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1.1 Introduction

As population grows, as food production increases, economic activities

pick up and as societies become more affluent, demand for water burgeons.

In very many places, demand has far outstripped supply–particularly so in

seasons when supply is severely limited or in years of drought, or at times

when demand is particularly high for large water-consuming sectors such

as irrigation. Climate extremes compound the problem. As decisions on

water allocation are going to be difficult under such situations (Molle and

Vall�ee, 2009), water managers have to look for new management options,

in a way that doesn’t require compromises on social and economic

development, ecological sustainability, and hydrological integrity of water

systems.

Water management options for a locality or a region depend on three

important factors, viz., hydrology, socioeconomic systems, and ecosystem

(Mitchell, 1990; Voropaev and Zaitseva, 1996). Hydrological and

topographical characteristics of the region determine the amount of

water that is naturally available from the catchments or drainage basins

that can be harnessed for meeting various water needs. Socioeconomic

characteristics determine the demand for water for various human

needs—domestic and productive. The ecological characteristics determine

the amount of water required for maintaining the health of the ecosystem

in the form of soil moisture storage, river flows and flow regimes, chemical

and biological quality of river water, water storage and quality of water in

wetlands, depth to groundwater table, groundwater flows, and wetland-

groundwater interactions.

If the first two key parameters, i.e., availability of water resources within

a hydrological unit and the demand for water various sectors of use within
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that unit are known, the next important question, which confronts a water

manager, is to know how much of the available water resources are already

tapped through various interventions; how much of it is depleted, through

various processes, and how much of the developed water resources in the

basin remain un-utilized (or available for use); what are the unmet water

demands, and how much of the water in the basin is untapped and joining

the natural sink.

The interventions to tap the water to increase its utilization will comprise

in situ water harvesting through field bunds and farm bunds, watershed

treatment activities, small water harvesting systems, tanks, and large reser-

voirs and diversion systems. On the other hand, the processes, which cause

depletion of water, are beneficial consumptive use (evapotranspiration,

consumptive use by humans and animals), nonbeneficial consumptive use

(evaporation from water bodies, barren soil, cropped land not covered by

canopy, etc.), and nonbeneficial nonconsumptive use (return flows into

saline formations, nonrecoverable deep percolation of water) and beneficial

nonconsumptive use (recharge to groundwater and return flows from

irrigated fields to streams) (Molden et al., 2003; Perry, 2007).

Addressing these questions is crucial from the point of view of identifying

the nature of future water management interventions (i.e., whether supply

augmentation or end use conservation or both) possible in the basin, and

analyzing the extent to which these interventions could help achieve a balance

between water availability and water demand. Failure to do so would lead to

suboptimal water management for the basin. If large amount of water in the

basin is already developed through reservoirs, but capacity of the infrastructure

created to transfer the water to the points of demand is insufficient, some parts

of the basin might experience water shortages. A solution to this problem lies

in expanding the water conveyance systems, rather than building new water

storage facilities such as reservoirs.

1.2 Land use-hydrology interactions for catchment
assessment and planning

As regards the first decision variable, i.e., hydrology of the catchment and

basins, the land use and land cover have a significant bearing. Since both

keep changing with time, in order to determine the amount of water that

is naturally available from them, information on the following is crucial:

(1) how the type of catchment land use influences the impact of increased

vegetation cover on stream flows (including water quality), in different agro
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ecologies (Idol, 2003); (2) how the nature of vegetation (whether shallow

rooted grasses and shrubs or deep rooted trees) determines the impact of

increased vegetation cover on the consumptive use of water from the soil

profile and groundwater system of the catchment, and how these impacts

can change across agroecologies (Oliveira et al., 2005; Idol, 2003); (3) the

hydraulic interdependence between groundwater and surface water in a

catchment and therefore the impact of change in groundwater withdrawal

on stream flows downstream (Winter et al., 1998). Often, the sources of sed-

imentation can often be quite localized such as newly constructed roads,

stream-bank cultivation, and movement of livestock around, to or from a

water point.

