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Usable Knowledge to address water problems

Source: Princeton University

The missed opportunity matrix for 
reconciling supply and demand*  

Area of positive reinforcement

*Sarewitz, D. and R. A. Pielke, The neglected heart of science policy: Reconciling supply of and demand for science. Environmental Science & Policy, 10, 5-16, 2007.



Mobilization of diverse knowledge 
!

Need for carefully selected collaborative work between scientists, policy-  
and decision-makers at all levels of governance



• Climate variability and change affords both challenges and opportunities for 
water resources management and policy 

• Recurrent problems (for example, droughts, floods, inadequate water 
infrastructure) receive attention from the media 

• Water-related concerns cast a long shadow on long-term human well-
being (economic, social, and environmental) 

• Complexity and human dimensions: Demands on research and policy 
• use-inspired 
• simultaneous consideration of place-based, regional and global issues 

!
• Can we anticipate surprises or breakdowns in earth’s life-support systems? 

• Integrative Research (Climate+Hydrology+Ecology+Human Dimensions) 
• Pay great attention to interlinkages or nexus 
• A reappraisal of water resources governance
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• Compromised stormwater infrastructure due to extreme rainfall events 
• Coastal Maine 
• City officials and Planners 

• Lake-watershed systems likely to experience significant changes in water 
quality due to changes in seasonal ice cover  

• Maine and temperature regions in North America, Europe, and Asia 
• Water managers and planners (for example, Portland Water District, Maine 

USA) 
• Tropical Cyclones strongly influence riverine ecosystem health 

• Analysis and methodology for water systems analysis and planning 
• Infrastructure Planning Commissions (Korea)



The case of malfunctioning culverts 

• Compromised stormwater infrastructure due 
to extreme rainfall events 

• Region: Coastal Maine 
• City officials and Planners 

• Up-front engagement and scoping of problems 
with city officials through questionnaires, 
interviews, workshops and focus groups 

• Research Needs 
• Design of culverts (updated assessment of 

extreme rainfall) 
• Maintenance calendar (identify adaptation 

opportunities) 
• Understand governance (design standards, 

decision tool needs, financing, local-state-
federal government roles)

joint work with Esperanza Stancioff and Alex Gray (Maine Sea Grant) 
Bob Kates (University of Maine)



The case of malfunctioning culverts 

“It is easier to draw schematics than to 
describe what actually occurs” 

 — Bob Kates

joint work with Esperanza Stancioff and Alex Gray (Maine Sea Grant) 
Bob Kates (University of Maine)



The case of malfunctioning culverts 
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Delineated Knowledge System to support community-based 
adaptation with a focus on stormwater infrastructure 

!"#$%&'()*+#",'-./0)#1/'

Lincolnville 

!"#$%&'()*+,-.)/**')+),-./))
0"1')2&'&34#5)&'()"678&%5)

9&8'4:5);%82&$4)<=$=#4)>4?"#$)*@AA,.)

!"#$%&'%"&()"$*)
B=8%(8'3)&)>458%84'$);"&5$/))
9&8'4);"'C#"'$5);%82&$4)7D&'34)

;"&5$&%)E554$5:)
F=%'4#&G8%8$H)

>4$#"5?47IJ4)K)L!;;)582=%&I"'MG&54())
E5545524'$)"C)NO$#424)!#478?8$&I"')NJ4'$5)

0H?"%"3H)"C)#47"#(MG#4&P8'3)4J4'$5/)
L2?"#$&'74)"C)E$%&'I7)D=##87&'45)

B&H458&')9&#P"J);D&8')9"'$4);&#%"))
94$D"("%"3H)C"#)E$%&'I7)Q=##87&'4);"='$5)

NO$#424)R$"#25S<%""(8'3)
E(4T=&7H)"C)L'C#&5$#=7$=#4/)
23&4/051))

;"2?%4O8$H)"C)U"J4#'&'74)K)<8'&'78'3/)
;=%J4#$)>4?&8#V)>4?%&7424'$V)!%&''8'3)

