioning of livelihoods.
This can be through the character and variability of production conditions: the level and timing
of rainfall, resource flows within an ecosystem, and its resilience in the face of management
strategies, which can cause resource degradation. It can also reflect extreme events such as
cyclones, earthquakes or droughts.

These in many ways define the characteristics of the different parts of the livelihood model.
For example, entitlements and access to Common Property Rights (CPRs) in a watershed to
gather products such as fuel wood and fodder can reflect both the legal and policy framework
(which define who owns the CPR and what form of external regulation exists) and local
customs and traditions concerning who can gather what. This in turn defines a part of the
‘natural’ capital in the ‘livelihoods assets’ pentagon. Similarly, both external monetary policies
and financial institutions and local moneylenders define the availability and cost of credit,
which is crucial in both determining how much income goes to repay past loans and what
credit is available for investments and inputs into production.

These external factors are ‘filtered’ through the vulnerability context that has already been
referred to. The vulnerability context describes trends and variability in those factors that affect
livelihood processes, and in particular that can materially disrupt different aspects of
livelihoods. This can be specific: for example, climate change will directly affect the long-term
characteristics of the resource base, with other consequences compounding through the
system from there, whilst a devastating cyclone or drought will have massive immediate
impacts and can cause structural change to the characteristics of a household’s livelihood
processes. The nature of vulnerabilities can also vary, depending on form or timing. For
example, a sudden collapse in market prices for a dominant commercial crop can affect the
assets available by making key assets of land and agricultural implements less valuable. It
can affect the livelihood activity through leading to a decision to plant something different or it
can affect income if the price collapse happens after planting. Most vulnerabilities are not
different to the local and external contexts described above (climate, markets): rather they
reflect the dynamics and specific forms that those contexts take.

These forces affect households differentially. Some are more sensitive to the effects of the
vulnerability context, others more resilient. This can be represented as resilience filter’,
through which the flows of influence from the vulnerability context pass to define the specific
impact of external forces on the livelihood system of particular households. The resilience of
a household can be higher across the board: for example, secure access to credit or good
financial reserves are important in relation to most forms of vulnerability or it can be specific
to particular vulnerabilities: owning higher land can be an advantage if there is a flood, but a
disadvantage if there is a drought or in relation to erosion.
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This model allows one to ‘map’ the consequences of specific changes, including changes
brought about through external interventions intended to improve people’s lives. For example,
a dominant approach to natural resources management in recent years has been participatory
mobilisation to create community-based institutions to manage common property resources
as well as private resources. Initiatives such as watershed development or joint forest
management in India typify this approach. The points of intervention and impact of such
measures can be ‘mapped’ on the livelihoods model.

5.2.2 Evaluating the determinants of perceived drought resilience

We have used a combination of parametric and semi-parametric approaches to analyse
determinants of perceived drought survival responses. Ordinary least squares regression is
performed to evaluate the factors that lead to drought survival differences across watershed
regions as well as across various socio-economic categories. This conventional regression
analysis approach provides results based upon correlation between dependent and
explanatory variables. One of the drawbacks of such an approach is its inability to establish
causality between the independent and dependent variables. Therefore a semi-parametric
approach was used, namely the Propensity Score Matching (PSM) method, to assess the
effects of watershed intervention on enhancing perceived drought survival. The areas in the
study region which have not seen watershed intervention are classified as ‘control’ region and
the areas with watershed intervention are classified as ‘treated’ regions. Additionally, a
distinction is made between various types of drought survival responses which are associated
with different types of capital ownerships of the farmers. The empirical analysis is performed
in STATA.

The PSM method has been extensively used in situations where the effect of treatment on a
parameter of interest needs to be assessed by separating its influence from any other factors.
By matching individuals with similar characteristics within the treated category to those in the
control category or region, the PSM method allows for evaluation of the overall difference in
the parameter of interest that could be solely ascribed to a particular treatment. The detailed
procedure for performing PSM first involves the use of logit or probit methods to generate
propensity scores and then a matching algorithm is used to generate the average treatment
effect. The obvious advantage PSM offers over conventional regression analysis is that no
functional form assumptions are needed. However, PSM can only offer an average or mean
estimate of the impact. PSM approach is also prone to hidden biases.

5.2.3 Development of the Bayesian Network

We developed Bayesian Network(BN) sub-models of the five sustainable livelihoods capitals
and linked these to a measure of drought resilience. The component BNs have also been
implemented within an integrated model that links key hydrological, biophysical and social
relationships. This is one of the first examples, to our knowledge, where the sustainable
livelihoods framework has been operationalised within a modeling framework to explore the
impact of watershed development and other drivers on both household livelihoods and
resilience of communities. In a similar study, Kemp-Benedict et al (2009) applied BNs using
the sustainable livelihoods framework to explore the links between water-related interventions
and livelihood outcomes in northeast Thailand. The BN approach is well suited to
implementing the framework as it supports relatively simple representation of cause- and-
effect relationships and is flexible in terms of the data and information that can be used to
define model relationships.
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Description of Bayesian Networks
Bayesian Networks are a probabilistic modeling approach comprising

e Network structure (or influence diagram) which represents cause-and-effect
relationships between variables
¢ Probabilities which describe the strength and nature of relationships between variables

In the field of environmental science or management, BNs have been used for a range of
purposes including data analysis, social learning, system understanding and decision making
and management (Kelly, et al 2013).

When are BNs useful?

The following decision tree allows us to make a judgment in regard to the selection of the
Bayesian Network approach as an integrating mechanism for the various components of the
study (Figure 5.5). This Decision Tree was used and it was the teams assessment that the
evaluation of WSD was a suitable application for the method.
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Bayesian Networks < No y P

feedback processes important

Figure 5.5 Bayesian Network Decision Tree
(adapted from Kelly, et al 2013)

5.2.4 Justice and equity issues

These issues were largely addressed by an extensive literature review on the justice issues
inherent in the development of water reform in Australia and India. This review concluded
that, given the move to meso-scale implementation of WSD that there should be a
concentration on the delivery of communal property rights and institutional arrangements that
reflected procedural justice within WSD through appropriate institutional arrangements.

Some data was collected on current perceptions of communal decision making versus through
the community surveys and interviews with villagers. These results demonstrated that while
there were potential equity or fairness issues that may be of concern in moving from micro to
meso-scale WSD these had yet to be fully considered by landholders and other stakeholders.
The village level data was supplemented by that from a workshop conducted to assess the
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similarities and differences between Australian and Indian approaches to WSD and equity
which revealed that different approaches may be required in the future for India as opposed
to the property rights and market mechanism approaches currently evident in Australia (see
Appendix 1 for wider findings from this comparison).

The strengths of this approach is that it has broadly canvassed equity and justice issues but
its weakness is that these insights need to be applied during the planning of a new meso-scale
WSD so that formative evaluation of desired justice principles and the appropriate institutions
can be undertaken.

5.2.5 Village level data collection

A multi-layered approach was adopted for the present study. Focus Group Discussions
(FGDs) were used to assess the potential of five capitals in dealing with droughts. This
information is complemented with the information generated through quantitative data
generated using the questionnaires in two rounds. Besides, case studies were used to
understand specific narratives representing different groups. On the whole, three types of
instruments were used to generate data. Analysis is carried out from different angles in order
to make it analytically robust. Given the complex nature of data that is being generated
(qualitative as well as quantitative), one has to be cautious in choosing the analytical tools and
instruments. There is need to understand the limitations of each of these tools and methods,
especially understanding the investigator / respondent sensitivity of the tools. It is observed
that no single tool / method on its own is enough to understand the complexities of the issues
at hand. For, each tool / method has its advantages and disadvantages.

Impact assessment is carried out using before-after and with-without approaches. Quantitative
data on various indicators of five capitals were collected using a detailed household
guestionnaire. The questionnaire was canvassed among the sample households in six sample
villages that have undergone watershed treatment. All these villages are located within a
hydrological (one or interconnected) boundary. Data on various indicators of five capitals are
collected for two years i.e., 2010-11 and 2011-12. One of these years is a normal year (2010-
11) and the other is a drought year (2011-12). This gives us an opportunity to assess the
watershed impacts in drought year vis-a-vis a normal. In other words, the effectiveness of
watershed interventions in a drought situation could be assessed. The resilience information
from the sample households was collected during the drought year (2011-12), as it helps
households to contextualize watershed development in the event of drought. One control
village from each hydrological unit is also selected for a detailed comparative assessment.
The field work was conducted over a period of 4 months (December to March) in both the
years. Qualitative research gained from including focus groups and questionnaires was
conducted in different periods over a period of 4 years i.e., between 2009-2013. The results
from the analysis are validated with the village communities during the year 2013. Details of
the sampling frame are available in Reddy & Syme (2015).
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6 Achievements

outputs/milestones

against

activities

and

Objective 1. To enrich and upgrade an integrated approach (from ACIAR project
ASEM/2001/095) for the assessment of the environmental, economic and social impacts
of current WSD at a meso-scale in Andhra Pradesh.

1.1 | Planning Inception June Initial | Integration is | Integrated
workshop to | workshop held | Planning possible. methodology
finalize scope, | and initial providing
determine data | framework September Cancellation of methodolog_ic
needs _z_md documented 2009 workshops al bI_ueprlnt
gz\r/r(?(lac\)/\?ork |n|tf|§: Conduct of | due | to | for project.
integration Workshop gcg;?g ictable
methodology '

Syme

Samad-left
project-role taken
up by LNRMI

1.2 | Development of | Six-monthly March 2010 Cancellation of | Refined
integration workshops March 2011 workshops framework
framework organized and | parch 2012 due _ to belr_lg used by
Samad-left project | held; outcomes October 2012 unpredictable | project
Syme documented in January 2013 events-these Working
Croke Annual Reports uary have occurred | Model

, March 2013 but the | Version 1
Ranjan May 2013 integration completed
Reddy approach has | Oct 2012.

Presentation of | Presentation to | changed with
framework and | Water forum in | the departure
early results to | March/April of Dr Natasha
the AP climate | 2013 }:ﬁﬁon VJ;?th
and water forum has created
(ACIAR project the need for
LWR/2012/035) more intensive
hands on work
in 2013 by
Australian
researchers.
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Documentation
of Integration
Framework

Syme
Croke
Ranjan
Reddy

Production of a | August
synthesis 2013
report and

journal

publications

Complete bo_ok June 2014
for Elsevier
outlining  the
integrated

approach

taken to the
project.

Delays in accomplishing
project results and finding
suitable journal
papers based
experimental design and
early model
achieved-more planned.

A book contract has been

received from Elsevier.

outlets-
on

already

Integration
framework
being applied
by broader
scientific
community.

Book
published by
Elsevier
electronically
and hard copy
Jan 2015

Objective 2. To assess the cost effectiveness and water-related resilience and equity
outcomes of stakeholder-defined possible future WSD scenarios in Andhra Pradesh.

2.1 | Collection and | Data  sourced Unforeseen problems with | Ability to derive
compilation of socio- | and  compiled | pecember | quality and quantity of data- | improved livelihood
economic, into documented | 2011 great difficulties were had in | assessment
hydrological, crop | database obtaining APFMGS data
and climate data for after the collapse of the
selected sites in India organisation.

Croke

Ahmed Subsequently this has been
covered by NGRI and
CRIDA. Data obtained a
year later seems to be quite
unreliable and this has been
communicated to DRD.

2.2 | Design and execution | Identify  areas | March 2010 | We are assuming that we | Comprehensive
of socio-economic where new data will get consensus on | and current data on
surveys collection is priority data and an | which to base

required, agree agreement on | integrated
on sampling methodology. modeling
Croke methodological
Ahmed approach.
This may take some time -
Reddy Development this activity has been
Ranjan and pretesting of expanded and a quasi
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Syme surveys and | December | experimental and
other methods 2010 longitudinal approach .
taken-surveys  conducted ;I:;'Ss\gggl_ifgnzﬁg
over _two years. Data analysis
Data Analysis February analysis and publlcathns
2013 now advanced. Data being
developed into formats
suitable  for integrated
model. Preliminary
|ntegrati0n of | June 2012 Analysis
survey data into Completed
integrated
model Subject to above risks.