Hence, there is a need for developing clear understanding of the catch-

ment characteristics, current land use in the catchment, and the hydrological

regime before interventions are planned for changing their hydrological

regime. Of particular interest are the current stream flow regimes; the extent

of base flow contribution to the stream flows; geological and geohydrolo-

gical environment of the catchment, particularly the depth to water table

and the thickness of the vadoze zone; area under natural forests, their con-

dition, type of forests; area under cultivation, type of crops, their seasonality,

and their geographical spread within the catchment; groundwater use in the

catchment, its seasonality and location of wells; and amount of committed

flows from the catchment for downstream uses.

A large number of catchment experiments conducted all over the world

clearly demonstrated that deforestation of catchment implies an increase of

water yield from it and, conversely, the establishment of a forest cover implies

a decrease of water yield (Sahin and Hall, 1996). The application of this

knowledge to designing sustainable water management practices, although

necessary in water-stressed regions, has been largely delayed because of

difficulties inherent to the change of any scientific paradigm, the limited

experience on the hydrological consequences of land cover changes in large

territories, and the disconnection between policy and science (Falkenmark,

2004; Calder, 2002).

1.3 Scale effects in water management

Scale effects in hydrology are well documented (Merz et al., 2009; Wood

et al., 1988). The nature of hydrological interactions (surface water-

groundwater interactions, infiltration-groundwater recharge) and hydro-

logical relationships (rainfall-runoff relationships, rainfall-base flow, etc.)
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within a catchment depends on the spatial unit of analysis. The rainfall-

runoff relationship for a small (mini micro) catchment of say, 10 ha area,

can be remarkably different from that of a hilly/mountainous catchment

of say, 10 km2 area, to which it becomes a part. The runoff coefficient

for the latter will be much higher than that of the former, as in the latter

case, it will also include base flows along with surface runoff unlike the

former.

Similarly, the rainfall-runoff relationship for a small hilly/mountainous

watershed, say of area, 10 km2 can be different from a large watershed or

river basin to which it becomes a part, even if there is no spatial difference

in the rainfall. This can be because of many factors. First, the land use con-

ditions could change drastically as one moves from the hilly/mountainous

upper catchments to the plains. With the intensity of crop cultivation

increasing toward the lower plains, a greater proportion of the runoff gen-

erated would be captured in situ, reducing the runoff coefficient. Another

factor, which plays a crucial role in changing hydrological interactions

spatially, is the topography. As lower catchments of basins will be relatively

flat, the chances of natural outflow of groundwater to surface streams would

reduce, with the result that the runoff coefficient will be less. The third

factor is the climate. Generally, upper catchments of river basins are cold

and humid, as compared to the lower catchments, which are hot and arid.

This difference in temperature and relative humidity can significantly influ-

ence the rate of moisture depletion from the top soil through barren soil

evaporation and ET losses from grasses and trees, and therefore infiltration

and runoff generation.

As regards return flows, the effect of runoff from irrigated field and

wastewater outflows from industrial areas and urban centers on the surface

flows appears only in the lower parts of the basin and not in the watersheds

and catchments from which the water is diverted for irrigation and other

uses, essentially because of the terrain and drainage characteristics. But,

return flows from irrigated fields to shallow groundwater from irrigated

fields might appear in the lower part of the same agricultural watershed,

though unlikely in the well of the farmer who irrigates.

As regards water demands, as one moves from upper catchment to lower

catchments, not only does the water demand for competitive uses increase in

aggregate terms, the nature of demand also varies. Generally, the upper

catchments of river basins have low proportion of its land under crop cul-

tivation due to the presence of forests, grass land, etc. This is compounded by

cold and humid climate, which reduces the water demand for agriculture
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significantly. Generally, upper catchments of river basins are less populated,

and less urbanized as compared to lower basin areas. This means, the con-

centrated water demands for domestic and municipal uses are generally low.

Further, barring the exception of mining, very few industries are located

in upper catchments of basins that are generally hilly and mountainous,

not ideal for manufacturing, which require heavy and quick transportation.

The situation changes dramatically as one moves to the lower basin areas,

which are hot and arid and closer to the coastal plains. These areas are more

heavily populated, with less area under forest cover and other natural veg-

etation, characterized by commercial farming, and display high degree of

urbanization and industrialization. All these factors put together not only

mean new areas of water demand (such as industrial, urban, and even

thermal power and navigation), but also increased water demand in individ-

ual use sectors such as farming. Also, there can be significant differences in

the pattern of water demand. The farms that are located close to urban areas

would require water round the year to produce fruits, vegetables, and

flowers, as compared to those which are in the remote villages located in

the upper watersheds.

