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QUOTES...

While we cannot accurately predict the course of
climate change in the coming decades, the risks
we run if we don’t change our course are

enormous.

Prudent risk management does not equate
uncertainty with inaction.

Steven Chu, Nobel Laureate in Physics (1977); Former US Energy Secretary



PRESENTATION OUTLINE

« Setting the scene
« Climate change and risk

* Vulnerability assessment
* Top-down and bottom-up

CRIDA approach

CRIDA applications

« Municipal water supply in Bangkok, Thailand
* Lower Bhavani irrigation project in Tamil Nadu, India

« Way forward...



TEMPERATURE
How close are we to reaching a global warming of 1.5°C?

Global warming reached an estimated 1.23°C in August 2023.
If the 30-year warming trend leading up to then continued,
global warming would reach 1.5°C by December 2034.

December 2024
August 2023
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PRECIPITATION

Observed change in annual precipitation over land
1901- 2010 1951- 2010

(AR5, IPCC 2015)
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(mm yr' per decade)

Rate of change of precipitation since 1951 has accelerated than previous period
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PRECIPITATION

Half of the world's annual precipitation falls in just 12 days
Climate change likely to make global precipitation more uneven

 Analysis of rainfall measured at ‘.
stations across the globe (1999-
2014): the median time it took for
50% of a year’s precipitation to fall
was just 12 days

* In a high GHG emission scenario:
half of precipitation increase
occurs in the wettest 6 days each
year

PERCENTAGE
N
a
X

Pendergrass and Knutti (2018)
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Probability ——

ACCEPTABLE LEVEL OF CLIMATE AND WATER RISK

Highly unlikely =

Acceptable risk

Most likely
Oftentimes :
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Flood magnitude, pollution, drought severity »
Consequences, costs ¥
Prosser (2012)
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Intolerable

Risk cannot be taken on:
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Risk reduction
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VULNERABILITY

The propensity or
predisposition to be
adversely affected.

Vulnerability
encompasses a variety of
concepts and elements,
iIncluding sensitivity or
susceptibility to harm and
lack of capacity to cope
and adapt

« Component of risk, but also

an important focus
Independently

Improves understanding of
the differential impacts of
climate change on people of
different gender, race,
wealth, social status and
other attributes.

Provides an important link
between climate adaptation
and disaster risk reduction



CLIMATE VULNERABILITY ASSESSMENT
Top-down (Predict-then-act) approach and its uncertainty

Climate Scenarios Limitation of scenario selection
Are the scenarios capable of representing the future
climate? - A

Limitation in GCM selection 2

Downscaling and Bias- Inability of GCMs to represent basin level climate T

Corrections o _ _ _ S mae
Limitation in downscaling and bias-correction 5
Model Development, Which method is most suitable, since every method gives §
Calibration and Validation T NoNEeeenN g
3
. 2

. Limitation in model development and simulation
Model Simulation _ _ _ _ =
Selection of different methods for representation of different
processes
Climate Change Impact

C",&ndaattgtrilgnge Uncertainty occurs at every stage! Error gets

augmented at every step

How accurate should the performance of the model be?

&——— Theenvelope of uncertainty ———

(Wilby and Dessai, 2010)




CLIMATE VULNERABILITY ASSESSMENT

Bottom-up approach
Decision Confext * |nvolvement of stakeholders in
_ understanding the vulnerability of the

existing infrastructure or system
» Decisions are not solely based on model

Model Development

Vo Development outputs

m  Different bottom-up approaches
Climate Conditions « Decision Scaling

reflecting thresholds

« Eco-Engineering Decision Scaling (EEDS)
« Climate Risk-Informed Decision Analysis (CRIDA)
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CLIMATE RISK INFORMED DECISION ANALYSIS (CRIDA)

WHAT?

WHY?

WHO?

HOW?

WHERE?