2.3 | Development and | Hydrological December | None foreseen. This will be used as
validation of linked | modelling 2009 a basis for activity
surface and | platform 2.4
groundwater models | selected
if:cr)reed Model set up None ~foreseen: but this ;—thJSa\;vils" ?c?ru;(?t?vﬁ)s/
and calibrated | June 2013 | AR 0 S ok of | 24

and subsequent unreliability
of the APFMGS data and
Continued and | December | the departure of Dr Natasha
enhanced 2014 Herron from the research
monitoring of team. It has now been
groundwater picked up with data on land
levels use and groundwater levels
from CRIDA and NGRI in
particular as well as national
rainfall data. Dr Corke has
now taken responsibility of
completion.

2.4 | Application of | Detailed August Initial versions of the model | Demonstration  of
Bayesian Network | analysis of the | 2014 may require user-friendly | the utility of the
models to explore | scenarios adaptations--could  cause | model for ongoing
stakeholder-defined defined by delays. planning and
water harvesting stakeholders evaluation
scenarios including Available resources may

INISIACHONSII0 limit  additional data
Mani (no longer in define ~ water collection.
team) harvesting  and This activity has not
. livelihood (socio- .
Dixit economic/institu progressed at the ratg it
Reddy tional).-A report should have, partially
Rao will be because of.the absence of Demonstrated
) Dr. Mani (of APFMGS) -

Ramjan developed from who was to take a lead role capability to use
Syme this and initially in this due to the lack of data developed models
delivered to .

Suvarna from APFMGS Progress in
i members of the X . -
Merritt this area will be assisted by

AP Water Forum

Page 28




Final Report

the socio-economic and
decision making data from
self  reports in the
questionnaire  which  will
enable scenario
development and DRD staff
support. Staff have been
made available by Dr.
December | Suvarna Commissioner of

2014 DRD.

Progress has been
improved recently and will
be enhanced by ongoing
resources available from
this variation.

The models used
as part of National
Training course in
New Delhi to which
those involved with
WSD in different
states  presented
their issues which
were interpreted by
the BN model and
individual
components. This
feedback to form
basis for training
courses April/May
2015.

This  will help
increase the
versatility of the
application of the
overall integrated
model and enhance
ongoing usage.

Exploratory Current and | September | None foreseen Application of
application  of a | potential 2013 results for
preferred Bayesian | hydrological objectives 2.7-2.10
model to explore | baselines

opportunities to | modelled and

improve water use | modeling output

Page 29




Final Report

and sustainability | documented for
outcomes DRD and Water .
Forum. Also as a Stakeholder scenarios may -
) ; require  dedication  of | Additional
journal article " ;
additional resources. scenarios
Reddy November generated
Ranjan Results of mo_del 2013 _
reruns using This has been delayed for
Syr_ne stakeholder the reasons outlines in 2.4.
Dixit defined
Rao scenarios
documented for Improved model of
DRD and Water | November | resilience to be included.
Forum and key | 2014
officials at
mandal level

2.6 | Coupling of | Contribute to Risks relating to not being | Integrated tool for
economic/social coupling of | August able to bring the socio- | assessment of
assessment livelihood (socio- | 2012 economic model with the | alternative policies.
framework with | economic/institu hydrological model under a
hydrological model tional) common denominator (such

assessment as scale, units, etc. ) can be
Croke framework with minimized by advanced
hydrological planning.
Ahmed ;
modelling.
Rao .
These risks appear to be
avoided as initial model now
operational.
Scenarios
developed and | October
water balance | 20913
related to yield
and social
economic data.
Report will be
written for DRD,
Water Forum
and academic
journal (s)

2.7 | Analysis of the | Impacts of | October None foreseen at this stage | Results used for
impacts of WSD | potential 2013 although clearly it is behind | objective 2.8-2.10
scenarios on cost | scenarios clearly schedule because of data
effectiveness and | defined in and modeler  change
equity of existing | economic and issues. The activities are
WSD policy using | social terms now progressing on track.
coupled Report will be
economic/social written for DRD,
assessment and | Water Forum
hydrology model and academic
Ranjan journal (s).

Croke
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Syme

Reddy

Merritt  (new ANU
modeller

2.8 | Training in use of | Data base of Lack of sufficient trainees. | Production of
models both | new scenarios | pecember | This could be minimized by | skilled  personnel
Bayesian but also | performed by | 2013 ensuring local inputs to the | who could use the
integrated statistical | trained users. project from the very | software for future
model. | by NGOS | contribute to the beginning. analysis and
and the AP training in use of extension
department of rural | the models by May 2014 The major risk will be
development ~ and | NGO's and the engaging more local
other relevant AP and | AP Department participants-engagement
GOI(  government | of Rural [ July 2014 | with AP  government
)departments Development. sources has been good to

this point and input has
Merritt November already been gained on
Chiranjeevi (LNRMI 2014 scenarios for this purpose.
Communications and
Engagement)

2.9 | Engage stakeholders | Preliminary October Some stakeholder | Generation of
in alternative | scenarios 2012 scenarios may be beyond | stakeholder defined
scenario  definitions | developed with the scope of the project and | scenarios and their
on an iterative basis | stake holders may require additional | outcomes
for meso-scale water October information.
management Iteration of | 2013
modeling scenarios

developed and May 2014
o documented Y This risk could be minimized
Chiranjeevi by establishing contact with
Merritt stakeholders in the early
Reddy July 2014 | gtages of the project and
Syme incorporating their inputs
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Rao
November
2014
2.10 | Training in the use of | Ability to use Lack of sufficient trainees. | Trained Personnel
livelihood methodology February This could be minimized by | and final software
assessment methods | and models 2014 ensuring local inputs to the
for NGOs and other project from the very
agency partners beginning given the delay
with  model development
Chiranjeevi May 2014 | this may have to be taken
over by AP government
g_ec_jtdy bodies.
R'X' July 2014
a0 Opportunities have now
been arranged. A series of training
November courses have now
2014 been conducted in

New Delhi and
Andhra Pradesh.

PC = partner country, A = Australia

Objective 3. To develop an awareness of the potential of the integrated approach and
the project findings in the WSD policy at local and state levels

3.1

Development of

Partnerships

partnership with end | with end users | January We are assuming sufficient | Research priorities
users and stake | and 2013 commitment to devote time, | that meet partners
holders to defined | stakeholders to attention and data. needs.
WSD policy needs | define WSD
and assessment | policy needs There is a risk that the
tools and assessment livelihoods and fairness
tools. approaches will create
Chiranjeevi some debate.
Reddy Ongoing
Suvarna The debate about fairness,
Syme equity etc has not proven to
Ranjan be divisive and has
Documented provided fertile food for
agreement  for thought.

Page 32



Final Report

future
interactions

December
2014

Overall though this is
behind because of the
logistics of gaining data
have prevented concrete
discussions at whole of
model level. Discussions
are underway however and
have been greatly
facilitated by the availability
of the qualitative data.
These discussions have
greatly facilitated the
development of the 1.0
version of the model

3.2

Development and
implementation  of
project  monitoring
and evaluation
strategy

Reddy
Croke
Ranjan
Syme
Chiranjeevi

Agree on and
methodological
approach

Data collection
and analysis

Reportto ACIAR
and DRD and
Water Forum as
well as Journal
article

May 2014

February
2015

May 2015

We are assuming that we
will get consensus on
priority data and an
agreement on
methodology.  This may
take some time. This risk
has not eventuated. There
is strong support for our
approach both within the
team and from our regular
AP government network.

To some extent an ex-ante
project evaluation has
occurred because of the
nature of the integrated
model development. This
will be enhanced by the
implementation of the
systematic  engagement
strategy as outlined above.
The quantitative evaluation
will however have to be
developed and to some
degree will be dependent
on the satisfactory
conclusion of 3,1. It may
be that this could be
considered as an activity
that could be led by DRD
and could be quite simple.

Available resources may
limit data collection if a
wider evaluation is to be
conducted. It may also be
that the model is used as a
shell for a future ACIAR or
AP or other project and its
suitability for general use
assessed in this manner.

Ongoing change in
design as a result
of evaluation.
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Opportunities have now
been confirmed.

3.3 Customize Focused None Foreseen but | Project tools used
information and | meetings/ perhaps to wide a range of | for assessment of
disseminate  policy | workshops with expectations to be | alternative policies
implications and | partners to accommodated. by the
partnership with | establish what stakeholders.
potential user | information s
groups  at  the | yseful and why.
central,state
government, NGO .
and community Alternatlvg
levels futur_es will also

be discussed February
- Final 2014
All participants stakeholder
workshop and
presentation of
results.

34 Conduct workshop | Report on the | January Will feed into policy
in  Australia  to | cross  cultural | 2014 None Eoreseen options identified
compare and | generality and | Oct 2013 by the overall
contrast appropriate | validity of the findings of this
methodologies and | integrated WSD Now projectfor Andhra
findings in Australia | analysis in AP Complete Pradesh
and Andhra Pradesh | and Australia P government

departments and
Three policy-related the_ N two
officers of  Aust participating

Water Agency
Croke

Ranjan

Syme

Rao

Ahmed

Reddy
Chiranjeevi

Australian CMAs
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3.5 Scoping Application | Review of First Round
East India or | reports on WSD | january Project has
Bangladesh or | needs and | 2015 been
Nepal applications for approved

potential areas with Dr
Christian
Conduct of Roth as
i interviews/field leader
z;rr:]]:n trips with key | APril 2015 :LWR/2014/0
Ahmed Stakeholders 72 Promoting
Rao _ _soual!y
Scoped design inclusive and
Ahmed and analysis for | May 2015 sustainable
Reddy project based on agricultural
Chiranjeevi outcomes of this intensification
in West
Bengal and
Bangladesh
Field trip April
11th to 22nd
to assist in
2nd round
submission
3.6 Project finalisation Final report to | May 2014 Final Project meeting April | Final Report 31st
ACIAR 22nd -24th May 2015.

PC = partner country, A = Australia
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7 Key results and discussion

This section discusses the issues surrounding the design and implementation of WSD and
describes the key findings that contribute to alleviating current problems. The description
is largely in summary terms to provide an outline of the outcomes of the project. More detail
is available in Reddy, et al (2015). It provides an example of how integration of findings from
a variety of perspectives can assist in the evaluation of WSD. Specifically it shows that
WSD must be planned with an understanding of the hydrological parameters including the
effects of landuse on them before WSD is implemented. It also demonstrates that while
WSD is beneficial it is its relationship with a number of livelihood capitals that will govern its
influence in the long term. That is the findings here suggest that targeted meso
implementation will be a beneficial approach. Implementing WSD at a meso level however
will lead to challenges in terms of institutional structures, social organisation for
implementation and possibly new equity issues that will need to be planned for.

WSD has become critical in developing rainfed agriculture, which accounts for 60% of the
cropped area in India. Over the years, about a quarter of the rainfed areas have been
covered under the WSD program. However, the impact of WSD on the productivity or
stabilisation of agriculture has been marginal. Earlier evaluation studies have pointed out
that people’s participation and collective action is a prerequisite for effective implementation
and impact of the program. Thus, the implementation process is rather intensive and
demands substantial human resources, apart from financial resources. Guided by these
studies, implementation guidelines for participatory watershed development were
introduced in 1995. Since then, about nine variations of these guidelines were developed in
order to improve the implementation of the program. While frequent procedural changes in
the implementation guidelines resulted in confusion among implementing authorities at the
cutting-edge level, the guidelines could bring about some changes in the social capital
indicators such as participation in the program. However, no substantial improvement has
been observed in the implementation and impacts of the program over time.

While inadequate implementation is often identified as the root cause of the poor
performance of the program, a number of other reasons have been flagged such as
unintended hydrological outcomes.