Water requirements for maintaining ecosystem health, over and above

the water which is directly consumed by the ecosystem in the form of evap-

oration, will be higher in lower basin areas, as compared to upper basin areas

that are generally characterized by thick natural vegetation and pristine

stream flows. The relatively higher temperature and aridity and the presence

of large build-up areas, and the significant alterations in flow regime of the

rivers during their course, owing to the upstream diversions, increase the

ecological water demand, comprising water for growing trees in urban areas,

watering lawns and gardens and parks, maintaining the environmental flows

in rivers and assimilating pollution. Added to this is the pollution of river

water, which takes place during its course from the upper catchment to

the lower plains, due to disposal of trade effluents, urban wastewater, and

return flows from irrigation.

1.4 Traditional approach to water management decision
making in river valley projects

The foregoing analysis suggests that our ability to arrive at effective water

management decisions for any region would depend heavily on: (1) quan-

titatively analyzing the land use-hydrological interactions and surface water-

groundwater interactions within a catchment or river basin, which is critical
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for assessing the amount of water supplies available for meeting various

needs, and its quality; and (2) choosing the right spatial scale for analysis

of water availability and water demands, so as to capture the different types

of interactions that are at play, affecting the effective water availability and

water demands in different sectors and their spatial patterns. While the first is

crucial for planning water resources management interventions, the second

becomes important for all three activities, viz., water resources management,

water resources development, and water allocation.

Historically, large water resource development projects, especially river

valley projects in most developing countries, particularly in South Asia and

Africa, were based on assessment of catchment water flows (yields), and nor-

mative demand for water in some other part of the basin, which experienced

scarcity of water for meeting various needs, especially irrigation and domes-

tic water supplies. This approach of considering a selected catchment as a

source of water supply to meet the demand in another site lacked integrated

basin-wide assessment of effective water availability and demands at any

given point of time (Molle et al., 2010). The major technical challenge

was in estimating the dependable (runoff ) yield of the designated catchment,

and sediment load, in lieu of the fact that for many rivers, stream-gauging

data were not available for long time periods. This was by and large a piece-

meal approach. The earlier criticism of the approach was on the inability of

hydrologists to make realistic estimates of soil erosion from catchments, as in

many situations the observed siltation rate was much higher than the values

considered for reservoir design. Application of this catchment-based

approach often led to creating conditions of water abundance in certain parts

of the basin, and water scarcity, especially environmental water stress in cer-

tain other parts.

The catchment-based approach of basin development to meet water

demands is segmented and often led to overappropriation of runoff in river

basins. It also left no scope for exploring the range of alternatives in water

management, particularly conjunctive management and water demand

management. For instance, it is possible that within a basin, a large amount

of water from a catchment is available as return flows to the shallow aquifers

underlying the irrigation command area. Because of this, there could be

build-up of water table over a period of time. Hence, it is important that

well irrigation be encouraged in the region to prevent water logging, which

would enable holding back a lot of water from the reservoirs and allocating

it for meeting water requirements in other parts of the basin. Such an

approach can, to a great extent, escape the need for investing in new water

development projects. But, for embarking on it, we need to know what the
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annual groundwater storage change in the basin is. Similarly, if we know

how much of the developed water is lost in nonbeneficial consumptive uses

in the basin in sectors such as irrigation (in the form of evaporation from the

harvested fields), measures can be adopted to prevent them. But to gain

insights into the changing dynamics of water availability and use across

the basin, we need to do basin-wide resource evaluation and planning.

1.5 From large river valley projects to development
and management of micro watersheds

In India and in many other developing countries of South Asia and Africa,

watershed management is not merely a soil and water conservation work

meant for protecting the catchments of large reservoirs, but a major devel-

opmental activity for the rural areas, aimed at improving rural livelihoods

through agricultural productivity enhancement. India, which is a pioneer

in the field, has a long history of watershed development and management

programs, with schemes from three Ministries, viz., Ministry of Agriculture,

Ministry of Rural Development, and Ministry of Environment and Forests

of the Govt. of India operational since mid-1990s.

