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The world faces severe water scarcity challenges

Water scarcity driven by water quantity and water quality issues for 2000-2010

Water scarcity levels including water quality
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- Water scarcity index: the ratio of sectoral water withdrawals to water
- >1 availability, considering dilution requirements to maintain quality thresholds.

van Vliet et. al., Environ. Res. Lett., 2021




Water infrastructure is crucial to maintain water security

Water infrastructure elements by type and scale
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The Nagarjuna Sagar reservoir on the Krishna river
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Nagarjuna Sagar Dam was the earliest in As Nagarjuna Sagar reservoir dries
a series of large infrastructure projects. up and power outut falls, Telangana's

water woes worsen

In the zero sum game played by the riparian States along the Krishna, Nagarjuna Sagar stands much

e Rural urban conflicts

° U pst ream d own St ream co nﬂ |CtS reduced from the lofty vision behind its birth...
. Source: https://www.newindianexpress.com/states/telangana/2017/may/14/as-nagarjuna-sagar-
° Wate r—fOOd —e n e rgy CO nfl | CtS reservoir-dries-up-and-power-outut-falls-telanganas-water-woes-worsen-1604651.html
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Nagarjuna Sagar has been facing gradual reductions in water
availability
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The NS reservoir, its catchment area, and command area

within Krishna basin. Source: Irrigation and CAD Department, Telangana
Command area is dominated by agriculture.

Farmers conjunctively use reservoir water and groundwater.

Location of observations wells in blue.
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Methods: interview based coupled human-water models

1. Preliminary conceptualization of the
system based on natural processes and
assuming a rational decision maker

iy

2. Identify stakeholders, conduct semi-
structured interviews

|

3. Develop alternative system models

U

4. Validate using historical data

U

5. Simulate future conditions

Group 1 (Decision makers)

Group 2 (Water Users)

Group 3 (Environmental
Groups)
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Causal loop diagrams developed with and w/o stakeholder
inputs

Preliminary conceptualization w/o stakeholder inputs Alternative conceptualization with stakeholder inputs

Sea water
intrusion

Linkages between

—> Stakeholder interviews
---------- > Rational decision maker
------ > Physical hydrology
Reservoir module

Climate module
Groundwater module

Command area module

Consumer model

+ Positive feedback
- Negative feedback




Model structures derived from CLDs

Water
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Consumer water use sub-model
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Three models were developed
based on these CLDs

SHMJ1: basic model using
natural hydrology and priority
based reservoir release rules

SHM2: added conjunctive use
of surface water and
groundwater in command area

SHM3: farmers adapt to
deficits, conjunctive use of
surface water and groundwater
included



Model validation: simulating depth to GW in command
area and reservoir water storage

a.

Depth to GW [m]
& & N

(o 2]

Calibration Vél.idation
< > € >

Reservoir storage [ Mm® ]
S
8

Jdn Dec Jﬂn Dec Jdn Dec Jﬁn Dec Jun Dec Jdn Dec Jdn
2007 2007 2008 2008 2009 2009 2010 2010 2011 2011 2012 2012 2013
b.

60001

20001

o

, I!i.

\ 9 |

CWISET .

Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Time [months]  _ chm1 we SHM2 = SHM3 @ Obsarved

Calibration/ validation NSE
SHM2 - 0.84/ 0.76
SHM3 - 0.85/0.76

Correlation coefficient between
observed and simulated storage
SHM1 - 0.57
SHM?2 - 0.85
SHM3 - 0.87



Two alternative scenarios to represent future climatic and
socioeconomic conditions

Climate Reservoir related processes Command area related Consumer water use
related processes related processes
processes
Climate Whether MEF Proposed water transfers to | Change in demands with Rules related to update of
forcing included and from the NS reservoir time demands based on previous
deficits
Historical Historical No No inter-basin transfers Cropping pattern and Demands are reduced
(1968-2013) irrigated area changed following Eq. A3-A4.
based on observations
Sustainability RCP 4.5 with Yes, and No inter-basin transfers Cropping pattern similar to | Demand reductions are
Scenario 1 SSP1 prioritized over historical, increase in twice that prescribed by Eq.
(2014-2050) demand releases command area by 2% every | A3-A4.
decade
Business as RCP 8.5 with No Transfer based on proposed | More water intensive crops, | Demand reductions are half
usual Scenario | SSP3 strategy by NWDA (2021) increase in command area of that prescribed by Eq.

2 (2014-2050)

by 5% every decade

A3-A4

Climate uncertainty: projections from a globally available downscaled product using 5 GCMs
Socioeconomic uncertainty: Sustainability scenario (S1), business-as-usual scenario (S2)
Total number of futures: 10
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Projected conditions of the reservoir performance and command area
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m— SHM 1
Volume of water withdrawn above
freshwater boundary, ideal value: 0~ SHM2

~== SHM3

Depth to groundwater in
the command area

Total unmet water demands,
Ideal value: O

% of time minimum environmental
flow (MEF) limits are met
Ideal value: 1
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Lack of knowledge about the system model can severely limit
our ability to plan for such large projects

(a) Scenario Uncertainty (SHM1)  (b)Scenario Uncertainty (SHM2) (c) Scenario Uncertainty (SHM3)
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L — R —— —F—————— the system model is comparable to that
GFDL Had IPSL MIROC ESM1 GFDL Had IPSL MIROC ESM1 GFDL Had IPSL MIROC ESM1 . . . .
stemming from future climate projections

(d) Climate Model Uncertainty (e) SHM Uncertainty (Scenario 1) (f) SHM Uncertainty (Scenario 2)
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