Being a government program, WSD has all the management constraints associated with
such programs, including lack of sufficient time, delays in fund releases, and so on. Though
these are common to all the developmental programs, the intensive nature of WSD cannot
absorb such drawbacks. For instance, though the guidelines provide a 12-month timeframe
for organising the communities and ensuring their participation, only three months are
allowed for the implementing agencies for carrying out the process on the ground. In fact,
engaging communities like non-governmental organisations (NGOSs) that have built rapport
with the local communities much prior to the program, or who could spare more time (by
allocating more human resources), has proved to be more effective in showing the WSD
impacts compared to the involvement of the government departments. On the contrary, the
responsible departments for implementing watersheds are often constrained by limited
available human resources coupled with the demands of their other mainstream
responsibilities that impede progress. Given this, it is often concluded that NGO-
implemented watersheds perform better when compared to government-implemented
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watersheds. Thus, given the fact that 80% of the watersheds are being implemented by the
government departments, the overall performance of the program has remained low.

The concentration of effort in identifying the factors important in developing new guidelines
has resulted in the sidelining of the original purpose of watershed interventions. While WSD
is a technology meant for soil and water conservation that would strengthen the natural
resource base for the farming systems and improving its resilience, the focus has been on
improving crop yields and agricultural incomes. More importantly, the inter-linkages
between different and dependent natural systems such as biophysical and hydrogeological
systems have been totally neglected. This project was an interdisciplinary one developed
to reintroduce the concept of sustainable management of natural resources with a view
towards providing greater resilience for communities involved with WSD programs.
Specifically the concept of the benefits of scaling implementation of WSD to the realities of
the behaviour of water in the catchment has been examined in an interdisciplinary context.

Biophysical aspects such as rainfall, soils, and landuse, determine the nature and intensity
of impacts. Similarly, the hydrogeological features of a watershed determine groundwater
storage potential and its sustainability in the short and medium terms. However, these
aspects are hardly taken into account while designing or assessing the impacts of the WSD
programs. In the absence of information on these aspects, WSD interventions (type as well
as intensity) have been uniform across locations.

Similarly, common indicators of impact assessments such as irrigation, crop yields, and
income, have been used irrespective of the variations in biophysical and hydrogeological
attributes of the watershed or location. This results in: i) interventions that may not be
effective as they are not in line with the hydrogeology and biophysical requirements; ii)
impact assessments that are not comprehensive as they do not take the externalities
associated with hydrogeology (groundwater) into account leading to under- or over-
estimation of the cost-benefit ratios; iii) variations in the impacts of WSD at different
locations (upstream and downstream) not being captured in the context of meso-scale WSD
(about 5000 ha); and iv) the impact of WSD on the resilience of the households not getting
assessed, although it is the main impact expected in any situation.

This project therefore examined watersheds located within a hydrological unit. Technical
data have been generated on biophysical and hydrogeological aspects through monitoring
the wells, collecting long-term rainfall data, geo-referencing the water bodies, and
watershed interventions. Modelling was used to capture the rainfall-recharge and
groundwater-surface water linkages, and the socio-economic data were collected using
scientific and representative sampling methods complemented by qualitative research. The
Sustainable Rural Livelihoods (SRL) framework (five capitals) was adopted to assess the
watershed impacts, along with a separate resilience survey to assess the resilience of the
farming households.

Household resilience was used as an indicator for WSD impact. Resilience has been
explained with the help the five capitals of the households and modelled to identify the
factors influencing resilience. All these aspects (hydrogeology, biophysical attributes, five
capitals, and resilience) have been integrated to assess the linkages using Bayesian
networks (BNs). A consistent stakeholder engagement process was adopted to
communicate the findings at the policy, implementation and community levels. Stakeholder
engagement was used to influence the policy (state and national-level policy makers),
implementation (implementing agencies), and validation of the findings (farmer level).
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This section pulls together and synthesises the analyses from all the research components
and provides an overview of the impacts of WSD in the context of hydrogeology and
biophysical aspects. Details of each of the project components and their findings are
available in Reddy et al (2015).

7.1 Hydrogeology

The rainfed regions of the Indian Peninsula are hard rock aquifers that can be characterised
as shallow, deep, fractured, and non-fractured weathered zones. The characteristics of the
aquifers vary widely across and within (especially meso-scale) the watersheds. Such wide
variations result in variations in the potential and availability of groundwater resources in
the region. Groundwater systems in these regions mostly depend on rainfall, which occurs
during limited periods of the year. Of late, the yearly rainfall variations have gone up due to
climate variability, adding to the temporal dimension to groundwater variation. Given the
fact that these regions depend extensively on groundwater for drinking as well as irrigation
purposes, variations in the availability of groundwater becomes an important determinant
of agriculture and related livelihoods. Thus, the supply side of groundwater is associated
with high variability due to the nature of the aquifer system and the changing rainfall pattern.

The supply side variations would not have been a serious concern had the demand
remained constant. As long as the demand for groundwater remained within the limits of
recharge from rainfall, the supply constraints are hardly noticed. However, the demand for
groundwater during the last two decades has outstripped the supply; i.e., beyond the rainfall
recharge. This has caused severe constraints on the availability of water, even for drinking,
in these regions. Often this has resulted in the over-exploitation of the resource and
deterioration of groundwater quality. The first victims of this resource degradation have
been the communities that are located on shallow aquifers. On the other hand, communities
located on deep aquifers have resorted to capital-intensive deep bore wells. As a result,
access to groundwater has been privy to capital-rich large and medium farmers in these
regions. Thus, depletion of aquifers has aggravated inter- as well as intra-regional
inequities.

Watershed interventions are expected to enhance groundwater recharge artificially. Given
the huge demand for groundwater in these regions, communities as well as the watershed
implementing agencies have given priority to on-stream interventions (mainly check dams)
without understanding the aquifer geometry, water level trends, groundwater recharge and
changes in groundwater storage. The watershed interventions have been based on surface
drainage pattern and hence do not improve the recharge in an optimal way. Therefore, a
more rigorous assessment of the hydrogeology is required in order to optimise watershed
interventions. The geophysical investigations coupled with rainfall-recharge estimates
carried out in the study sites have helped in assessing the groundwater availability at
various space and time scales. .

Given the geometry of the aquifer system, i.e., soil cover, weathering thickness, etc.,
differential watershed interventions are required across the locations. For instance, areas
tapping the first fracture can be treated with water-spreading methods (e.g., check dams)
and areas tapping deep fractures should have injection wells. Thus, a complete knowledge
of the system with details on the varying weathered thickness and presence of fractures as
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well as the groundwater storage capacity helps in judiciously planning the watershed
interventions

Further, the integrated surface water — groundwater modeling simulation tool has provided
assessments of the availability of surface water and groundwater resources on a monthly
basis for a range of watershed interventions, land use, and climate-related scenarios. This
model clearly indicates that there is scope for a pragmatic broad-scale approach for
developing more robust and equitable WSD interventions as against the presently-followed
uniform interventions. This tool is simple in formulation, aims to be as generic as possible,
and requires limited amounts of data for climate, topography, soils, land use, hydrogeology,
and watershed interventions that can usually be met from secondary sources. The model
can help in shedding light on designing and implementing improved watershed development
strategies that can be taken up by the relevant government and non-government agencies
to support planning and decision making. .

Another model of rainfall-recharge linkages that was developed for the West Bengal study
site was tested on an ungauged study site as well as a gauged catchment adjacent to the
ungauged study site in Andhra Pradesh. The modified model in the ungauged study sites
resulted in a decreased modelled runoff (and a lower rainfall-runoff coefficient). The
watershed interventions resulting in higher storage created in the upstream of the
watershed has reduced the runoff and hence more rainfall is needed to cause the same
amount of runoff. The calibrated values of the gauged catchment mainly influence the
exfiltration, infiltration and percolation of the area. The small difference (increase) in rainfall-
runoff coefficients of the gauged catchment and the non-gauged study site could mostly be
related to a change in rainfall, while the more intensive rainfall events have increased the
modelled runoff. This model has the capability and can be used for estimating the effects of
watershed developments in this region. A very complex model structure and model
processes including spatial variability could have been chosen but for the data constraints.
Therefore, a model structure and the processes defined in a manner as simple as possible
were chosen for performing this research. Improved data availability could help in arriving
at more precise assessments in future research and planning .

As is the case with surface and sub-surface hydrology other biophysical aspects such as
climate, soils, and land use not only vary within and between watersheds but also influence
watershed interventions. With uniform technological interventions under low and medium
rainfall zones, the interventions may create new problems especially in the case of meso-
scale watershed development programs. Interventions on every land parcel, namely “net
planning” for water conservation intervention mainly through farm bunding and water
absorption trenches for land use patterns such as scrub lands not only render the
investments unproductive in the immediate term but also raise new hydrological issues such
as reduced flows into the existing water bodies. This can create conflicts within
communities.

In order to overcome these problems, it is necessary to estimate the water availability under
different scenarios such as with and without watershed interventions. Water conservation
efforts through a certain quantum of water harvesting under a modelling framework would
provide valuable insights into water availability. Based on the available water after
conservation efforts at the farm level, additional storage could be planned on streams as
ex-situ conservation interventions after accounting for the existing storage capacities
through tanks. Modern tools such geographical information system (GIS) coupled with the
high computing power available and publicly available datasets enhance the capabilities of
project Implementing Agencies (PIAs) in visualising the watershed features and key
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parameters representing erosion status and runoff potential. This helps in making informed
decisions in prioritising the sub-watersheds within the meso-scale hydrological units.

7.1.1 Groundwater quality analyses and bore-well drilling in Prakasam and
Anantapur study areas under meso-scale ACIAR project

The project has initially has been designed to assess the impact of WSD and hence the
quality of groundwater was not planned to be analyzed. However, during the conduct of the
project, it was realized that groundwater quality often affect the management issues and it
was decided to test groundwater quality by analyzing at least twice a year. Hydro-
geochemical study of ground waters was thus carried out in both the watersheds. The
analytical results of physio-chemical parameters of groundwaters were compared with the
standards as recommended by the ISI and WHO (2004). The result shows that most of the
parameters like Electrical conductivity (EC), Total Dissolved salts (TDS), Sodium (Na),
Magnesium (Mg), Nitrate (NO3) and Fluoride (F) are beyond the desirable limits and
maximum allowable limits of the ISI and WHO drinking water guide lines particularly in
Maruva vanka and Vajrala vanka watershed.

EC is a relevant measurement of salinity hazard to crop when using groundwater for
irrigation. Classification of groundwater based on salinity hazard was also made according
to the recommendation of Wilcox (1955). According to Wilcox (1955) classification 62.5%
and 37.5% samples show unsuitable category in pre-monsoon season and 66.7% and
33.3% have unsuitable category in post-monsoon season in Maruva vanka and Vajrala
vanka watershed. In Peethuruvagu watershed only 15%, 75% and 10% of sample fall in
good, doubtful and unsuitable category respectively in pre monsoon season and in post
monsoon season these figures are 20%, 65% and 15% respectively. None of the samples
fall under excellent category in both the watersheds and in both the seasons.

Na concentration plays an important role in evaluating irrigational quality of groundwater. A
high concentration of Na is undesirable as Na is adsorbed on the exchange sites causing
soil aggregates to disperse, reducing its permeability. The Na in irrigation waters is also
expressed as percent sodium or soluble sodium percentage (Na %). According to Wilcox
(1955) 33.33%, 45.83%, 12.50% and 8.33% of samples have good, permissible, doubtful
and unsuitable irrigation water quality category in pre monsoon season. In post monsoon
season 25%, 33.33%, 20.83% and 20.83% of samples have good, permissible, doubtful
and unsuitable irrigation water quality category. In both the seasons none of the sample fall
under excellent category in Maruva vanka and Vajrala vanka watershed. In Peethuruvagu
watershed 5%, 70% and 25% have good, permissible and doubtful irrigation water quality
in pre monsoon season and 35%, 10%, 20% and 15% have Excellent, good, permissible
and doubtful irrigation water quality in post monsoon season.