By as far back as 2005, India had invested around 3.1 billion dollars for

watershed development programs, covering a total area of around 45.0 m.

ha of rain-fed areas in the country (Parthasarathy Committee Report,

2006). But, these interventions had very limited success in terms of produc-

tivity impacts on agriculture. The problems identified vis-à-vis impacts

include limited and temporary productivity gains; poor revegetation of

common land; and fast dissipation of groundwater recharge benefits (Joshi

et al., 2005; Kerr et al., 2004). There have been problems with watershed

planning approach due to flawed criteria used for selection of catchments

for watershed treatment (Kumar et al., 2017); and limited scientific inputs

in planning catchment management interventions (James et al., 2015).

This is compounded by poor implementation of work (Reddy, 2006).

These are policy issues, which need urgent attention for investments in

watershed development programs to yield sufficient returns.

1.6 Current approach to integrated watershed
management

The current approach of integrated watershed management has a clear

emphasis on improving the conditions of large majority of the people living

in rain-fed areas who are dependent on land and water for their livelihoods.
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The thrust is on implementing activities, which can be done by the local

communities with minimum outside support on technical matters

(Farrington et al., 1999; Kerr, 2002; Hope, 2007). The thrust is also on tak-

ing up physical activities, which will have immediate as well as medium

and long-term impacts. In that respect, local employment generation is also

given sufficient emphasis. These are the strengths of the program.

Improvement in water use efficiency and equity in catchment-wide

distribution of water are two key long-term objectives of watershed man-

agement programs. In that respect, lack of sufficient information for catch-

ment assessment and watershed planning is a major issue with the current

approach. While the management is based on microwatersheds as the unit

for planning and operation of watershed interventions, the hydrological data

of the catchment are not available at that scale, particularly the annual stream

flows, groundwater recharge and flow gradients, base flows and withdrawal,

and the uncommitted flow from the catchment (James et al., 2015). Many

small basins in India are ungauged, and in many large basins, gauging is done

for large tributaries. In none of the small river basins, and smaller tributaries

of large basins, flow measurements are done by the agencies concerned

(Kumar et al., 2006).

Further, information is not readily available to the PIAs on the charac-

teristics of the catchment. Generally, a decision to implement watershed

management programs in a village is taken on the basis of limited data avail-

able from Survey of India toposheets. The information on cropping pattern

and crop types, available at the village level, is never available on spatial ref-

erence and hence cannot be transposed on watershed boundaries. In the

absence of such data, watershed planning as attempted by some NGOs

purely on PRA approaches has not yielded required results. While good

hydrologists with orientation for information technology might be able to

generate data on land use/land cover and runoff for microcatchments, the

issue is such trained professionals are very few in India. Even when they

are available, the financial capability of PIAs to hire such skilled professionals

is open to question (James et al., 2015).

The current approach to planning WSM interventions is based on a

strong notion that if comprehensive treatment is done, it would improve

the water availability and or soil moisture regime within the microwatershed

along with reducing soil erosion, and that it can even increase the effective

water availability for the downstream communities during the lean season.

The underlying assumption is that a large amount of runoff during the mon-

soon goes uncaptured and eventually gets wasted as it joins the natural sink of
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sea, ocean, or swamps. Since the geographical unit of planning is too small,

the PIAs are not concerned with what happens to the runoff, which used to

flow out of the microcatchment, and the social, economic, and environ-

mental values it generated (Calder et al., 2008; Kumar et al., 2006, 2008).

The approach tends to ignore the fact that there could be different values

and interests, which communities within a large catchment attach to water

but are all legitimate and need to be recognized (Jakeman and Letcher, 2003;

Mitchell and Hollick, 1993).

The net result is that often there is overdoing of interventions within a

watershed in terms of creating tree cover, building vegetative barriers to

reduce the speed of runoff water, reduce soil erosion, and improve soil mois-

ture conservation. Small water bodies are built to harvest monsoon runoff,

without due consideration to storage efficiency. New crops are planned to

utilize the augmented groundwater in the catchment, without due consid-

eration to the water use efficiency ($/m3) of the newly introduced crops. In

“closed” catchments, this reduces the overall economic viability of the inter-

ventions, and efficiency of water use at the catchment scale as downstream

uses is adversely affected (Kumar and van Dam, 2013). While such practices

are subject to criticism (Batchelor et al., 2002; Kumar et al., 2008), the cur-

rent approach does not encourage proper assessment of changes in water use

efficiency at the catchment scale.