6*7/&#",'8**&1'5*',3#7/'
7/)#1#*"19:7%+5%$*"''

9&8'4)N24#34'7H))
9&'&3424'$)E34'7H)

R$&$4)!%&''8'3)W674)
;*4/0"%")/'6%++#",'

9&8'4)XW0)NY)9&8'4)
X4J4%"?24'$);"#?Y)

0"1')<"7=5)U#"=?5)K))
L'$4#J8415)

X47858"')7&%4'(&#5)K))
?#"745545)

</1#,"'6/5=*71'
ZRXES[>;R)
9&8'4)XW0)

9&8'4)L<\)

R=#J4H)W')R=#J4H)

R4&)U#&'$);%82&$4)
[4$1"#P)



Best track position for Hurricane Irene. Counties where Federal Emergency Management Agency 
(FEMA) declared major disaster are highlighted in yellow. The circle in magenta represents 
USHCN stations where the annual maximum rainfall on that year is caused by the hurricane 
Irene while those stations which are within 500 km of the hurricane are represented by plus. 
Quantile corresponding to those are computed for each station from EVD and the histogram of 
them is shown in (b).  

Hurricane Irene



Extremes: Record Sewage Overflows

Climate Central (2013)



• Extreme rainfall can be statistically modeled to incorporate changing baselines 
• First step towards a design toolbox that incorporates dynamic risk (changes over time) 
• Short record length
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Temporal changes in seasonality

• Date of annual maximum precipitation events  
• Nonparametric statistical framework to assess changes and characterization of PDF 
• Short record length 
• Aligns with culvert maintenance calendars

Dhakal et al. (2014, in review)



Culvert maintenance calendar

• Review of maintenance schedules 
• Move some of the summer activities to spring 
• Local expenditures to be adjusted accordingly



• Research featured as an exemplary 
adaptation approach in the recent 
U.S. National Climate Assessment



Climatic drivers of lake water quality transitions

• Lake-watershed systems likely to experience significant changes in water quality 
due to changes in seasonal ice cover 



Climatic drivers of lake water quality transitions

• Lake-watershed systems likely to experience significant changes in water quality 
due to changes in seasonal ice cover  

• Maine and temperature regions in North America, Europe, and Asia 
• Water managers and planners (for example, Portland Water District, Maine 

USA) 
• Maine’s Sebago Lake  

• Principal water supply for a large urban region 
• High water quality (no infrastructure for advanced water treatment) 

• Significant incidence of early ice out in Maine 
• Longer ice-free season increases the radiative heating of the lake  
• Commingled influences from within lake biogeochemical processes and 

nutrient loading from surrounding watershed. 
• Ice out date is an important threshold process that can lead to sudden and 

dramatic changes in lake phytoplankton.



Mussie Beyene

Early Ice out and lake water quality transitions



Large-scale patterns of AFDD 
show linkages to lake ice out, 
and linkages to tropical Pacific 
sea surface temperatures

Climatic drivers of lake water quality transitions

Beyene and Jain (2014, in review)

AFDD (DJF)
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Ice-out date linked to large-
scale atmospheric circulation  
and oceanic temperatures. 
!
Season-ahead predictability 
likely to offer significant 
opportunities for planning. 
!
Temperature thresholds 
identified.

Climatic drivers of lake water quality transitions

Current work 
!
Thresholds and transitions 
within a nonlinear dynamical 
lake model (Scheffer, 2003) 
linked to ice-out seasonality.
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Inclusion of ecosystems as stakeholders: 
Climate- Environmental Flow Linkages



•  Western North Pacific typhoons expected to increase in frequency. 
•  Indicators of Hydrologic Alteration sensitively linked to typhoon variability 
•  Translation of typhoon impacts for future ecological impact assessment critical.



a. Map of study region

n: the number of typhoon in the Korean domain (120  E-138  E, 38  N-40  N)
N: the number of typhhoon in the western North Pacific region
n>64knots: the number of typhoons in the Korean domain (maximum wind speed>64knots)