In addition, fluoride that is an important parameter in defining the groundwater quality and
the analyses show that groundwater has higher Fluoride content that the permissible limits
in the Anantapur areas whereas the values of Fluoride are within the permissible limit in
Prakasam dist for both the seasons.
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Thus such study could very clearly demonstrate the suitability of the groundwater for various
purposes so that suitable remedial measures could be planned. The study also shows the
importance of groundwater quality in any watershed projects.

In a similar attempt, the subsurface was investigated using advanced geophysical
techniques of Electrical imaging and sounding. This information has provided better
knowledge on the sub-surface geological formation and it was proved that the knowledge
using advanced technique has provided better result after drilling the borewells. The
potential aquifer were found where the local farmers could not get any groundwater. The
drilling results are provided in the table. Drilling were made in upstream, downstream and
midstream in both the study areas.
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Table 1 Details of drilled bore wells in both the watersheds

i Total
Well Village Elevation in| depth | Water struck | Discharge in
Long/Lat . . ; . Remarks
No (Location) m amsl| |drilled in|  in m bgl litre/sec
‘m!
Maruva & Vajrala vanka
Rollapadu 77.670E Bore wells are rare in this area. Local people’s opinion was there is
MV1 Thanda 472 91.4 49.37 2.08 no water in this surrounding site. Only one bore well was observed
(Upstream) 15.260N nearby this site.
Uttakalu 77.650E 18.89 & Local peoples were not interested in this site. Because many failed
MV2 ) 404 137.16 10'7 59 1.73 bore wells are nearby this site. Total drilled depths of failed wells are
MV3 Medhi Tanda | 77.590E 305 121.92 94.48 & 248 The vyield of this well is very good. Low yield and failed bore wells
(Downstream) | 15.190N ' 117.34 ’ are observed nearby this site.
Peethuruvagu
Pottipalli 79.030E Local peoples were not interested in this site. Because many failed
PV1 246 101.49 63.39 0.69 bore wells are nearby this site. Total drilled depths of failed wells are
Mokshagundam | 79.070E 102.10 Local peoples were not interested in this site. Because many failed
PVv2 ] 216 163.27 : 0.25 bore wells are nearby this site. Total drilled depths of failed wells are
(Midstream) 15.460N &106.98 around 183 m.
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PV3

Near Setticherla

(Downstream)

79.090E
15.520N

204

90.22

Drilling was stopped at 90.22 m bgl because very thick compact zone
was observed from 57 m bgl to 90.22 m bgl.
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7.2 Socio-economic implications

In the absence of appropriate or optimum design and implementation of watershed
interventions, the expected positive socio-economic impacts may not be evident. Moreover,
they would vary across locations depending on the aquifer geometry, type and nature of
aquifer, rainfall-runoff and recharge, surface-groundwater recharge, extent of surface water
storage, and land use pattern. The externalities of hydrogeology could be captured in the
upstream-downstream context at the meso-scale, when watersheds are placed within a
hydrological unit. Besides, the lag between the implementation and impact assessment
could influence the impacts, as measured from the experience of the households—the
greater the lag the higher the risk of households missing the linkages between the
interventions and their impacts. Unlike the earlier impact assessment studies, the sample
watersheds here are purposively selected from a hydrological unit by the hydrogeology and
biophysical scientists.

Technically, watershed interventions are expected to strengthen the natural resource base
and improve the resilience of the farming system. Hence, the resilience of the household is
included as an indicator of watershed impact. In addition to the standard approach of
measuring the impacts on various socio-economic indicators, the SRL framework of five
capitals has been adopted to provide a holistic assessment.

As expected, the standard approach of impact assessment failed to provide any clear
evidence due to the time lag. In the case of the five capitals, the impacts are observed to
be subdued though statistically significant. On the other hand, reported resilience has
provided clear evidence of impact when compared to the five capitals approach. Resilience,
measured in terms of household capacity to withstand a number of droughts, is positively
associated with the rainfall (Hydrological unit-HUN), location (downstream), and watershed
(treated area). That is, the unit (HUNZ2) with better rainfall is more resilient than the one with
lower rainfall (HUN1); downstream locations are more resilient than upstream and
midstream locations; and villages treated with watershed interventions are more resilient
than untreated (control) villages. These findings support the formulated hypotheses.

However, there are deviations to this logical pattern: the extremely poor performance of the
upstream village in the low rainfall zone (HUN1) despite being a model watershed
(acclaimed as a best-implemented watershed) and the unexpected poor performance of a
watershed in the relatively better rainfall zone (midstream village in HUNZ2) despite the shifts
to high value horticultural crops, defy standard explanations.

The explanation for these deviations lies in the hydrogeology of the locations. The
hydrogeology of the upstream village in the low rainfall zone (HUN1) is very shallow (basin)
and does not support any on-stream interventions for groundwater recharge. As a result,
despite well-constructed and maintained check dams, this village could not benefit from
groundwater recharge. Hence, this village continues to depend on shallow wells and the
situation worsens during years with less than normal rainfall.

On the other hand, the case of the midstream village in the better rainfall zone (HUN2) is
that the land use pattern is not in line with the groundwater potential. This village is
characterised by a moderately shallow basin with limited groundwater potential. Due to the
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nature of the aquifer, groundwater swells and depletes faster during good as well as bad
rainfall years. Due to the absence this hydrological information, horticultural crops were
promoted, and when the demand for water surpassed supply the potential wells started
failing and the crops started drying up. This was because groundwater was exploited
beyond its potential (sustainable yields or rainfall-recharge coefficient). Therefore, as long
as there is balance between demand and supply, cultivation of water-intensive crops such
as the horticultural crops is sustainable, as observed in parts of the low rainfall zone (HUN1).

These two cases clearly demonstrate the role and importance of hydrogeology and land
use practices in explaining and understanding the watershed impacts. In the absence of
such information the impacts are often attributed to the quality of watershed implementation
or at the most to rainfall variations (if any). This clearly indicates the need for considering
the biophysical aspects while designing and implementing the watersheds. With such
integration of designing, implementation and assessment becomes convenient and
comprehensive when watersheds are placed in the context of a hydrological unit.

Parametric and semi-parametric analyses of farmers’ perceived drought survival responses
were performed to assess the role of the five capitals as well as the households’
characteristics in making farmers resilient to repeated droughts. Drought resilience with and
without WSD intervention as well as the identified variables that influenced farmers’ non-
agricultural incomes such as employment programs, dependence on common pool
resources, and migration incomes were tested. It was found that households with a
significant source of non-agricultural income could either come from vulnerable or resilient
categories. Further, it is observed that the role of human capital such as health and
education in influencing drought resilience becomes very crucial. Healthy individuals are
not only found to show higher participation in labour force and employment programs, they
also have higher income from common pool resources as they can put in more effort.
However, all the healthy households are not necessarily drought resilient. Similarly, a larger
number of educated members in the household also made the household more resilient.
However, households that spend more on education indicate a marginally lower drought
survival. This highlights the tradeoffs between accumulating higher human capital (which
could provide long-term resilience) at the cost of reducing current or short-term resilience.

Equity has been the most difficult objective to achieve in any developmental intervention.
This is more so in the case of WSD, as the technology is land-based; i.e., landless
households automatically fall outside the set of beneficiaries. In order to overcome this bias,
other interventions targeting the landless such as supporting non-agricultural activities, self-
help groups, and so on, have been introduced under the livelihoods support component.
Apart from this, the inequity within the landed households is the most controversial as it
tends to increase with the interventions due to structural anomalies like access to
groundwater. Addressing the structural issues will require major policy changes, apart from
proper planning of WSD interventions. This is not only observed in India but also in
Australia. That is, long-term management of WSD requires consideration of how collective
decision making and action can be maintained at an appropriate hydrological scale in both
Australia and India. Crase, Gandhi and Clement, (2013) has provided valuable insights as
to the criteria that any new institutions at the meso level would have to meet to enhance the
possibilities of success. These can be used at the outset in combination with the initial
application of WSD or integrated water management at a whole of catchment level.

While property rights and markets can assist, there is no natural “evolution” to sustainability
through these vehicles. Although both can be helpful, there is a need for them to be
underpinned by concerted community action that needs to be based on distributive and
procedural justice. It is clear that landholders are motivated by individual profit needs and
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rely largely on their own judgment or follow lead farmers when choosing the crop type. In
the long term, this will lead to the ongoing deterioration of the resource in quantity as well
as quality terms.

It is observed that communal approaches to groundwater management do exist, but are not
currently of great priority to the community in Andhra Pradesh. However, the move to meso-
scale WSD will require careful attention to how justice principles can be used to promote
sustained community action and appropriate property rights. In this regard, four
“rationalities” or criteria for the successful delivery of the WSD identified by Crase et al 2013,
will provide a very useful evaluative tool. These rationalities include social rationality,
political rationality, organizational rationality, and government rationality all of which are
highly pertinent to the achievement of justice and cooperation at the local level and crucial
if meso-institutions are required to be designed and created .

7.3 The approach to integration

Integrated modelling methodologies have a greater potential compared to purely
disciplinary approaches to support comprehensive assessment of social, economic and
biophysical aspects of a complex natural resource management such as the WSD. Climate
and recharge estimates drive predictions and assessment of the availability of surface and
groundwater resources as impacted by WSD, climate, and landuse (i.e., water extractions).
Water availability and land use together influence crop productivity for households that have
access to the available water resources, depending on how they use these resources, and
consequently, their decisions and resilience.

The critical aspect of research is to integrate the various technical aspects of WSD
interventions and their impact on the socio-economic fabric and livelihoods of the
communities. The Bayesian Network (BN) methodology has been used to achieve this. The
BNs have been applied within the meso-scale project to relate the stocks of the livelihood
capitals to the capacity of the households in order to survive consecutive droughts. The
utility of the BN models in analysing social data sets and how scenario analyses can be
implemented using the approach has already been demonstrated (Ticehurst, Curtis, &
Merritt, 2011). Hence, the BN models form the basis for the integrated model described and
are used to link the biophysical and livelihood outcomes to alternative policy scenarios.

Thus, the increased scale of watersheds brings in advantages and disadvantages as far as
the effectiveness of the programme. As discussed previously, the IWMP at 5000 hectare
scale should help internalise the externalities associated with hydro-geology and bio-
physical aspects. On the other hand, it could hinder institutional aspects pertaining to
collective strategies. It is necessary to assess the impacts of watershed interventions using
an integrated approach. Here the integration is achieved through loose-coupling of bio-
physical and socioeconomic models (Figure 7.1) of the watersheds at a scale of 5000 ha.
and above. The bio-physical model consists of hydro-geology, rainfall, soil type, land use,
etc., while the socio-economic model incorporates household resilience in relation to its
livelihood capitals. The integrated model is primarily driven by the socioeconomic model.
Within the socio-economic model watershed impacts are assessed in terms of household
resilience to changes in climate viz., mainly droughts. Level or degree of resilience (number
of droughts a household can withstand) varies across households. The degree of household
resilience is linked to the household's assets and capabilities. Sustainable livelihoods (five
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capitals) framework is used to assess the household assets and capabilities. Outputs from
the bio-physical model and supporting analyses were linked to household assets and
capabilities in the socio-economic model through variables representing natural capital,
especially the quantity and quality of water and land quality. Bio-physical attributes like
hydro-geology, rainfall, soil type, etc., are exogenous or given to the household. These
attributes need to be taken in to account while assessing the watershed impacts. These
attributes are critical in determining the extent of impacts, the designing of interventions
should consider these aspects for optimising the impacts. Of these hydro-geology and soil
type are highly variable and instrumental in creating inequity in access to resources, assets
and capability. However, some households could substitute the lacuna in these attributes
with other capabilities (capitals) like human capital or social capital to enhance their
resilience.
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Biophysical Model
Hydro-geology/ Bio-
physical aspects

Socio-economicresilience model

Watershed Impact

Scenarios (e.g. climate, hydrology and land use scenarios, equity rules)

Stakeholder Engagement

Figure 7.1 Integration Framework

The integrated model is based on the research that has adopted a clear analytical
framework and scientific approach for assessing the watershed impacts. The aim of the
integrated approach is to provide design inputs for sustainable watershed interventions that
enhance livelihoods outcomes. The bio-physical model uses appropriate modelling
techniques that include groundwater, surface-sub-surface water modeling; landuse
modeling; etc. These models are used to arrive at appropriate watershed intervention
designs that are location specific. The nature and density of interventions are determined
by the exogenous factors like rainfall, soil quality; slope, aquifer structure; land use (forests,
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waste lands, etc), etc. Crop patterns would be sustainable when crops are grown according
to these bio-physical attributes. For cropping pattern in a specific area influences the
groundwater use and balance. When crops are chosen according to the soils and
sustainable groundwater yields, it could be termed as sustainable crop pattern.