WHEN?

p
A series of steps for assessing,

Adaptive planning, “decision-
centric” approach

p
Uncertainty in investments
and future planning

- - \
Decision makers, water

managers, all stakeholders...

planning & decision making

LAny water resources projec}

Any point during or before
lifetime of WR project

“CRIDA provides a collaborative process
for risk-informed decision making -
effectively assessing, managing, and
communicating risks to stakeholders and
decision makers, including successfully
avoided risks and residual risks that
cannot be avoided, quantified, or
isolated”

Mendoza et al. (2018)
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CRIDA approach

4 )

* Problem Bottom — up
statement, vulnerability
objectives and assessment - N
constraints - - Range of — Evgll:r?te g N

« Performance * Climate and actions _ CMa .
metrics and hydrologic - Adaptation Alternatives gﬂdaellgf;ieoanmmg
critical stressors pathways « Cost benefit . Fi -
thresholds « Water system inancing

. Key stressors model - Formulate * Robustness C Monitoring
» Boundaries of Robust and | 'al'cra](c:jhnology
stress tests Flexible actions (ESOUICES Institutionalize
Decision « Stress test . Other Gl  decision /
(Sl Context __ output y | constraints
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STEP 1. DECISION CONTEXT

1.1 Problem statement — Constructive, include constraints

Constructive Unconstructive

In the dry season, water shortages affect The irrigation system is inefficient
our crop yields

The site has a growing economy and We need hydropower dams
population, but there is an energy

shortage

We see increasing frequencies of We need more flood control levies
flooding and worsening impacts from because of climate change
flooding

13



STEP 1. DECISION CONTEXT

1.2 Set planning objectives

= Related to the problems and opportunities
= |nform, define and prioritize performance metrics
= |Limited to one or two core targets

= Provide information on
= Desired effect (quantified, if possible)
= Subject of the objective
= | ocation of the effect
= Timing of the effect, and
= Duration of the effect



STEP 1. DECISION CONTEXT
1.3 Define performance metrics

Topic of External driver Design variables to  Potential performance
interest improve metrics
performance
Water Variability, persistence and Storage volume Tied to benefits to relevant
supply averages of the hydrologic input Target yield sectors in energy,
variables, target demand, Demand agriculture, industry, and
upstream abstractions, management municipal use that benefit
Temperature from water supply
Flood risk Intensity, duration, frequency, Levee height Based on losses to
reduction and spatial extent of rainfall Floodplain area productivity, property, and
events; permeability of Flood routing bypass lives (probability function for
catchment; antecedent moisture; Detention volume expected losses); or
operations; value and location of Management of risk  based on an area flooded
property and human settlements Runoff coefficient or a specific level of loss
or impact (e.g., a design
flood)




STEP 1. DECISION CONTEXT

Topic of External driver Design variables to Potential performance metrics
interest improve performance
Coastal Sea level rise, storm Dune height Same as flood risk
risk surge, and frequency of  and width reduction
reduction events; value and Sea wall dimensions
location of property and Wetland area
human settlements Management of risk
Ecology Flow regime, Floodplain area Often based on species indicators,
environmental water Indicators of hydraulic habitat quality, different flow
quality, dam operations, alteration regimes, species abundance,
nutrient composition, Habitat connectivity fishery productivity, reproductive
sediment transport success, floodplain connectivity,
divergence from flow regime
reference
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STEP 1. DECISION CONTEXT

1.4 Performance thresholds

Measure of Performance

AS

Critical Threshold, C

Less stressful

System Stressor

>

More stressful

Threshold - Level of chronic
unacceptable performance

Impact ( P) from unacceptable
performance - Difference
between the performance
under expected climate states
and the critical threshold
defined

17



STEP 1. DECISION CONTEXT
1.5 Drivers of change

Water resources system type Key hydrologic statistic

Rainfall dependent water supply system Variability of flow or rainfall
Persistence (or auto-correlation) of low
flows or rainfall

Glacial dominated water supply system Persistence of high mean temperatures

Flood risk reduction system Maximum annual peak flow
Coastal risk reduction Mean sea level
Ecological All the above
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STEP 2. BOTTOM-UP VULNERABILITY ASSESSMENT
2.1 Water Resources System Model

Design Parameters
(measures and strategies within
control of decision maker)