O O O O

77.1%

22.9%

69.4%

30.6%

77.1%

22.9%

71.1%

28.9%

73.8%

26.2%

Han River

Nakdong River

Geum River

Sumjin River

Yeongsan River

1RQïW\SKRRQ

7\SKRRQ

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

n / N

R
u
n
o
ff
 F

ra
c
ti
o
n
 P

C
 1

 10 

 25 

 50 

 75 

 90 

0.1 0.2 0.3 0.4 0.5

ï���

ï���

ï���

0.0

0.2

0.4

���

0.8

●

●

●

●

●

●

●

●

●

●●

●

●
●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

Q��!��NQRWV�

 1
0 

 25 

 50 

 75 

 90 

0 2 4 � 8

ï���

ï���

ï���

0.0

0.2

0.4

���

0.8

R
u
n
o
ff
 F

ra
c
ti
o
n
 P

C
 1

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

n
 /
 N

���� 1975 1985 1995 2005

0.1

0.2

0.3

0.4

0.5

●

●

●

●

●

●

●

●

●

●●

●

●●●●

●

●

●

●

●●

●

●

●

●●

●

●

●●

●

●●

●●

●

●

●

●

●

●

Q�
�!
��
NQ
RW
V�

���� 1975 1985 1995 2005

0

2

4

�

8

120E 140E ���( 180E

10N

30N

50N

10N

30N

50N

120E 140E ���( 180E

Japan

China

Philippine Sea

b��)UDFWLRQDO�IORZ�YROXPH��-XQH�6HSWHPEHU�������

�G��7\SKRRQ�UXQRII�UHODWLRQVKLSc��7\SKRRQ�YDULDELOLW\�DQG�WUHQGV

•  Separation of typhoon-related precipitation and streamflow 
•  Careful consideration of typhoons and teleconnections 
•  Use of Indicators of Hydrologic Alteration (suite of metrics based on daily streamflow)

WNP Tropical cyclone and Environmental Flow Linkages 
Korean Peninsula Case Study

Kim, Jain, & Yoon, Int. J. Climatol. (2009) 
Kim and Jain, Int. J. Climatol. (2010) 
Kim and Jain, Env. Res. Lett. (2011) 
Kim et al., J. Met. Soc. Japan (2012)
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n: the number of typhoon in the Korean domain (120 E-138 E, 32 N-40 N)
N: the number of typhoon in the western North Pacific region
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Flow: typhoon-related seasonal flow volume
Fraction: typhoon-related seasonal flow as a fraction of total flow volume
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a. Geum River b. Han River

c. Sumjin River d. Nakdong River

e. Yeongsan River

Typhoons in the western Pacific strongly influence riverine ecosystem health 
Infrastructure Planning Commissions (Korea)

•  Climate adaptation and water allocation strategies needs to carefully integrate extreme events impacts. 
•  Commingled influences due to non stationary climatic extremes and altered hydrologic regimes have large 

impacts of ecosystem health—need for a proactive and careful appraisal.



Changes in seasonality: Western US streamflow 

Decision calendars enhance usability.Kim and Jain (2010), Climatic Change

(129 gauges)



• Advance water-climate research through a careful appraisal of emerging and salient 
problems and consideration of use; accrued benefits for both researchers and stakeholders!

• Adaptive management and learning within an integrated resource-hazard-stewardship 
framework offers considerable opportunities for collaboration, co-production of knowledge, 
and synthesis. 

• Hydrologic analyses and modeling informed by causal linkages to climatic drivers 
(teleconnections, identified processes, nonstationarity) is an important pre-requisite for 
impact and adaptation work related to water. 

• Decision and Environmental System Analysis with a stewardship focus broadens traditional 
water resources management and planning approaches. 

• Complexity of the sensitivity to water-environmental systems to climatic extremes require 
multiple place-based studies, and cross-comparisons to enhance the basis for knowledge 
translation.

Summary: Challenges and Opportunities