Community livelihoods are determined by the bio-physical potential of the region that can
support farm systems with high potential to enhance livelihoods. While agricultural or farm
systems could enhance livelihoods in terms of financial capital, there are other forms of
household assets and capabilities (human, physical, social) that could potentially enhance
livelihoods. And watershed interventions might directly or indirectly influence these capitals.

Hence, watershed impact assessments should look beyond natural and financial capital on
which watershed has a direct bearing. The socio-economic model adopted here looks in to
five capitals and capabilities of the household. Number of indicators of these five capitals
along with the bio-physical aspects are used to explain the variations in watershed impacts
(resilience) between upstream / downstream and control situations.

Equity is evaluated in terms of horizontal and vertical distribution of benefits. Horizontal
equity is assessed by comparing upstream / downstream impacts. Vertical equity is
assessed in terms of distribution of benefits with in upstream / downstream. The integrated
model helps in assessing whether the distribution of benefits is optimum given the bio-
physical attributes of the specific location. The model helps in arriving at alternative and
appropriate design interventions that could optimise the benefits. Equity would be optimum
when benefits are optimised across locations. Optimum equity is not necessarily the
absolute equity, which is ideal and desirable. Appropriate policies (compensation,
subsidies, incentives, payments for environmental services, etc) could help converting
optimum equity to absolute equity to a large extent. This is true even in the case of vertical
equity though the different types of policy interventions are required to improve absolute
equity.

While the integrated model is built using the actual data generated at different levels viz.,
village, household; etc., it is capable of developing alternative scenarios. These scenarios
pertain to climate change predications; groundwater (hydrology), land use changes; etc. In
fact, these scenarios are generated based on the perceptions of various stakeholders and
implementing agencies through stakeholder engagement process.

7.4 Model structure and development process

BN sub-models have been developed for each of the five capitals based on the resilience
survey data. These sub-models are linked to a measure of resilience which is defined in this
study as the capacity of a household to survive consecutive drought years (Figure 7.2).
Stocks of each capital during 2010-2011 are related to household class variables and, if
applicable, additional explanatory variables. Levels of each capital stock are linked to the
resilience of that stock. The resilience variables are linked to a final outcome variable which
describes the strength of each household’s capital summarises the technical steps involved
in the model development process (Figure 7.2).
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Figure 7.3 Model Development Process

7.5 Livelihood capital sub-models

The BN sub-models have been developed to demonstrate the impacts of WSD on livelihood
capitals and household resilience to drought, both within and between the study villages.
Household class variables reflect treatment (Watershed Development), geographic
(Hydrological Unit and Location) and socio-economic categories (Economic Category [farm
size] and Social Category [caste]). In this report we present one of these models relating
to human capital. An overview of all five capitals are shown in Reddy & Syme (2015) as
are various examples of how social data can be interpreted using BNs. The natural capital
model is discussed in detail in Reddy & Syme (2015).

The human capital stocks represented in Figure 7.4 are skills, education, and health. The
Skills variable is the child node of the Economic category, Social category, Hydrological unit
and Watershed development variables. Education resilience is related to both Literate
household members (which is determined by Economic category, Watershed development
and Hydrological unit) and Education expenditure which is linked to the Economic category
and Location. Health resilience is linked to the Health and Health expenditure. These
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variables are, in turn, linked to the Economic category, Watershed development and
Hydrological unit. Health is also linked to Social category and is a parent of Health
expenditure.

Watershed development

Watershed development Economiccategory Economiccategory
Social category Social category Hydrological unit Location
Economiccategory
Hydrological unit l | l
' ! | }
i Health Education .
Sl Health ) ) Literacy
expenditure expenditure
| ] l 1
v v
Drought Drought support Drought support
support (skills) (health) (education)
| I |
v

Human Capital

Figure 7.4 Structure of the human capital component BN

7.6 Putting science to practice

Converting good science into practice is critical for achieving the stated objectives for any
developmental intervention, especially when technical aspects are involved. Currently
engaging with the stakeholders is gaining importance in research programs. Stakeholder
engagement needs to be an integral part of a research program from the beginning; but
often, researchers interact or share with the stakeholders only when they have something
substantial to convey or share. Such an approach, however, does not appeal to the
stakeholders, especially policy makers, who often treat the interactions as a formality. This
is more so in the context of integrated research where transdisciplinarity makes it complex
to convey. Moreover, achieving integration among the team members often takes a
considerable amount of time and effort. The experience from this project is not very
different, though the Department of Rural Development (Andhra Pradesh), which is the
nodal agency for implementing the WSD program, has been a formal partner in the project
from the beginning. The real challenge was to differentiate between integrated framework
and approach. The project could achieve the shift from the framework to approach quite
effectively; it took a focused and concerted effort from the project team to get the right
messages to the policy makers at the state (Department of Rural Development) and national
levels (National Rainfed Area Authority).

The stakeholder engagement was targeted at three levels, viz., policy makers (state and
national level), implementing agencies at the field level (government and non-governmental
agencies), and the farming communities in the sample villages. The intention was to
integrate the priorities of policy makers and the farming communities into the research and
enable the middle-level implementing agencies to understand and adopt this integrated
approach. Understanding the hydrogeology and managing groundwater accordingly has
been the main concern at the policy level while optimising groundwater use in a sustainable
manner has been the priority of the communities. At the community level, the hydrogeology
along with soils and land use in their villages and its linkages with the existing groundwater
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conditions and watershed interventions were presented and discussed. This awareness
was expected to change their obsession with on-stream interventions (check dams) as
against on-farm interventions. Besides, it was also expected to help in improving the
acceptability of the new design and implementation of watershed interventions. Similarly, at
the policy level, though the policy makers are aware of the importance of hydrogeology in
watershed design and implementation, they were not clear on how to take it to the
implementation level. The simplified and practical approach adopted in the project has
attracted the interest of the policy makers at the state as well as national level, which
translated into the demand for customised training for their implementing agencies. Most
importantly, the team was requested to help them in preparing the detailed project reports
(DPRs) that form the basis for watershed implementation. The first pilot training provided
by the team to the district-level implementing agencies was well received and there were
requests for more such training with enhanced focus on hydrogeology as was the national
program in New Delhi in December 2014. This is a clear sign of the benefit of stakeholder
engagement and putting science into practice.

7.7 Research Communications

As outlined above the project team developed a systematic communications approach
(Figure 7.5) to enable a considered approach to the incorporation of stakeholder viewpoints
into the development of the research, possible scenarios in relation to the future
development of WSD and the development and of training modules. At the end of each
activity feedback has been received from the participants and used to design the next
course. Further, training requirements have also been identified and will form the basis of
future training programs. Specific activities aligned to this approach are described in Section
7.8.
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Figure 7.5 The design of the communication strategy
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8 Impacts

8.1 Scientific impacts —now and in 5 years

This project provides a practical example of an integrated approach to the evaluation of
WSD and other formulations of integrated water management. The Bayesian Network
approach demonstrates the need to derive an integrated approach from the beginning which
can interact with the specific component studies and can affect their conduct and vice versa.
While each of the components of the research have been used before often in other
situations the combination of them all provide an example that can be developed and
improved by others. For this reason it was decided that a major component of the project
would be to present the work in one place as a book which explains both the advantages
and disadvantages of each component and sets challenges for future groups to follow. Itis
hoped that the book will be used as a template for evaluation studies now and in the future
and in an-ex ante way for new policies.

Each of the component activities has also provided advances to approaching WSD
evaluation.From the socioeconomic and environmental impact point of view the research
has paved the way for a systematic and evidence based approach. The research has
provided ample evidence that the existing approach to assessing socioeconomic and
environmental impacts of WS interventions are not scientific enough. Impact studies thus
far have not taken rigorous note of the scientific aspects of the linkages between bio-
physical and hydro-geology on one hand and socioeconomic system on the other. This
research clearly shows that socioeconomic and environmental impacts are not only due to
the quantity and quality of WS interventions per se but also due to the biophysical and
hydro-geological attributes of the location. The designing of watersheds so far have not
taken the bio-physical and hydrogeology (sub-surface) aspects into consideration, as the
design is mainly tuned to surface hydrology (mainly stream flows). The nature and density
of interventions would be different if the design is in accordance with sub-surface
hydrogeology and bio-physical aspects. More importantly, the type of interventions that are
appropriated will vary from location to location. Such a design not only ensures efficient
allocation of resources but also ensures effective and sustainable impacts.

This is the first study in India to examine the impacts of watershed development (WSD)
programmes at the meso level in an integrated manner that is inclusive of the hydrologic,
socioeconomic and livelihood dimensions. As part of that integrated assessment we have
developed a surface water— ground water modeling simulation tool that can provide
information on the spatially distributed availability of surface water and groundwater
resources (expressed in terms evapotranspiration, groundwater recharge and surface
runoff), on a monthly basis for a range of watershed intervention, landuse and climate
related scenarios. The tool is applicable to assessing hydrologic impacts of farm level land
use changes and watershed treatment activities at the micro and meso-scales.

The model has been named EWAC, or “Equitable surface and ground Water Allocations in
Catchments” in full. EWAC was first developed in the MATLAB programming language,
tested and verified at the Kothapally micro-scale watershed and then applied at one of the
meso-scale watershed study sites at Prakasam. The performance at Kothapally was tested
against the SWAT model and found to be acceptable. At Prakasam, where SWAT modeling
was not carried out, the results are good in terms of the goodness-of-fit measures of the
groundwater component which can be most easily verified are reasonable given the
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assumptions made. The surface runoff and evapotranspiration can be simulated well. The
tool was subsequently refined to make it available for use via Excel. Being “simple” in nature
and formulation, the tool is intended to be as generic as possible and requires minimal data
that can usually be met from secondary sources. The spreadsheet interface makes EWAC
accessible to non-specialist users with responsibility in planning and implementing new
projects in a better way than the largely ad-hoc manner currently employed.

The research has also provided new insights into the impact assessment of WSD
interventions. The conventional short term indicators of impact such as annual production
or seasonal groundwater levels are found to be less suitable when there is a lag between
implementation and impact assessment. In such cases, the research has provided new
evidence that household resilience (defined as drought withstanding capacity) is a more
comprehensive indicator to assess WSD impact. Though resilience appears to be the right
indicator, in retrospect, given the nature and purpose of WSD interventions, resilience has
never been an indicator of WSD impacts.

On the whole the scientific impacts (socioeconomic context) of the research can be
summarised as:

a) Integrating and understanding the hydrogeological and bio-physical aspects is necessary
for understanding and assessing the socioeconomic impacts.

b) Planning and designing of WSD interventions in accordance with site specific
hydrogeology and bio-physical attributes ensure not only efficient allocation of resources
but also effective and sustainable impacts.

c) There is a need for a change in how watershed impacts are measured in terms of the
development of long term biophysical and socio-economic indicators..

