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ABSTRACT

Worldwide, the concept of Environmental flows (e-flows) has inspired a global mass
movement. This phenomenon may essentially be a direct consequence of frequent reports that
persistently highlight the seemingly adverse impacts of flow regulatory and abstraction
oriented interventions in river basins. Though interest in e-flows is comparatively recent for
researchers and investigators from across various traditional domains of science, there has
indeed been a rapid progress in terms of the scope and ramifications of the concept of e-flows
both in terms of its various definitions and associated terminologies as well as the required

assessment methods.

This thesis has explored the concept of e-flows and its accommodation as part of the de jure
water resources management policy infrastructure in case of the Ganga River Basin, arguably
amongst the largest river system in terms of annual flow volume globally. The enormity of the
scale of the hydrological dynamics and its interface with socio-economic and cultural dynamics
across the entire domain of Ganga Basin is indeed peerless and bestows upon it the status of
being an iconic and, in some sense, a unifying cultural and religious symbol for Indians across
the world. This Ph. D. research seeks to respond to the widespread yearning in India for a sound
and comprehensive e-flow assessment of Ganga River Basin that scores high in terms of
science and objectivity besides achieving a synergy across the entire spectrum of the various
entities that compete for Ganga waters.

Present research follows an interdisciplinary and hierarchical approach involving comparison
of (a) Hydrologic, (b) Hydraulic and (c) Habitat Analysis methods in order to arrive at e-flows
assessment for the Ganga system. In acknowledgement of the scale of spatial and temporal
heterogeneity, the basin has been spatially divided into 24 sub-systems based on their
similarities and diversities. For total of 141 hydrological observation sites in these sub-systems,
three different periods of river flow control and regulations, ranging from earliest plausible and
corresponding to minimal scale of anthropogenic interventions to the currently prevailing
status, have been identified as i) unregulated flow scenario, ii) intermediate flow scenario and

iii) present flow scenario.

Hydrology driven e-flow assessment based on the unregulated flow scenario and intermediate
flow scenario using a) Tennant Approach, b) Tessman Approach, ¢) Variable Monthly Flow
Approach and d) Range of Variability Approach demonstrated that these approaches fail to

suggest reasonable e-flow scenarios, especially for all rainfed tributaries of Ganga, where
iv



seasonal variations in flows are predominant. Other reason for non-suitability of these
approaches is the flavour of intrinsic hydrology and ecology of the region for which these were

developed that is incongruous with the reality of the Ganga Basin.

For habitat analysis approach of e-flow assessment, knowledge about five indigenous species
(Golden Mahseer, Snow Trout, Gangetic Dolphin, Gharial and Hilsa) is assembled to organise
the preferences of their three life stages for various hydrodynamic transport characteristics of
the river. These ecological preferences are coupled with hydraulic prospects of various flow
ranges at various habitat sites in Ganga Basin to establish flow versus habitat relationships for
target species. Finally, spatio-temporal diversity that underscores Ganga basin’s hydrological
framework is linked with the ecological consequences of various flow regimes at 13 sites to

suggest the most desirable and achievable e-flow regimes for these sites.

An important outcome of the study is in the form of e-flow regimes, corresponding to classes
A, B, C and D respectively representing 80, 60, 40 and 20% retention of habitat available under
unregulated flow regimes (reference habitat) and also the comparison of the current (altered)
status of Ganga flows with the former on a monthly scale to present its current ecological
health. Due to the underlying nonlinear nature of the relationships between flow and various
habitat attributes such as flow depths, velocities and wetted areas, the research emphasizes that
a given percent reduction in habitat retention from its reference state, is not proportional to a
similar order of reduction in flows from the unregulated state and vice versa. The study shows
that Gharial habitats remain essentially intact with retention of 60% of reference habitat for
much of the year at all sites (with exceptions over a limited duration of a month at study sites
in Chambal and Sone River) whereas the habitats of Golden Mahseer and Snow trout show a
significant level of compromise. This is especially so at Uttarkashi site where habitats are
reduced by more than 60% of reference habitat. The Gangetic Dolphin habitat in Rapti and
Burhi Gandak seems to be well maintained whereas the study reveals that its habitat at some
of the other sites examined in this research does indeed fall below threshold of class C,
suggesting retention of less than 40% habitat under current levels of regulation and withdrawal.
Overall, the study also suggests that, at almost all sites and for all target species, the currently
prevailing flow regimes, when assessed on a monthly basis, are generally seen to possess
potential to support e-flow scenario class ‘C’ and, thus, leading to the inference that there does
exist an innate capacity in the system to provide sustenance for at least 40 % of the habitats

under currently prevailing hydro-anthropogenic conditions.



As a consolidated output of the research, e-flow suggestions have been derived based on
application of a diverse set of broad approaches suggested in available literature and these are
presented together with an accompanying judgement regarding their feasibility in terms of (i)
acceptability by the various stakeholders, (ii) their potential for successful adaptation as policy
imperatives, and (iii) ease of implementation. The study suggests that habitat analysis approach
of e-flow assessment, if adopted as a basis for e-flow assessment initiatives in India, has the
potential to yield robust solutions with better prospects of long term acceptance and
sustainability.

Key words: E-flow Assessment, Ganga River Basin, Hydrologic Method, Hydraulic Rating
Method, Habitat Analysis Method, Golden Mahseer, Snow Trout, Gangetic Dolphin, Gharial,
Hilsa
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