Connect external drivers to

~V
measures of performance
« Variables
» Technical
Ext | .
D):i\‘/e;?sa Natural Performance - Social
(stressors M(etrics . « Economic
beyond outcomes o
control of interest) * Natural SyStem
decision maker) - Economic
- Climate change impacts
- Population - Social impacts
growth Institutional - Enviromental
- Economic System impacts
development
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STEP 2. BOTTOM-UP VULNERABILITY ASSESSMENT
2.2 Stress test

External Drivers

Performance Metrics

Hydrologic Drivers
y 9 Water Resources Flood damages

Precipitation Water supply reliability

;?mpe;?wfe SIS Rele[C) Hydropower production
reamilow Storage-Yield-Runoff, Water Quality

Other Drivers Flood Risk Management,

Land use etc., Economic benefits

Economic losses

Upstream withdrawals _
Cost-Benefits

Return flows

External drivers are adjusted to stress performance

20




STEP 2. BOTTOM-UP VULNERABILITY ASSESSMENT
2.2 Stress test

Streamflow Response Surface, Tot Ann (MCM)
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Precipitation (Fraction of Historic/Baseline)
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STEP 2. BOTTOM-UP VULNERABILITY ASSESSMENT

2.3 Risk matrix
A
n

Impact

-
-

Plausibility
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STEP 3. FORMULATING ALTERNATIVE PLANS

3.1 Level of Concern Analysis

Quadrant Il Quadrant IV

FORMULATE ROBUST FORMULATE ROBUST &
ACTIONS FLEXIBLE ACTIONS

Quadrant Il

FORMULATE FLEXIBLE
ACTIONS

Analytical Uncertainty

23



STEP 3. FORMULATING ALTERNATIVE PLANS
3.2 Diverse course of action

Rank groups of futures and formulate actions to reduce the impact of each
cluster

Formulate actions that reduce risk across multiple steps or stages of a project
Develop robust actions ranked by efficacy and cost

Consider completeness—other necessary actions or investments that are
needed beyond the “core” solution

Propose actions that must comply with regulations and/or be socially
acceptable.

24



STEP 3. FORMULATING ALTERNATIVE PLANS
3.3 Evaluate robustness using stress test

Measure of Performance

Projected Range

PN

r---‘

Stressor

How performance reliability
or resilience is improved
over the status quo if risk
reducing measures were to
be implemented.

25




STEP 3. FORMULATING ALTERNATIVE PLANS
3.4 Developing adaptation pathways

Dike: Large
Dike: Small
(O e

Floodproof Urban Areas q-_—.
Current Situation
Room for River: Small 1
Room for River: Large .
Inflow Change (%) Ly

0O 5 10 15 20
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STEP 4. COMPARING AND RECOMMENDING PLANS

Quadrant Il Quadrant IV

Perform incremental Perform DCF of pathway
cost analysis (ICA) of transfer cost & benefits

robust plans Analyze incremental

costs of robust plans

Scenario discovery

Quadrant | Quadrant lll

Follow standard plan Perform DCF of pathway transfer
comparision and costs and benefits
justification procedures

Future Risk

Perform discounted cash flow

analysis (DCF)

_A__ﬁ

nalytical Uncertainty




STEP 4. COMPARING AND RECOMMENDING PLANS

4.1 Incremental Cost Analysis

AN

Current Plausible Future States
State
A
% I ".,. Robust Plan C
8 I I ......... C | TMSssaas —
£ A B s [ Robust Plan B _8
= | ‘e,
S 1N el Robust Plan A 1 g
2 : "o, I
3 | L - £
.§_, : Baseline I 1 8
£ | Performance I ) Robust Plan C
I | | =
I I | -
I | “c
I I ! .g ”
| I 2
I I I < ‘-‘q:’
| | | 0
I I I + €
I 1 I D_0 é’
Less stress ful SA SB SC More stressful
—— Incremental Cost
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STEP 4. COMPARING AND RECOMMENDING PLANS
4.2 Adaptation pathways map

