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What is a Water Planner to do?

• Investments in the water sector are potentially 

significantly impacted by climate change

• Assessment of climate change risks is required

• Climate change may cause the project goals to not be 

met

• Unclear how to use climate information to aid decisions

A standard process for Project Evaluation for Climate Risk is needed! 

UMass Hydrosystems Research Group 2
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Climate models project future climate

The Meteo-France model, from IPCC
from S. Hallegatte
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But they disagree with each other

The Meteo-France and the Australian model, from IPCC
from S. Hallegatte



5

… and we have a lot of models…

from S. Hallegatte
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… and future climates depend on future 

climate policies and socio-economic 

trends…
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Geography Department, U. OregonEmission Scenarios General Circulation Models (GCMs)

Downscaling

Hydrologic 

Model

Water Resources 

System Model

Water System 

Performance 

Under Future 

Climate Scenarios

Greene County, 

PA Department of 

Econ. 

Development

Wisconsin Valley Improvement 

Company
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Now What?

Project UndersizedProject Oversized
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An Alternative Approach

• Assess impacts and identify hazards via 

systematic sensitivity analysis 
• Identify and explore the uncertain variables that are relevant 

(HINT:  Not emissions scenarios or downscaling methods!)

• “Climate Stress Test”

• Use the best available climate information to 

inform the level of concern with the risk
• Subjective Probabilities or prioritization of concerns

Brown and Wilby, EOS, 2012; Brown et al., WRR, 2012, Poff et al., 2015 Nature Climate Change
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Decision-Scaling for Adaptation to Climate Change

3. Evaluate climate 

informed risk 

scenarios

2. Climate Stress 

Test

1. Model System
Define link between climate 

and decisions

Brown and Wilby, EOS, 2012; Brown et al., WRR, 2012, Poff et al., 2015 Nature Climate Change
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3. Evaluate climate 

informed risk 

scenarios

2. Climate Stress 

Test

1. Model System

Systematic perturbation to 

characterize response of the 

system

Brown and Wilby, EOS, 2012; Brown et al., WRR, 2012, Poff et al., 2015 Nature Climate Change

Decision-Scaling for Adaptation to Climate Change
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3. Evaluate climate 

informed risk 

scenarios

2. Climate Stress 

Test

1. Model System

Data mining to extract “ex post” 

scenarios for further analysis. 

Brown and Wilby, EOS, 2012; Brown et al., WRR, 2012, Poff et al., 2015 Nature Climate Change

Decision-Scaling for Adaptation to Climate Change
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NEW WATER SUPPLY
Mwache Reservoir, Kenya

Mombasa city
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New Water Supply for Mombassa, Kenya - Mwache
Dam

Planned releases for irrigation1,2

(for a target of 2800 ha) 

Planned releases for 

environmental protection1,2

Planned releases for domestic use1,2

(Mombasa + Kwale)

1

8
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Project inception workshop          
(Kwale, Kenya Aug 10-15, 2015 )

CATCHMENT	INFO		
+			WRMA	REPORT	Athi	Basin	
+			Na onal	Water	Master	Plan	(WMRA	–	JICA)	
+			CMS	Catchment	management	strategy		
+			FAO	Database	for	irriga on		
+			USGS	Soil	Survey	Database	
-				Census	at	County	level	(6	yrs	old)	
+			County	Integrated	Development		
-				Voi	sediment	study	?		
- Remote	sensing	data		
- Geologic	reports	(Ministry	of	Mining)	
- HEC	–	HMS	report	(CES	Consultant)	
- Physiographic	study:	priori za on	of	

mi ga on	measures		
- Rainfall	&	streamflow	data:		

	Company:	BASE	TITANIUM		
-					
	

	

Irriga on	Data	
Kenya	Bureau	of	Sta s cs	
Dam	Dra 	Report	
Kilifi	Irriga on	Workshop	
GIS	Maps	related	to	irriga on		
CES	reports	on	Irriga on	loca on	
Soil	maps:	KARLO	
Clima c	zones	
Socio-economic	atlas	2014	
Design	manual	guidelines	W	res	
Vegeta on	maps	
Annual	report	of	Dept.	of	agriculture	
	
Livestock	data	
	
	
	

Dam	Studies	
TAHAL	Study		
Dam	Design	
Project	Appraisal	Docs	
Rese lement	Policy	Framework	
Rese lement	Ac on	Plan		
Environmental	&	Social	Impact	study	
Coring	done	for	Dam	(Dam	docs)	
	
Fisheries		
	
	

Gage	Data		
WRMA	will	check	
	
	
	
	
	

Contacts	
	
WRMA:	ERIC											
MSC	Student:	Philis	
	
	

Mombasa	Demand	
TAHAL	study	
	
Mombasa	water	supply	
sanita on	company	
	
Water	pricing	Tariff:		
Financial	Annual	reports	WEB	
	

Groundwater		
WRMA:	Aquifer	Maps	
Monitoring	wells	
Kwale	county	from	WRMA	
Sea-water	intrusion:	Academic	papers	
Ukoni	Aquifer	VITENS	
UNAIROBI	–	GEOLOGY	Dept.	
	