Under the current approach, certain treatment activities within the

catchment are promoted on the premise that they do not take much water

from the hydrological system, and therefore, economic losses due to their

adverse impacts are not taken cognizance of in the planning decisions

(Batchelor et al., 2003). Such decisions tend to lose sight of the fact that

within the same catchment, often there are downstream water systems like

tanks and ponds, which depend on this runoff for uses such as domestic

needs, supplementary irrigation of crops, and fisheries.

When the basins become closed, hydraulic interconnectedness of surface

water and groundwater becomes marked (Molle et al., 2010). But, lack of

recognition of the hydraulic interconnectedness of aquifers and streams in

the catchment is another issue in watershed development programs.

Groundwater recharge is promoted within the catchment under watershed

management as a “positive value” with the assumption that it would increase

the base flows, thereby making streams flowing in the lower catchment

perennial through base flows during lean season. But, hardly any attention

is paid to the fact that this activity is followed by indiscriminate drilling of

wells by farmers in the area, which ultimately leads to increased draft,
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threatening even the existing natural discharge of groundwater into streams

and wetlands. But, there is virtually no control on groundwater abstraction

planned under watershed management (James et al., 2015).

Lack of integration between micro and macro and local and regional

watersheds is another major issue. The current approach to watershed man-

agement is also highly decentralized (Calder et al., 2008; Syme et al., 2012).

Hence, the decision of an individual PIA about the degree and extent

of treatment in a particular watershed is driven by “what is optimal for

that watershed,” with the result that often the aggregate of the activities

planned for all watersheds together is suboptimal for the large encompassing

catchment.

Finally, the current approach is devoid of any measures for regulating the

use of land and water resources within the catchment, particularly agricul-

tural intensification and groundwater abstraction. Participation of the catch-

ment communities is sought only for planning and implementing various

physical interventions. The community organizations formed in the water-

sheds have no role, whatsoever, either in regulating land and water use or in

allocating water among various uses.

1.7 Water accounting for exploring water management
options

In developing countries, decisions to execute large-scale water resource

development projects and projects to improve water use efficiency in agri-

culture are not based on realistic assessment of the opportunities that really

exist at the basin-scale to augment the supplies and reduce water demands.

In the case of water resource development, the individual catchment is the

unit of analysis, rather than the basin. In many situations, the new develop-

ments such as construction of water harvesting structures and local ground-

water mining, are undertaken in “closed basins,” inducing hydrological

externalities for the existing ones located downstream (source: based on

Kumar et al., 2008; Molle et al., 2010). To prevent such negative outcomes,

in the case of water supply augmentation projects, the basin manager should

be concerned with the amount of uncommitted flows in the basin and what

fraction of it can be harnessed.

As regards projects to improve water use efficiency in agriculture (such as

introduction of micro irrigation technologies), they are normally based on

the concept of field level water saving, which considers the possible
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reduction in the amount of water applied against the crop water require-

ment, through the use of those technologies, which help minimize the deep

percolation of water applied in the fields (Perry, 2007). But in many situa-

tions, the deep percolation “losses” resulting from inefficient irrigation prac-

tice is available for reuse by well irrigators in the same catchment, and

microirrigation technologies only reduce this beneficial, nonconsumptive

use. Hence, using such concepts can lead to overestimation of water-saving

benefits (Allen et al., 1998; Perry, 2007). Hence, to determine the “real

water saving,” the basin manager should be concerned with reduction in

the amount of “water depleted” (Kumar and van Dam, 2013).