Low High
Scenario Scenario
(LS) (HS)
Path 2
Large dike :
Path 5
Small dike P:tl: ;
olllll.ll.llllll.ll.llll.ll-|
Upstream re-operation Path 4
Path 4
Status quo
all a3 o
. loodol. Path 1
(%) Change ﬂow I T i i ﬁ
0 S 10 15 20
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STEP 5. INSTITUTIONALIZING THE DECISIONS
5.1 Institutional Decision Rules

Quadrant Il Quadrant IV
Standard institutional Flexible and cooperative
implementation institutions
Economically justifiable Budget increase justifiable
budget increase from additional benefits
-~
R
o . . .
2 « Technically feasible options may
5
K, Quadrant | Quadrant i not always be feasible from a
Standard institutional Flexible institutions .
irr‘p|ementa:|on and use of and fund ng gove rna nce pe rSpeCtlve

budget rules

« Transformational pathways

require more effort and time than
) incremental actions that work to
Analytical Uncertainty adjust the current system
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STEP 5. INSTITUTIONALIZING THE DECISIONS

5.2 Monitoring and Evaluation

A
V Early Warning
Signal Adaptation
[ Tipping Point
Decision
Point V
L I
3 N | ;
p3 : i LEAD TIME [
o I |
- ] I [
® | [ 0
E | I Critical Thresho 0
S """
T | l [
Q
D— M
Less stressful Climate State More stressful

climate climate 31



Case Study

Climate Change Adaptation in Municipal Water Supply of
Bangkok, Thailand

Rachel Koh, Mukand Babel, Victor Shinde and Guillermo Mendoza
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Towards climate resilient municipal water supply in Bangkok: A
collaborative risk informed analysis

Rachel Koh ", Mukand S. Babel ™, Victor R. Shinde ™, Guillermo Mendoza “

2 Pillar of Engineering Systems and Design, Singapore University of Technology and Design, 8 Somapah Rd, Singapore 487372, Singapore
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STUDY AREA: MUNICIPAL WATER SUPPLY OF BANGKOK, THAILAND

Bhumibol and el O ol il e . Metropolitan Waterworks
Sirikit : 1" Authority (MWA)
dams/reservoirs « Service area: 2,470 km2
l « Bangkok, Nonthaburi and
Chao Phraya dam Samut Prakan
¢ + WTP: Bangkhen, Mahaswat,
3 Samsen and Thonburi
« 913 DMAs
» Population served: 8.3
million
¢+ Connections: 2.5 million
“eewel® o Water production: 2,075

* Water Treatment Plant

e Rt Wieter East Canel MCM/year

= River

===}« 14 Pumping stations

| | | | | 2
100°200°€ 100°300°E 100°400° 100°500° 101'00°E

Gulf of
Thailand
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METHODOLOGY: MODIFIED CRIDA

1. Establish decision context 2. Assessing system vulnerability
FEEEmE=_—-—=— 1 s eem— B e
?erformance | facceptable Critical E
indicator 1 e threshold 1~ Stressors
- 1

:- Eo:s:lt;ti;n- : Recastalie’ o ; : ) i Wide range of values of |
with F_r_EQ[fQLIm, SO : : : stressors ;
« The blue box, green box, and : stakeholders 1 | | indicator 2 | failure  threshold 2 —> StressorsE : :
orange box detail the first ~ ======= : ; ' :
three steps of CRIDA, I , !
respectively. Il o o e l
- The modified methodology Stress test
steps are outlined with red - (Modified CRIDA) Model relating stressor to
doc’;ted st Emel velliory i :;ff‘;a::‘aat:cz'?:Z:gi:):i‘;:rfesr:s Assessing system vulnerability performance indicator
red arrows.
of critical threshold violations | output
__________ . T : S Stressor values that
:-Frequency of thrashokd | B. L|_near. VAIRTION S Re e o e s aE C. Establish sc<ianar'|os cause the system to
L5 violation (no. of days / '—Cfhistoricaldata_, jnouts compared to :thi‘fghci"b'nat'ons violate critical
| year) : (Stress test) I baseline | Ofshifts thresholds
T v wm o o o o o o - e - oo - - - - - - - - l
------------ | —, Plausibility of failure !
! 3.Formulaterobust ,, = ‘“==wooooooo 4