The project has also demonstrated the utility of the BN methodology to evaluations and
analysis of WSD impacts. Linking the survey data to the SL framework using the BN
methodology allowed us to explore interactions, influence and causality in the data has not
often been successfully attempted.

The outputs of the project will be influential in the design and, if funded, implementation of
the ACIAR project promoting socially inclusive and sustainable agricultural intensification in
West Bengal or Bangladesh (LWR/2014/072). The findings have also been useful for
assisting the current World Bank project on catchment management which is a forerunner
to the national Neearanchal project.

8.2 Capacity impacts —now and in 5 years

i) The research has immensely impacted the capacities of the research team. Now the team
thinks and believes in integrated approach to WSD assessments.

i) There has been a lot of cross learning across disciplines- the team now can understand
and feels comfortable discussing hydrogeology, biophysical and socioeconomic aspects
with a range of audiences.

iii) As social scientists we are now able to understand language and relevance of
hydrogeology and bio-physical aspects in WSD and its importance in , Natural Resource
Management in general.
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Beyond the research team- the implementing agencies (Government and NGO) are more
aware of the importance of an integrated approach to WS planning, designing and
implementation. The research, in fact, created demand for capacity building at the state and
central level. The state and central nodal agencies responsible for WS implementation have
requested training for their officers. Even the NGO leads have requested for training in the
integrated approach.

The research has also provided the basis for two successful PhD theses in two very different
topics: geospatial data analysis for impact assessment (Sreedhar Nallan) and scale issues
in social justice in water allocation (Patrick). The first was supported by an ECU Scholarship
and the latter by a CSIRO Scholarship.

Training modules have been prepared from the study and training sessions given to
government and non-government participants responsible for planning and implementing
watershed development projects in Andhra Pradesh and other states where such
interventions are commonly used.

At the WSD implementation level a series of three training programs at national and state
level have provided an opportunity to use the major findings in WSD implementation. Over
100 people have been involved in the courses. It is envisaged that the skills gained will
widen through this group over the near future.

There has been some interest in the Bayesian Network approach from attendees at Delhi
workshop (including WOTR), and planning is underway to provide training for key
individuals (e.g. Dr . Sanijit Rout). BNs are a potentially useful tool for planning phase of
new intervention programs. The network structure can be elicited through participatory
modelling processes such as focus group discussions and used to conceptualise how
stakeholders (including community members, NGO’s, GO’s and/or researchers) think the
system works. This process could help to identify critical indicators to measure prior to,
during and post-implementation(see Section 7.9).

The EWAC model helps to fill an important gap in terms of how to implement the
Government of India’s Integrated Watershed Management Program in a way that addresses
the water resource constraints and the mismatch between hydrogeology and the watershed
interventions proposed. Being relatively generic in nature, its application is not necessarily
limited to WSD related issues in India and could potentially be used for broader agricultural
water management issues.

EWAC has been used to evaluate WSD from an ecosystem approach that seeks to make
the most of the natural resource base to improve the livelihoods of rural communities on a
sustainable basis. We have examined these aspects and generated data and tools that
have helped to raise awareness and stimulate discussion amongst the responsible
agencies within the government of India and NGOs implementing projects.

The project has reached out to stakeholders on a regular basis from even before the
beginning of the project to create awareness among some of the key policy makers at the
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state and central levels in India. The National Rainfed Authority (NRAA) is a key stakeholder
at the national level and the Department of Rural Development (DRD) in Andhra Pradesh
at the state level as well. There is a need for more ongoing concern about the convincing
arguments presented regarding the unintended impacts of watershed treatment activities,
including reduced stream flows, rampant well drilling and associated over-exploitation of
groundwater.

An invited presentation based on the meso project will be given at the UNESCO meeting of
DWADI in Tehran in July 2015.

8.3 Community impacts — now and in 5 years

8.3.1 Economic impacts

The investment in WSD is now very significant (e.g. almost $US400 million in funding
released to all states by Ministry of Rural Development under IWMP), and this study
provides an integrated tool for evaluating outcomes and thus maximising the sustainable
economic benefit. The analysis of financial capital through the BN could also enable an
understanding of the micro-economics involved when WSD is implemented.

Specifically the water productivity analysis showed that

¢ Both groundnut and cotton are irrigated-dry crops

e Upstream farmers are likely to benefit if more water is harvested to irrigate
groundnut and downstream farmers benefit more by allocating more water
to cotton crop

e Such a shift in water use between the streams would enhance overall
productivity within a hydrological unit

8.3.2 Social impacts

Community impacts are long term in nature. Attempts are made to inform communities
regarding the importance of Hydrogeology and landuse in impacting groundwater levels in
the context of watershed. Unless the scientific and technical variables are integrated into
planning and designing their ultimate impacts are not realised at the community level.

The lithographs obtained through the geophysical work have been effective in at least one
village of identifying appropriate places for bores to access water supply. In villages where
older techniques have not been able to find such sources the techniques developed for this
project can provide a significant long term advantage in terms of access to water.

8.3.3 Environmental impacts

The research has shown how WSD can be systematically developed using sustainable
groundwater use given the specific hydrogeology of the macro and meso catchments. It
highlights that more than just blanket administration of standard interventions. Given that
decline in groundwater tables is currently a major issue both with and without WSD
intervention, this project has provided a significant impetus to sustainable water
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management. Sustainable groundwater water use also translates to the maintenance of
enhanced ecosystem services in rainfed landscapes.

8.4 Communication and dissemination activities

A stakeholder engagement plan was prepared and implemented. The AP Department of
Rural Development (DRD) has been a key stakeholder all along from the previous Special
Commissioner to the current. They have attended all meetings, provided their perspectives
and sought our advice and support. There has also been engagement and awareness raising
with key implementing NGOs (e.g. WASSAN, WOTR, DHAN Foundation), and at the national
level with the NRAA.

A 2-day training course was conducted for government officials of the DRD from 10 districts
in February 2014 in Hyderabad. The objective was to incorporate project learnings and the
knowledge of the project team into the implementation of the ‘Integrated Watershed
Management Program’ specifically via the Detailed Project Reports (DPRs) process. The
course was well-received by the team members and feedback provided by the Special
Commissioner of DRD.

As a follow-up to the training “Assessing Scale Impacts of Watershed Development: An
Integrated Approach” was held in New Delhi in November 2014. Key NGOs in WSD
implementation along with government officers and eminent guests discussed the
challenges in implementing the Indian WSD guidelines and the benefits that have emerged
from the research project.

These training initiatives will be developed and continued in other states over the next
year and hopefully beyond.
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9 Conclusions and recommendations

9.1 Conclusions

During project formulation it seemed that this research would largely confirm that meso-
scale intervention was the best compromise between a larger scale of watershed
intervention (which should help avoid inappropriate interventions and would be more likely
to result in a more sustainable outcome) and micro-scale interventions which are more
easily implemented but where the espoused social goals can only be met if benefits
accruing at micro-level did not occur at the expense of water availability or livelihoods at
other locations. However, the question of appropriate scale was not simple and the team
had to clarify what scale meant in the context of the project goals (Syme, Ratna Reddy,
Pavelic, Croke, & Ranjan, 2012). This process highlighted the need for a legible
hydrological context before meso-scale WSD can be designed and implemented. This can
be achieved by some simple macro scale modelling to establish where interventions were
likely to succeed and inform selection of sites in the overall catchment.

There is a clear need to define what you are trying to achieve with WSD and simple
indicator(s) and frameworks that can measure and show impact. In this case we chose the
concepts of resilience (the number of years the person could survive in drought
circumstances). The socio-economic and land use outcomes need an integrated framework
for analysis. Linking livelihood and resilience to surface and groundwater models helped
demonstrate the effectiveness of WSD. The research indicated some modest, although
unequally distributed, benefits of WSD at meso level. New institutions will be needed at
regional level to ensure effective and equitable implementation. Ignoring these issues raises
the likelihood that debate around equity issues it will increase and uptake of the program
may decline.

Lastly, WSD must be considered in tandem with other social programs which affect the
livelihoods to adequately assess its effectiveness and how synergies can be created with
them to ensure holistic social policy in rainfed areas.

9.2 Recommendations

In a way this research is futuristic, at least when it was initiated in the year 2009 and
designed as per the priorities of the Department of Rural Development, Government of
Andhra Pradesh. At that stage, the concept of meso-scale watershed was just being
introduced and the implementation was about to start. The priority of the department was
to understand the major concerns and the likely livelihood impacts of the WSD program. In
order to achieve this objective, the research team had to find a prototype meso-scale
watershed in a hydrological context. Thus, the study is not typically an impact assessment
of the meso-scale WSD program, though it provides all the necessary insights into the likely
impacts and concerns. On the whole, the assessment of the impacts validates the
hypotheses that meso-scale watersheds could generate differential benefits at scale
(upstream/downstream). Given the lag between implementation and assessment, the
impacts are most conspicuous in terms of perceived household resilience.
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However, it is clear that there is some mismatch of perceptions of the outcome of WSD in
terms of the benefits and costs to other parties that relate to hydrogeology and the
biophysical characteristics of the location. These (typically ignored) aspects need to be
directly addressed in order to improve as well as sustain the watershed impacts. Important
concerns and challenges that need policy attention include:

¢ A hydrology-based approach of selecting IWMP watersheds would help in
understanding and accounting for potential upstream— downstream
linkages

e Technical inputs need to be used for assessing surface and groundwater
hydrology and their linkages in the context of biophysical attributes, while
designing the watersheds. This project has demonstrated that models and
tools, with limited data demands, can be used at the implementation level
with appropriate training

¢ Based on the hydrogeology and biophysical aspects of the location, WSD
interventions can be rationalised in terms of the type and density of
interventions—it is not necessary for the entire area to be treated. In fact,
some portion of the watershed could be left untreated as a buffer (donor)
for the rest of the watershed

e The present blanket, fixed per hectare allocation of funds is not
appropriate. Rather, allocation needs to be location-specific with funds
divided, within and between watersheds depending on agro-climatic and
hydrogeological factors

e Household resilience is an important indicator of the socio-economic
impacts of WSD and needs to be explicitly considered

¢ Achieving equity remains a difficult issue to be resolved and demands
judicious planning of interventions with justice principles in mind

¢ Bayesian Networks (BNs) have the potential to support IWMP design and
evaluation

e Stakeholder engagement is an integral part of any research project aiming
forpolicy changes. However translating it into effective policy is a time-
consuming and difficult process and thus stakeholder engagement
remains a big challenge in the post-project phase. Funding agencies
should identify and support follow-up activities that may add substantial
value

e The project has helped to improve the Detailed Project Report (DPR)
process - the vehicle by which the IWMP is implemented while there has
been some progress in institutional terms understanding process
evaluation is still in its early stages

e Similarly, continued efforts are needed to build capacity within the GOs
and NGOs in the implementation of the DPR

¢ Interms of the hydrological and biophysical research it is necessary that
the impact of these factors is examined in the context of different
landscapes, particularly in alluvial river basins such as the Ganges
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11Appendixes

Appendix 1: Comparison of WA, SA and Andhra Pradesh

Notes from Workshop

Compiled by: Joseph Guillaume

Differences

o Differences tend to be related to current situation with more similarities in objectives
and principles

¢ “Environment” is a user in Australia (or is becoming so)

e Greater level of emphasis placed on ecosystems and environments

¢ Models will not be trusted, and model results may be selectively interpreted. It is
better to use a model instrumentally as a strawman to trigger discussion and debate
rather than as a deterministic predictive tool. Focussing on how to handle what could
happen can be more effective than trying to determine what will happen.

O

O O O O

o O O O

Culturally different.

Need to still be stochastic

Different views of professional in the two countries

Model development and use is still at infancy stage by departments.

Often used at basin scale to sort the issues of interstate disputes for judiciary
purpose rather than using them for WRM in a practical way

Model development for determining sustainable yield is mainstream but the
use of the models still in infancy. Not clear that models play an essential role
yet, compared to just basic science. Many models not really used.