Water accounting studies, based on an analysis of data related to various

components of the hydrological system (e.g., rainfall, stream flows, ground-

water recharge, evaporation from water bodies and swamps, storage changes

in reservoirs and land use and water use) at appropriate hydrological units

(e.g., basin, catchment or watershed-level) can give a range of useful infor-

mation about potential water-related extreme events, howmuch of water in

the basin is used in different sectors (drinking and domestic uses, municipal

use, industrial use, livestock use, power generation, crop consumptive uses,

and various in-stream uses), how much of the basin’s water goes uncaptured

into natural sinks (e.g., saline formations, seas) and howmuch is lost through

nonbeneficial uses (Molden et al., 2003).It could also help the water admin-

istration active in the basin to plan actions to mitigate the adverse impacts of

hydrological stresses on the socioeconomic system, such as drinking water

shortages for human and livestock populations in affected areas, crop losses,

and reduced income and livelihoods of affected populations, and damage to

water infrastructure.

From the point of view of water governance and management, water

accounting studies is useful in the sense that it can provide insights into:

(1) optimum level of investments in water augmenting measures (e.g.,

watershed development programs, water harvesting systems, large reservoirs

and diversion systems); (2) possible measures to (a) increase effective water

availability (e.g., reducing evaporation from surface reservoirs and prevent-

ing soil moisture depletion from rain-fed crop land), (b) reduce water

demand (e.g., reducing nonbeneficial (both consumptive and nonconsump-

tive) use of water in irrigated fields) and (c) convert other nonbeneficial uses

of water in the basin (e.g., evaporation from barren land) into productive

uses; and, (3) better intersectoral water allocation, including from lower-

value to higher-value uses.
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1.8 Inadequate use of scientific knowledge in catchment
management decisions

Most of the microwatershed management programs in India are grounded

on inadequate knowledge of the relationship between changes in land

use/land cover and catchment yield and soil erosion. They mainly concern

differential impacts of various specific interventions on soil conservation and

sediment control; differential impacts of grass buffer strips and retention

ponds on sediment control; impacts of replacing crop land by tree cover,

clearance of native trees from forested catchments, and replacing forest cover

by crops on seasonal and annual yield of catchments; differential impact of

grass and tree cover on erosion control and runoff reduction; and impact of

use of efficient irrigation technologies on overall water use efficiency in the

agricultural catchments and effective water availability for other uses in the

catchment. Often, there are wide misconceptions, concerning their func-

tions in different agro ecologies (James et al., 2015).

The knowledge on the dynamics of interaction between a particular land

use and land cover and water use in the upper parts of the catchment, and the

hydrology and ecosystems of a given catchment can provide pointers on the

way in which the former needs to be modified to produce social, economic

and environmental outcomes that are widely acceptable among the catch-

ment communities. But, which land use or land cover-based intervention

needs to be taken up and to what extent they need to be changed (scale anal-

ysis) to achieve the optimum outcomes in terms of water yield, sediment

load reduction, meeting water quality standards and reduction in soil loss,

etc. can only be assessed using complex mathematical models, which

simulate the hydrological and biophysical processes. Such models basically

integrate those used for prediction of soil erosion from the catchment; crop

growth; rainfall-runoff; sediment transport; and groundwater flow. At the

same time, the models used for predicting hydrological changes in catchments

due to land use changes should be such that they can simulate the effects of

irrigation efficiency improvement measures on degree of return flows from

irrigated fields to groundwater and streams, and changes in groundwater with-

drawals on magnitude of base flows from aquifers to streams.

In nutshell, scientific understanding of the relationship between catch-

ment land use and land cover changes and hydrological and ecological

processes is essential for identifying watershed management interventions

that can achieve desired water management outcomes in social, economic,

and environmental terms—improved livelihoods, drinking water security,
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enhanced agricultural production, and protection of hydrological integrity

of watersheds. The key research questions are: (i) what is the level of treat-

ment on land—tree cover, vegetative barriers, crop rotations, soil and mois-

ture conservation measures—, water harvesting and irrigation efficiency

improvement measures that can ensure optimum runoff yield and sediment

load reduction, while ensuring water for various competitive and in-stream

uses within the catchment; and, (ii) what is the economic viability of these

interventions?

1.9 Scope of the book

The book discusses the theoretical and operational aspects of integrated

catchment management and integrated water management in river basins,

through reviews of international best practices and case studies. While there

are a set of concepts and principles in IWRM that are widely known, there is

lack of clarity on what practices (both physical and institutional) work for

achieving its goals in different situations.