actions | (



RESULTS [: ESTABLISHING THE DECISION CONTEXT

Results of stakeholder (MWA) w5
consultation | ) )2
* Flow at C29
- < 80 m?3/s: Salinity caused by saltwater
intrusion from the Gulf of Thailand
« Salinity at C55 (Samlae pumping station)
« >0.25 g/L: Reduced plant operations O\ eseefuerreanendn
« > 0.50 g/L: Critical plant operation plans 0
+ Turbidity at C55 1
e >200 NTU: Increased cost and duration of i
water processing k‘@m . ) i |



RESULTS II: HISTORICAL SYSTEM PERFORMANCE

Defined thresholds:

* River flow at C29
< 80m?3/s

« Salinity at C55

>0.25 g/L

« Salinity at C55
> 0.50 g/L

* Turbidity at C55
> 200 NTU

River flows are an indication of potential failure, actual failures are defined by salinity and turbidity

mis

4000

—— Observed —— Observed
——- 80m ’| . 3500 m .
I | f Low river flow B | [\ High river flow
2500 ' { 2500 ’ {
I | 1. |
1500 \ | | ’ E 1500 k l( ‘ ’
Jl \ K \w | g» \ J | ( k I
500 H\J‘ ' '» | 500 I
Lw el il .,LL,_;__M,LMWL I ! Vg o Ml 1]
2007 2008 2009 2010 2011 2012 2013 2014 20|15 20|16 2007 2008 2009 2010 2011 2012 2013 20|14 20'15 20'16
(b) Salinity (c) Turbidity
12 300
—— Observed —— Observed
— 200 NTU 0 e
107 osaon . - & High turbidity
High salinity
08 L i (B e s ettt Sttt
Boer B E 150 “
Al ”\ﬁ | t
T e L 1
- %1/0% »JA‘ mwf! LS “/L\«""uﬁu/ ﬂtl\/“/ "ﬂ ¥ FW INH HI M
0%007 2008 2009 2010 2011 2012 2013 2014 2015 20'16 (2)007 20'08 2009 2010 2011 2012 2013 2014 2015 2016

River flow @C29 vs.(a§l§Jinity @C55

River flow @C29 vs. ('I)'Hrbidity @C55

measured at the intake point

37




RESULTS II: HISTORICAL SYSTEM PERFORMANCE

Observed data analyzed for
2009-2010, 2012-2015

 Salinity-flow failure zones

» Left of action matrix: Low flow rates
less likely to counter high salinity from
saltwater intrusion

» Right of action matrix: Higher flow
rates may not be able to counter high
salinity during high tides in Gulf of
Thailand

« Turbidity-flow

» High flows bring in more sediments,
causing higher turbidity levels

Salinity at C55 (g/L)

Turbidity at C55 (NTU)

(a)Salinity-flow relationship < T |
VAP .. .. (S
Flow<80m'/s
100 Salinity>0.50g/L b Salinity>0.50g/L |
| Flow<80m?/s Jot doeln { nd Actions1&2 242% | Acti X j A
| Salinity>0.25g/L - ° ‘¥ Salinity>0.25g/L | Acﬁonsl&z 2'42% fAction2 2.10%
E7aieus Action 1 No action taken
s > 14.2% 80.2%
14 -~ .
10 f Flow<80m3/s ..“@.:‘.
10° 10 71 0? B 10° “‘;04 Action 1: Increased water release from upstream
3 Action 2: Slow down operations of water treatment plants
Flow at C29 (m"/s) Action 3: Inform consumers to reduce tap water consumption
(b urbidity-flow relationship < Becroasig flow ]
o r=0.547
Flow<gom®/s 1 Turbidity>200NTU
Turbidity>200NTU :
N °
: R
K .t :l,u o N A
02t S TR T Action 1 No action taken
| Flow<80m'/s AT
|} .;- A -i""" 3
' Bt I 16.8% 82.4%
e ‘e..:l"\ . /
.7 y { *
2 ,"'n': oy
R 2
10! — — -— - -
10° 10 10° 10