	

Estuary	/	Wetland/Ecology	
-				Kemfri	Mangrove	maps	&	trends	
-				Design	reports:	Fish	species	
-				Dr.	Kitheka:	Good	ecology	studies	
(University	of	Southeastern	Kenya)	
-				NEMA	State	of	the	Env.	Report	
(Na onal	Env	Man	Authority)	
- Environmental	county	reports	
(Mombasa	County)		
	
Water	Quality	Data	
Chemical	/Physical	/Biological		
Agricultural	runoff	
WW:	Check	/w	WRMA	baseline	
Ministry	of	Water	and	Irriga on	
Water	Quality	Dept.		

19



20

Framing the Analysis –More than Climate
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• Inconsistent time-periods

• Missing observations

Climate context – Historical Observations
21
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Historical 

climate trends?

• year-to-year 

and within-year 

variablity

• Upwards trend 

not significant

2

2
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Streamflow response 

Figure 12 – Observed month flow at Gauge 3MA03 versus simulated model 

responses with the Princeton, GPCC, and CRU gridded datasets respectively.

23
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climate dataset 
(historical data)

weather generator  
(wavelet ar model)

system response 
(in R)

hyrologic response 
(‘abcd’ model)

Climate Stress test of Reservoir Design

Satisfactory 

performance

failure

Evaluate 
robustness 

across 
6500 runs

24
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• Demand = 68 MCM

Water Supply Reliability

ACCEPTABLE
(reliablity > 95)

FAILURE 

(reliability < 95%)

25
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99% confidence level:

• ΔT: 0 to 4℃

• ΔP: -5% to +20%

26

Climate Change Projections



27

Safe Yield - MCM 
27
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Water Supply Reliability as demand increases
28
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Upper Arun Hydroelectric Plant
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New Hydroelectricity Investment - Koshi Basin
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Testing 6500 Plausible Futures
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Net Present Value 335 MW Design
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Investment fails if …

335 MW

• Electricity price 
< 5.67 NRs

AND

• Lifetime of the 
dam < 15 yrs

AND

• Discount rate 

> 15.6%
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The Koshi Basin and proposed dams
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Most robust and efficient portfolios for 

Investment and generation only

Efficient portfolios for investment, 
generation and environment

Ideal solution (unobtainable)

Most robust and efficient portfolios for 

Investment, generation and environment

0 6500

A) Upper Tamakoshi
UAHP 750MW
Arun-3

B) Dudh Koshi
UAHP 750MW
Arun-3

Identifying Optimal Investment Portfolios

Explore portfolios for best match with decision maker preferences

(Bonzanigo et al., 2015)
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Conclusions

• Current approaches to climate change impact 

assessment not well designed for risk assessment or 

aiding decisions

• Decision Making under Uncertainty methods are effective:

• Identifying Vulnerabilities through “climate stress testing”

• Assessing Risks

• Planning Adaptation and identifying robust options

• Decision Tree guides manager to appropriate level of 

analysis to assess climate risks efficiently and effectively

36
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Research Needs:

1. Adaptation Options and Implementation – Margin of 
safety; regulatory guidelines; “safe fail”; Endogenous 
adaptation; etc. 

2. Adaptation Planning and Time – planning occurs over 
time as climate evolves; value of near term climate 
information; reversible decisions and options based 
approaches; rule of thumb guidance approaches; 
dominance of variability in near term.

3. Probabilistic Approaches for Estimating Climate Risk –
research effort needed to estimate probabilities of 
problematic climate change – and risk-based context is 
critical. 

37
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Thanks!  Questions:  casey@umass.edu
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CLIMATE INFORMED FLOOD RISK

Iowa River, Iowa, USA

June 2008 Overtopping Event

SERDP Project# RC 2516 Climate-Informed Estimation of Hydrologic Extremes for Robust Adaptation to Non-

Stationary Climate; NSF CAREER:  Robust Management of Climate Uncertainty for Ecohydrological Sustainability 
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Iowa River – Climate Change or Natural Variability?

June 2008 floods

Spillway use:

-1993

-2008

-2013

Are floods increasing?

Proposed adaptations:

0 - 6 feet

0-100%
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Climate Informed Risk Estimate

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
4

0

1

2

3

4

5

6
x 10

4

 

 

 

y = 0.09*x + 1.5e+004

Historic record

Stream 

gage

LP3[m(X),s (X),x(X)]Climate Informed Risk 

Estimate

X



42



43



44

Streamflows sensitivities to changes in precipitation 
and temperature in the Upper Arun…



45Green: RCP 2.6; Blue: RCP 4.5; Yellow: RCP 6.0; Purple: RCP 8.5

Total Annual Flow
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Year 2050 Glacier Area
(as % Year 2014 Glacier Area)