The book synthesizes key scientific facts that are crucial for catchment

assessment and planning, and river basin water accounting, from extensive

reviews of international literature on catchment hydrology, forest hydrol-

ogy, and other hydrological processes such as groundwater-surface water

interactions. It discusses not only the science of catchment assessment and

planning, but also the catchment planning process. It documents several of

the positive international experiences with integrated catchment management

and integrated basin management and distils the key learning from them,

which are important from the point of view of shaping water management

paradigms for the developing world. It presents detailed case studies from

India and other parts of South Asia with integrated watershed/catchment

management and illustrate how lack of scientific planning lead to a myriad

of unintended consequences. It then presents pilot studies on integrated catch-

ment management planning, and basin water accounting to show what kind

of interventions would be required in the basins of those specific regions for

enhancing that the social, economic, and environmental outcomes of ICM

and integrated water resources management.

1.10 Contents of the book

Following this introduction, the second chapter of the book by Kumar,

Batchelor and James presents a strategic review of international perspectives
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and global experience with catchment management and basin management.

It deals with various conceptual and theoretical aspects of catchment man-

agement, defining the principles and practice underlying it, as available from

scientific research in the different parts of the world. It then discusses the

technical aspects of catchment assessment and planning, including the use

of hydrological simulation models. It then goes on to discuss the experience

of some of the developed countries in operationalizing catchment manage-

ment and river basin management concepts, on the institutional front.

The third chapter of the book by VR Reddy discusses the experience of

Afghanistan in watershed management. It provides a basic policy and imple-

mentation framework for watershed management in that country based on a

critical review of experiences in South Asian countries. The chapter reviews

the evolution of watershed management in south Asian countries; examines

the implementation and institutional modalities adopted in these countries;

assesses the impacts (environmental and socioeconomic) of watershed inter-

ventions in varying agroclimatic conditions of these countries; identifies the

implementation bottlenecks for sustainable watershed management; and

draws lessons for Afghanistan.

The fourth chapter by Talati and Kumar illustrates the scale effects in

watershed development using a case study from one of the sub-basins of

Narmada river basin in central India, which experienced intensive and

decentralized watershed development and water harvesting activities during

the late 1990s to the early 2000s. The case study used analysis of field data on

the geohydrological parameters at the level of microwatersheds, and the

impact was analyzed by comparing sample (with watershed treatment)

and control watersheds (with no watershed treatment). For the sub-basin

level impacts of intensive watershed development activities in the upper

catchment, secondary (hydrological) data were analyzed on a time scale in

relation to rainfall. The impact analysis involved estimation of recharge coef-

ficients for the treated and untreated watersheds, and analysis of rainfall-

runoff relationship for the tributary draining the sub-basin, which experi-

enced intensive watershed development.

The fifth chapter by James et al. discusses the findings of a catchment

assessment and planning study carried out in South Gujarat, western India,

using a simulation model based on SWAT (Soil and Water Assessment

Tool). The model was calibrated using historical data of stream flow dis-

charge from the catchment and validated to test its robustness. The validated

model simulated the impact of various physical processes such as changes in

rainfall magnitude and pattern, and land use/land cover on the catchment
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runoff; and changes in rainfall and groundwater withdrawal on surface

water-groundwater interactions, including the occurrence of lean season

flows in a catchment. The chapter presents the findings of the study vis-à-vis

how scope for and catchment wide impacts of various water management

interventions would change from a wet year to a dry year.

The sixth chapter by Kumar & others discusses an innovative method-

ology developed by the authors for basin water accounting for a river basin

with different competing uses of water, but with limited measurement

of inflows and outflows. It also presents the results of a water accounting

exercise carried out for a small, water-surplus river basin. The analytical tool

for water accounting, which considered the factors such as inflows (renew-

able water resources), outflows (consumptive use in various sectors of use),

and annual change in storage, was applied to Warna sub-basin of Krishna

river basin in peninsular India. The water accounting study used data on res-

ervoir mass balance, annual groundwater recharge and storage change, con-

sumptive water use in agriculture and other sectors (such as domestic,

livestock, and industry), and stream discharge at the last drainage point of

the sub-basin to estimate the water accounts. The methodology helped

quantify the total amount of renewable water resources generated in the

basin, and the amount of water actually depleted for beneficial and

nonbeneficial uses.