Differing function and role of existing NGOs

Historically NGOs had greater role in Australia but have been sidelined

E.g. landcare

Friends of the Earth and Friends of Willunga Basin lobbying for protection of
Washpool

Landcare funding for ‘Regreen the range’. Revegetation of grazing land on
the range

e Palicy is limited in its ability to respond to local and temporary variations because it
does not directly control pumping, and policy processes take time, resulting in
delayed responses.

O

In India, policy is not related to pumping. Pumping is controlled by access to
electricity

The control is the electricity supply

In McLaren Vale, pumping ends up being determined by winery
requirements for quality, given the climate conditions

Crop water needs vary
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o Cost of pumping is not the main limiting factor, possibly because grapes are
high $/ML
e Inrevising a plan, it is easy (for both users and planner) to keep the same rather
than raise new issues and introduce innovation, to avoid resistance to change, and
especially under time and resource constraints. This causes tension with adaptive
management.
o InIndia and Australia existing users don’t want to lose the existing rights
o India just starting to move into adaptive management process, e.g. small
scale WSD changing to meso-scale WSD
e Social goals e.g. livelihood more evident in Indian documentation
o Australia emphasis at most on economic viability
o Preference for economic efficiency. Changing crops and land use tends to
be possible and expected — considered to be a normal part of business, not
something to be avoided. E.g. almonds to grapes. Loss of food crops for
lifestyle instead
o Gender
=  Women more likely to be on WAPAC
= |mportance in India
e Nature of support for farmers
o Economic/financial (drought support payments during/after crisis, e.g. fire
drought
Access to water
Access to services
Organisation — SHG, landcare
NGOs
Farmers do have support in McLaren Vale. E.g. mains to recycled water —
financial, public goods — easement for pipeline, provision of recycled water
at low cost, services — monitoring, facilitation of management debate
e Better understanding of pumping zones of influence at a policy-usable scale.
Pumping tests tend to be too local and analysis at larger scales has difficulty
separating effects. The result is a tendency towards very simple, heuristic policy
rules, rather than being able to define more defensible triggers.
o In Australia, based on water allocation not number of bores (buffer rules in
McLaren Vale)
o Similar ideas but different approaches to understanding pumping zones of
influence
o InIndia, rules for distance between wells (70m) — differs between irrigation
bores and drinking bores
o McLaren Vale has buffer distance from ecosystems and existing wells.
Trigger to prevent buying water based on falls in annual water level and rise
in salinity. Ineffective in fixing concentration of pumping in one area

O O O O O

Planning and community involvement

e 1% priority: Sustainable groundwater resource management can only be
achieved if planning processes understand and address the basic dynamics of
the groundwater system. All pumping has an effect, there is no magic
‘sustainable’ yield. Impacts vary spatially and temporally, and are driven by
uncertain factors. Acceptable yield therefore also varies, and management
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needs to allow pumping to vary and needs to account for local and temporary
impacts.

2"d priority: Focusing on building stakeholder capacity to engage with planning
processes by understanding dynamic consequences of management, including
how each group’s activities interact - iterative dialogue about management
options, objectives and knowledge

o Discussion across extraction zones (learnings)

o Episodic planning processes and churn mean that local expertise of
agency staff tends to be lost, whereas locals may remember past
processes and have continuity of experience

o Evaluation of community based institutions for inputting into community
based institutions

Priority 3", Special effort is required to consider marginalised issues. Values of
highly modified ecosystems are unclear and contested. Minority groups can be
difficult to engage and have their voice heard, e.g. indigenous

o [Farmers without bores/access to GW availability

o Role of landless / farmers who cannot afford

o Tribal

o Ways to provide water to everybody for their critical irrigation
4" priority: Change in crops, irrigation practices and water storage innovation
happens easily when economic and policy goals are aligned. Willunga Basin is
a special case where lowering water use and sourcing recycled water made
economic sense.

o E.g. In Willunga. Premium grapes needs tighter control of water,

reclaimed water is already treated, so only distribution cost
5" priority: Direct involvement of water users in monitoring and determining
management rules opens new options for adaptive management of the
resource, but also increased responsibility that some may be unwilling to take
on (even if they are happy to consider themselves custodians of the land)

o Water budgeting exercise to various groups etc
Irrigators value someone else taking responsibility for shared resource and do
not like the issue of management being reopened

o Fear of loss of allocation
Need for certainty of regulatory context
Willunga basin critical issue
Providing for crops
Piped water supply
Systems provided by the government and management and rule setting
by community themselves
Decision makers and stakeholders are not well equipped to deal with the long-
term dynamics of a groundwater management system. There is high demand for
assessing economic and system-wide impacts. However, researchers have a
steep learning curve to understand the local system. Research needs to be
approached as a social learning process rather than a straight-forward
application of tools.

o Highly desirable which needs to be driven through a formal mechanism
Focussing on building stakeholder capacity to engage with planning processes
by understanding dynamic consequences of management, including how each
group’s activities interact - iterative dialogue about management options,
objectives and knowledge

o O O O O
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o Need to address the issues between contiguous watersheds considering
that importance of large numbers of farmers
e Policy is limited in its ability to respond to local and temporary variations because
it does not directly control pumping, and policy processes take time, resulting in
delayed responses.

o There is an expectation of the community that management will solve the
problem, but in reality WAP simply acts as an institution to help
community manage themselves and the institution is always imperfect

e 6" priority: Extraction limits cannot be separated from how the water is
distributed, and each part of the policy cycle needs to be given fair attention.
However, broadening the scope in this way provides the opportunity for a
positive-sum win-win rather than a zero-sum win-lose allocation situation. E.qg.
location of pumping has differential impacts and there is opportunity for more
explicit linking of monitoring to management.

Individual perspective

e Change in crops, irrigation practices and water storage innovation happens easily
when economic and policy goals are aligned. Willunga Basin is a special case where
lowering water use and sourcing recycled water made economic sense.

o Need to understand issues such as perceptions of uncertainty, farmer
typology etc.
o Though info on groundwater resource availability is in the place, the
same is not actively used for policy
o Restrictions are made in terms of policy when the areas are
overexploited
o Groundwater recharge in command areas (serviced with surface water)
are treated separately
o Restriction on new bores / no bores
o Surface water use only
o Market demands etc
e There is a need to evaluate how individuals experience management in their
everyday activities. How irrigators take policy into account in their decision
making influences compliance, adoption of incentives and effectiveness of the
overall result. How government officials put policy into practice affects the extent
to which irrigators are willing to comply and adopt new practices.
o E.g.delays in approving buying water adds uncertainty, preventing trade.
o E.g. policies that are not completely administered due to resources, lack
of data, impracticability, i.e. failure to understand administrator’s
requirements
o Changes in government agencies create confusion about what’s
required
o MAR requires EPA and WAP approval -> barrier to adoption

Science / Research about resource

e Better understanding of preferred pathways within an aquifer. These are particularly
crucial to managing water quality risks in managed aquifer recharge, but also
o Most interesting
o Understanding of aquifer recharge different zones or within watershed
o Understanding of aquifer recharge within the watershed scale
e The effect of pumping tends to be confounded by influence of climatic variation,

particularly given pumping demand tends to increase in dry years. This makes it
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difficult to determine whether a yield is sustainable in a mass balance sense in the
longer term.

o E.g. McLaren Vale fall in groundwater levels and salinity during drought

o Not novel but essential

Better understanding of seasonal flow directions across different zones. Pumping
patterns potentially change direction of aquifer flows during the year, with significant
implications for mobilisation of salts, contaminant flow and zone of influence of
pumping.

Key ecological indicators for management of groundwater-based ecosystems
Where is the MAR possible desirably in landscape. Potential benefits, risks of MAR
(e.g. social, economic, water quality, ecological tradeoffs)

Impact of community (shared) bores on control of management

What are the important components/processes of the system (rank them)

o Are processes needed or just behavioural characteristics? (burden on
showing processes are needed — i.e. answer cannot be obtained by
considering the overall behaviour only)

Better understanding of pumping zones of influence at a policy-usable scale.
Pumping tests tend to be too local and analysis at larger scales has difficulty
separating effects. The result is a tendency towards very simple, heuristic policy
rules, rather than being able to define more defensible triggers.

o Information availability at watershed scale becomes increasingly important

o Need for watershed development

o Also indicates the restrictions on WSD

Use of science / Need to rethink role of models and modellers

Stakeholders need training to use models. It is better to start simple and build
complexity than to present them with a fully integrated model that even the
contributing modelers do not fully understand
o Hard work
o Getting balance of amount of information to provide
o Creation of decision support tools -> capacity building/training with key
stakeholders

Decision makers and stakeholders are not well equipped to deal with the long-term
dynamics of a (poorly observed) groundwater management system. There is high
demand for assessing economic and system-wide impacts. However, researchers
have a steep learning curve to understand the local system. Research needs to be
approached as a social learning process rather than a straight-forward application
of tools.
Models will not be trusted, and model results may be selectively interpreted. It is
better to use a model instrumentally as a straw man to trigger discussion and debate
rather than as a predictive tool. Focusing on how to handle what could happen can
be more effective than trying to determine what will happen.

o Depends on whether results support their view or not

o Similar: Should use models to facilitate negotiation of discussion
Use of science — how can trust in science be improved?

o How can we improve the ability of decision makers and stakeholders to make

use of science?

Page 67



Final Report

Appendix 2: Book Contents

Integrated Assessment of Scale
Impacts of Watershed Intervention

Assessing Hydrogeological and Bio-physical Influences on
Livelihoods

Edited by

V. Ratna Reddy

Livelihoods and Natural Resource Management Institute, Hyderabad, India

Geoffrey J. Syme
Edith Cowan University, Perth, Australia

Elsevier

Radarweg 29, PO Box 211, 1000 AE Amsterdam, The Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK
225 Wyman Street, Waltham, MA 02451, USA

Copyright © 2015 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying, recording, or any information storage and retrieval system, without
permission in writing from the publisher. Details on how to seek permission, further information about the
Publisher’'s permissions policies and our arrangements with organizations such as the Copyright Clearance
Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other
than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden
our understanding, changes in research methods, professional practices, or medical treatment may become
necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using
any information, methods, compounds, or experiments described herein. In using such information or methods
they should be mindful of their own safety and the safety of others, including parties for whom they have a
professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability
for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or
from any use or operation of any methods, products, instructions, or ideas contained in the material herein.

Page 68



Final Report

ISBN: 978-0-12-800067-0

Library of Congress Cataloging-in-Publication Data

Integrated assessment of scale impacts of watershed intervention: assessing hydrogeological and bio-physical
influences on livelihoods / edited by V. Ratna Reddy, Geoffrey J. Syme.

pages cm Includes index.

ISBN 978-0-12-800067-0

1. Watershed management. 2. Watershed management—Economic aspects. 3. Soil conservation.
I. Reddy, V. Ratna, editor. Il. Syme, Geoffrey J., editor.

TC413.158 2015 333.73—-dc23 2014026080

British Library Cataloguing in Publication Data

A catalogue record for this book is available from the British Library

For information on all Elsevier publications visit our web site at http://store.elsevier.com/

Page 69



Final Report

Contents

List of Contributors
Foreword
Acknowledgments

Part |

Setting

1.