Flow at C29 (m’/s)

38



RESULTS lll: STRESS TEST

Critical (a) No. of failure days in a year
Thresholds 2009 2010 2011 2012 2013 2014 2015 _ Average
(a) Worst annual Flow <80 m3/s 24 - 1 74 134 136 62
performance identified  ggjinity >0.25 g1 14 - o 3 28 22 19
for each threshold Salinity >0.5 g/l 2 i o 1 8 6 3
Turbidity >200NTU 0 3 4 0 0 0 0 1
(b) System stressed by
Varying entire range of Critical (b) Variation in parameter values (% change)
Thresholds 30 20 10 0 +10 420 +30  +40  +50

observed data until
worst performance
exceeded

Flow <80 m3/s
Salinity >0.25 g/l
Salinity >0.5 g/I

Turbidity >200NTU

112 100 85 62 44 32 24 20 17

7 10 14 19 24 35 45 69 96
1 2 3 3 4 5 5 7 8

0 0 0 1 2 3 5 7 7
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RESULTS lll: STRESS TEST

(a)Occurrence of system failure due to salinity >0.25g/L

160y
140
2 120 B
C .
© 100
=]
2 ==9--
©
5 8 ¢oce-- Pieran ¢
s || TERSseg Tt -
“ &0 T e o Aeens A
s Sl-10%  ——k—— Obssal = = X= = - Sal+10% s S e o
40l |- - O - -sal+20% - - A - sal+d0% - - - - - Sal+40% i —
Sal+50% T R T
20 | L | 1 1 | | 1 | |
-50 -40 -30 -20 -10 Obs +10 +20 +30 +40 +50

% change in flow

(b)Occurrence of system failure due to salinity >0.50g/L

120

~—
-
.
i,

No. of failure days
o]
o
T

[=2]
(=1
I

=l Sal-10% —Hk—— Obssal - = *- - -Sal+10%
gob |7 Q7 Salv20% - A - Saled0% - - - - - Salva0%
Sal+50%
| L | | 1 | | | | |
50 -40 30 20 -10 Obs +10 +20 +30 +40 +50