The methodology for water accounting will have to change as basin

characteristics, defined by rainfall, climate, morphology, and geohydrology

change. The seventh chapter presents the findings of a basin-level water

accounting study done for one of the most arid and water-scarce river

basins of India, i.e., Luni river basin in western Rajasthan, which suffers

severely from lack of reliable data onstream flows. There is only one stream

gauging station in the entire drainage area of 69,000 km2, which is located

near the last drainage point of the basin. Overappropriation of surface

water, groundwater mining, and heavy transmission losses in the surface

runoff are unique features of this basin. The aim of basin water accounting

was to evolve integrated water resource Management Plan for the

basin. Estimating the consumptive use of water in agriculture was one of

the biggest challenges in the hyperarid river basin. The seventh chapter also

discusses the viable technical options for improving water balance of

the basin.

River basins are the most appropriate unit for planning most IWRM

interventions, as the physical systems affecting water availability and socio-

economic system affecting the demand for water can be integrated at that

15Introduction



scale (Jønch Clausen, 2004). However, the present situation in most coun-

tries is that these interventions have to be executed by agencies, which are

not organized around river basins or their smaller hydrological units such as

sub-basins and catchments. They operate at the state and district level or

sometime even at the level of smaller administrative units. Therefore, inter-

ventions that are found to be effective at the basin scale for achieving IWRM

goals in the Luni has to be downscaled, to arrive at the “scale” at which each

intervention has to be carried out in the district. The eighth chapter discusses

the analytical method and result of the process of downscaling IWRM plan

for Pali, one of the districts of Luni River Basin.

The ninth chapter by Nitin Bassi and M Dinesh Kumar also uses a water

accounting approach to assess the water security challenges of Kanpur Met-

ropolitan Area (KMA), a city located in Ganga River Basin, which is under

tremendous stress due to overappropriation and large-scale pollution. The

chapter particularly focuses on the following: development of methodology

for doing water accounting for cities; preparing water accounts for KMA;

and identifying the present and future water-related risks resulting from

the inadequacy of the quantity and quality of water supply for domestic

and industrial consumers, and ineffectiveness of the regulatory framework

related to water quantity and quality management in the KMA.

The scale effects in watershed management, particularly the downstream

effects of upstream interventions due to land-water interactions, are well

documented (Darghouth et al., 2008). Chapter 10 by Reddy and Syme dis-

cusses about addressing the scale issues in watershed development. One of

the aims of using the IWRM approach is to internalize such effects.

That said, many of the concepts and principles underlying integrated

water resources management are largely recognized and appreciated by basin

managers. The challenge is in operationalizing the concept of IWRM

through appropriate coordinating institutions at the river basin level. As dis-

cussed by Biswas (2008, p. 12), “… operationally it has not been possible to

identify a water management process at a macro- or meso-scale which can be

planned and implemented in such a way that it becomes inherently inte-

grated, however this may be defined, right from its initial planning stage

and then to implementation and operational phases.” There is also a lot

of confusion about what an IWRM plan should contain in terms of inter-

ventions in different situations. As noted by Jønch Clausen (2004), there

is no one-size-fits-all solution in IWRM. The solutions would change

with the typology of areas, defined by the hydrological and socioeconomic

reality, and the political and institutional setting.
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In the eleventh chapter, the authors make an earnest beginning in this

direction. The chapter suggests the following:

(i) A framework for identifying the most vital interventions, which need

to be carried out in a river basin for achieving IWRM goals, for

different typologies;

(ii) The tools for planning the interventions at the basin scale;

(iii) The key technical and institutional interventions necessary for execut-

ing the physical interventions; and,

(iv) The institutional mechanisms and processes that have to be put in place

to monitor the effectiveness of IWRM interventions.

The chapter would also illustrate how the potential outcomes of some

widely known water management interventions on supply and demand side

could change at the basin level, as the basin characteristics change.

The concluding chapter summarizes the key findings and inferences

from the previous chapters and discusses the areas for future research. It will

also discuss some of the policy interventions that are required at the national

and provincial level for promoting integrated catchment management and

integrated basin management.
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