Introduction
V. Ratna Reddy and Geoffrey J. Syme

1.1 Background
1.2 Rainfed Agriculture and WSD in India
1.3 Watershed Policies in India
1.4 WSD and Importance of Scale
1.5 Need for an Integrated Approach
1.6 About this Book
References

Analytical Framework, Study Design, and Methodology
Geoffrey J. Syme, V. Ratna Reddy, Shakeel Ahmed, K.V. Rao, Paul
Pevalic, Wendy Merritt and T. Chiranjeevi

2.1 Introduction
2.2 Strategic Conceptual and
Methodological Issues
2.3 Assessing Scale Impacts of WSD: An Analytical Framework
2.4 Biophysical Modeling
2.4.1 Hydrological and Hydrogeological Methods
2.4.2 Surface Electrical Geophysical Surveys
2.4.3 Geophysical Electrical Resistivity Logging
2.4.4 Lithologically Constrained Rainfall Method
2.4.5 Change in Groundwater Storage (DS)
2.4.6 Depth of Water Level
2.4.7 Modeling the Impact of Watershed Development on Water Resources
2.4.8 Strengths and Weaknesses
2.4.9 WSD Design Methodology: Strengths and Weaknesses

2.5 Assessing Socioeconomic Impacts
2.5.1 SRLs Framework
2.5.2 The Livelihood Model
2.5.3 Evaluating the Determinants of Perceived Drought Resilience
2.6 Model of Integration: The BNs
2.6.1 Description of BNs
2.6.2 Strengths
2.6.3 Weaknesses
2.6.4 When are BNs Useful?
2.7 Equity and Justice Issues
2.8 Stakeholder Engagement
2.9 Approach and Sampling Design
2.10 Profile of Sample Sites
2.10.1 Maruvavanka HUN
2.10.2 Vajralavanka HUN
2.10.3 Peethuruvagu Hydrological Unit
References

xiii
XV
XVil

o ~NOo1Tw

12

20

24
24

25
26
26
27
27
28
28
28
29
29
30

31
33
38

39
39
40
40
41
41
42
49
49
51
52
54

Page 70



Final Report

Part 11
Hydro-geological and Bio-physical Aspects of the Watersheds

3.

Investigating Geophysical and Hydrogeological Variabilities and Their Impact on
Water Resources in the Context of Meso-Watersheds
P.D. Sreedevi, S. Sarah, Fakhre Alam, Shakeel Ahmed, S. Chandra and Paul
Pavelic
3.1 Introduction
3.2 Study Areas
3.2.1 Vajralavanka-Maruvavanka Watershed
3.2.2 Peethuruvagu Watershed
3.3 Materials and Methods
3.3.1 Geophysical Surveys
3.3.2 Lithologically Constrained Rainfall Method
3.3.3 Change in Groundwater Storage (DS)
3.4 Results and Findings
3.4.1 Top Layer Thickness and Resistivity
3.4.2 Delineation of Aquifer Geometry
3.4.3 Aquifer Characteristics
3.4.4 Depths to Water Levels
3.4.5 Estimation of Natural Recharge using LCR Method
3.4.6 Estimation of Changes in Groundwater Storage (DS)
3.5 Discussion
3.6 Zones Suitable for Different Types of Artificial Recharge Interventions
3.7 Conclusion
References

Application of a Simple Integrated Surface Water and Groundwater Model to Assess
Mesoscale Watershed Development
Paul Pavelic, Jian Xie, P.D. Sreedevi, Shakeel Ahmed and Daniel Bernet
4.1 Introduction
4.2 Model Development
4.2.1 Model Principles
4.2.2 Model Components
4.2.3 Model Coupling
4.2.4 Model Implementation and Data Requirements
4.3 Site Description and Model Parameterization
4.4 Results
4.4.1 Model Performance
4.4.2 Hydrological Processes
4.4.3 Scenario Modeling
4.5 Discussion
4.6 Conclusions
References

Modeling the Impact of Watershed Development on Water Resources in India
Barry Croke, Peter Cornish and Adlul Islam
5.1 Introduction
5.1.1 West Bengal
5.1.2 Andhra Pradesh
5.2 Effective and Sustainable WSD: Hydrological Considerations
5.3 Study Sites in West Bengal
5.4 Data Collection
5.4.1 Weather Monitoring and Recording
5.4.2 Shallow Groundwater Assessment via Wells and Piezometers
5.4.3 Monitoring Network for the Pogro Site
5.4.4 Weather Monitoring and Recording
5.4.5 Farmer Assessments for Each Year
5.4.6 Monitoring of Water Levels
5.4.7 Gauging Runoff
5.5 Modeling Hydrological Response

58
59
59
62
63
63
65
65
65
65
66
66
68
71
71
76
79
81
82

85
88
88
88
89
89
89
93
93
94
95
96
96
97

100
100
101
102
103
104
105
106
106
107
108
109
113
114

Page 71



Final Report

5.5.1 Water Balance Modeling
5.5.2 Models that Capture the Function of Water-harvesting Structures
5.5.3 Hydrological Model for the Pogro Study Site
5.5.4 Application
5.5.5 Guidelines for Designing WSD Intervention Plans Using Models,
Monitoring, and a Dose of Common Sense
5.6 Application to Andhra Pradesh
5.6.1 Applying the Model to Lakshmipuram Catchment
5.7 Modification of the Original Model
5.7.1 Evapotranspiration
5.7.2 Exfiltration
5.7.3 Percolation
5.7.4 Runoff
5.7.5 Storages
5.8 Calibration and Validation Model on the Lakshmipuram Catchment
5.8.1 Modeled Runoff
5.9 Applying the Model on an Ungauged Study Site in Andhra Pradesh
5.10 Discussion
5.10.1 Data Analysis
5.10.2 Modeling the Gauged Lakshmipuram Catchment
5.10.3 Modeling the Ungauged Maruvavanka Study Site
5.11 Conclusion
References

Sustainable Watershed Development Design Methodology
K.V. Rao, Pratyusha Kranti, Hamsa Sandeep, P.D. Sreedevi and Shakeel Ahmed
6.1 Introduction
6.2 Methodology and Approach
6.3 Characterization of Biophysical Resources of the Study Sites
6.3.1 Rainfall (Temporal and Spatial Analysis)
6.3.2 Rainfall Projections From 2020 to 2030
6.3.3 Land Use Information
6.3.4 Soil Resources
6.4 Description of HUNs
6.4.1 Delineation of HUN into Watersheds
6.5 Land and Water Management Interventions through Watershed Programs
6.5.1 HUNZ1: Prakasam District
6.5.2 HUNZ2: Anantapur and Kurnool Districts
6.6 Assessment of Watershed Interventions on Hydrology of Watersheds
6.6.1 Influence of Watershed Interventions on Resource Conservation at Plot
Scale and Watershed Scale
6.7 Conclusions

Part Il
Socio-economic and Livelihood Impacts of Watersheds

7.

Assessing Livelihood Impacts of Watersheds at Scale: An Integrated Approach
V. Ratnha Reddy, T. Chiranjeevi, Sanjit Kumar Rout and M. Sreenivasa Reddy
7.1 Introduction
7.2 Approach and Methods
7.3 Sample Selection and Profile of the Study Sites
7.4 Impact of WSDdThe SRL Approach
7.4.1 Natural Capital
7.4.2 Physical Capital
7.4.3 Financial Capital
7.4.4 Social Capital
7.4.5 Human Capital
7.5 Impact of WSD on Resilience
7.6 Factors Influencing Resilience
7.6.1 Natural Capital

114
115
116
119
126

127
128
132
133
135
135
136
136
137
139
143
144
144
145
145
146
147

149
150
152
152
161
161
167
174
174
176
179
179
179
179

190

193
195
197
200
202
207
218
226
227
232
237
238

Page 72



Final Report

10.

7.6.2 Physical Capital

7.6.3 Financial Capital

7.6.4 Social Capital

7.6.5 Human Capital

7.6.6 Results and Discussion (Ordered Probit Model)

7.6.7 Assessing Watershed Impacts at Scale: An Integrated Approach
7.7 Conclusions
References

Evaluating the Determinants of Perceived Drought Resilience: An Empirical Analysis
of Farmers’ Survival Capabilities in Drought-Prone Regions of South India

Ram Ranjan, Deepa Pradhan, V. Ratha Reddy and Geoffrey J. Syme

8.1 Introduction

8.2 Methodology and Findings

8.3 Testing for the Impact of Watershed Interventions on Drought Resilience

8.4 Conclusion

References

Modeling Livelihood Indicators and Household Resilience using Bayesian Networks
Wendy Merritt, Brendan Patch, V. Ratna Reddy, Sanjit Kumar Rout and Geoffrey J.
Syme
9.1 Introduction
9.2 BNS
9.2.1 Introduction
9.2.2 Integration of Societal and Environmental Aspects of Water Management
using BNs
9.3 Capital Strength and Resilience BNS
9.3.1 Model Structure and Development Process
9.3.2 Capital Strength Submodels
9.3.3 Capital Strength and Resilience to Droughts
9.4 Analyzing Social Capital using the BN Submodel
9.4.1 Analyzing Social Data using BNs
9.4.2 Scenario Analysis
9.4.3 Data Issues
9.4.4 Relating Social Capital BN Results to Statistical Analyses of Social
Capital Data
9.5 Synthesis
References

Justice and Equity in Watershed Development in Andhra Pradesh
Geoffrey J. Syme, V. Ratna Reddy and Ram Ranjan
10.1 Introduction
10.2 A Comparative Evaluation of the Concept of Justice in Water Resources
Management in Australia and India: The Role of Participatory and Property Rights
Approaches
10.2.1 Water Benefits
10.2.2 Justice Principles and Water Allocation and Management
10.3 Collective Action and Property Rights for Poverty Alleviation: A Conceptual
Framework Based on the Experience of WSD in Semi-Arid India
10.3.1 Concepts and Linkages
10.3.2 Collective Action and Property Rights in Watershed Management
10.3.3 The Context
10.3.4 The Action Arena
10.3.5 Policy Directions
10.4 Community Views on Collective Action and the Equity of the WSD Process
10.4.1 Collective Decision Making
10.4.2 Procedural and Distributive Justice and WSD
10.5 Conclusion
References

238
239
239
240
241
243
249
251

253
258
278
283
284

287
289
289
293

295
295
295
308
308
308
311
312
314

315
315

318
318

322
323
332

333
335
336
340
343
344
344
346
347
348

Page 73



Final Report

Part IV
Integrating Science into Policy and Practice

11

12.

13.

High StakesdEngagement with a Purpose

T. Chiranjeevi, Geoffrey J. Syme and V. Ratna Reddy

11.1 Introduction

11.2 Actual Process Adopted in the Project

11.3 Outcomes of the Process Adopted and Lessons Learned

11.4 Model for Effective Stakeholder EngagementdNeed for and Issues Involved in
Closer Engagement with Stakeholders

References

Appendix 1: Details of Stakeholder Communication Plan

Appendix 2: Stakeholder Engagement Details

Appendix 3: Details of Workshop Organized by the Project Team in Collaboration
with DRD

Workshop Title: Integrated Approach to Design an IWMP

Participants’ Feedback on the Workshop

Quantitative Feedback

Qualitative Feedback

Appendix 4: Project Team’s Perceptions about Stakeholder Engagement

Exploring Implications of Climate, Land Use, and Policy Intervention Scenarios on
Water Resources, Livelihoods, and Resilience
Wendy Merritt, K.V. Rao, Brendan Patch, V. Ratna Reddy, G. Syme and P.D.
Sreedevi
12.1 Introduction
12.2 Analysis Tools
12.2.1 Disciplinary Models and Analyses
12.2.2 Integrated Model
12.3 Biophysical Scenarios
12.3.1 Scenario Description
12.3.2 Results and Discussion
12.4 Social Scenario
12.4.1 Scenario Description
12.4.2 Results
12.5 Synthesis
References

Summary and Conclusion

V. Ratnha Reddy and Geoffrey J. Syme

13.1 Background

13.2 Hydrogeology and Biophysical Aspects
13.3 Socioeconomic Implications

13.4 The Approach to Integration

13.5 Putting Science to Practice

13.6 The Way Forward

Index

355
358
363
364

367
368
371
371

371
372
372
373
374

379
380
380
383
384
385
387
401
401
401
405
407

409
411
414
416
417
418

421

Page 74



	Contents
	1 Acknowledgements
	2 Executive summary
	3 Background
	4 Objectives
	5 Methodology
	6 Achievements against activities and outputs/milestones
	7 Key results and discussion
	8 Impacts
	9 Conclusions and recommendations
	10 References
	11 Appendixes