% change in flow

(c)Occurrence of system failure due to turbidity >200NTU

~~~~~~

60

L [P O = - Tur-20% - = & - -Tur-10% = - ©- = - Obs Tur RS it
sl - X= == Tur+10% —f—— Tur+20% ==X Tur+30% o ST s
e Tur+40%
0 | | 1 | 1 | 1 I L |
-50 -40 -30 -20 -10 Obs +10 +20 +30 +40 +50

% change in flow

« With current salinity, even if the flow is increased
by 50%, there will still be ~35 days of failure

- If salinity increases (0.375 g/L) in future due to sea
level rise, even when the flow is increased to 50%,
there will still be ~100 days of failure

« The system will still fail for ~18 days when turbidity
comes down by 20% and flow increases by 50%

40



CONCLUSIONS

Complex system at risk where Bangkok water supply is dependent on:

* River flow available, salinity and sediment

The combined effects of SLR and LS is expected to increase the salinity, which cannot
be reduced even with an increase (50%) in river flow

Adaptation solutions that can be further explored include:

* For salinity: (a) Seawater desalination, (b) shifting of the raw water intake upstream, (c) inter-basin
transfer.

» For turbidity: Enhanced soil conservation efforts upstream watersheds, and tighter policies and
enforcement to prevent chemical discharges

Hydrological modeling of upstream watersheds to project river flows and a coupled
hydrodynamic-AD model downstream under climate change

« Will help capture the complex dynamics of river flow, salinity and sediment.
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Case Study I

Climate Change Vulnerability Assessment in Agriculture in
Lower Bhavani Irrigation Project, India

Ambili G K, Mukand Babel, Venkataramana Sridhar and Geethalakshmi Vellingiri
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Original research article

A novel approach to vulnerability assessment for adaptation planning in
agriculture: An application to the Lower Bhavani Irrigation Project, India

Ambili G. Kamalamma ®°, Mukand S. Babel >, Venkataramana Sridhar ¢,
Geethalakshmi Vellingiri %

* Water Engineering and Management, Asian Institute of Technology (AIT), Thailand

® Gentre for Water Resources Development and Management (CWRDM), Kerala, India

© Department of Biological Systems Engineering, Virginia Tech, Blacksburg, VA 24061, USA
9 Tamil Nadu Agricultural University (TNAU), Tamil Nadu, India

HIGHLIGHTS

o Climate Risk Informed Decision Analysis (CRIDA) applied for vulnerability assessment in agricultural sector for the first time.
« Adaptation strategies need to be focused on demand management options.

o Paddy yield is at low risk and supply-demand ratio is at high risk to change in climate stressors.

e CRIDA application suggests the need for both robust and flexible adaptation plans.

ARTICLE INFO ABSTRACT

Keywords: The global discourse on climate change adaptation in various sectors has largely taken a top-down approach.
V“’-ﬂemPﬂil'.V Mmem However, impact analysis based on top-down approach with uncertainties at every stage of the process may lead
Adap::‘““ planning to poor adaptation responses and hence there is a need for an alternative to this conventional approach. This

study aims to implement a bottom-up, risk-based approach to vulnerability assessment in the agriculture sector,
by adapting the Climate Risk Informed Decision Analysis (CRIDA) approach. This paper explains the risks that
climate variabilitv and change pose to the aericultural svstem. with Lower Bhavani Irrigation Proiect in the South

Stress testing
Lower Bhavani Irrigation Project




BHAVANI RIVER BASIN AND LOWER BHAVANI IRRIGATION PROJECT
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METHODOLOGY
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CRIDA DECISION CONTEXT

» To maintain the

crop yields to long- > o mpree sl Climate stressors

demand ratio

term normal yield  Aridity index (P/PET)

* Climate variability

* Target yield .

- K

Supply management

(4t/ha) * Supply-Demand ratio
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Climate variability
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STRESS TEST RESULTS

" . Supp|y.
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Aridity index

« Atlow aridity index, yield is more sensitive to climate change than to variability, but when Al is high, the
system becomes responsive to both climate change as well as variability.

«  When Al>1.1, an inflection point is reached at where positive changes in climate variability will increase the
yield and negative changes in climate variability will decrease the yield.

+ System failure in yield at high aridity index and low variability and failure in supply-demand gap at low aridity
index and all ranges of climate variability u



PLAUSIBILITY ANALYSIS Supply-
demand ratio
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Future conditions are very much plausible to lead to system failure
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RISK MATRIX

- Plausibility (No. of RCM
projections) « Supply-demand ratio:

<20 20-30 >30) High risk due to climate

: B <08  Mecdium -- change and variability
Impact (Yield ratio e Yield — Low risk

or Supply demand ERIREIR Medium

ratio) :
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CONCLUSIONS

- At lower Al, the yield is more sensitive to climate change
whereas at high Al, both yield and supply-demand ratio is
sensitive to both climate change and variability.

- Paddy yield in the irrigation project is at low risk to climate

change and variability, but the system is at high risk due to the
mismatch of supply and demand

- Both robust as well as flexible adaptation actions are needed to
reduce the risk
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WAY FORWARD...

« Evaluation of adaptation measures

» Carbon neutrality — Mitigation potential
» Cost benefit analysis — Societal and environmental costs and benefits

» Adaptation pathways

Institutionalizing adaptation

* Implementation
« Monitoring and evaluation — robust and flexible

Subjective to past and present challenges

 Room for new and emerging challenges
» Other socio-economic stressors imposing challenges to urban water management

Applying CRIDA for entire urban water cycle
Big-data and Al technology for vulnerability assessment
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“Be the change you want to see in the world’
-Makatma Gandhi

“The €arth provides enough to satisfy every
mans needs, 6ut not every mans greed”
- Mahatma GandAii
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Thank you very much
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