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Usable Knowledge to address water problems

The missed opportunity matrix for
reconciling supply and demand*
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*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
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Usable Kknowledge to address water problems

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

Complexity and human dimensions: Demands on research and policy

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



Usable Kknowledge to address water problems

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

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



Usable Kknowledge to address water problems

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

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

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



Usable Kknowledge to address water problems

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

Complexity and human dimensions: Demands on research and policy

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
e (Coastal Maine
e C(ity 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
e (ity 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 1s 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

Delineated Knowledge System to support community-based

adaptation with a focus on stormwater infrastructure

Retrospective & IPCC simulation-based
Maine’s Climate Future Report (2007) /7 Assessment of Extreme Precipitation Events
W

Maine Sea Grant Coastal Assets’ Typology of record-breaking events:
Building a Resilient Coast: Vulnerability ~ Importance of Atlantic hurricanes

Maine Confronts Climate change Bayesian Markov Chain Monte Carlo

Methodology for Atlantic Hurricane Counts

! Survey On Survey w Maine DOT | =» Design Methods sl:

| < GrarfCIimate Coastwide Survey (n =71): | USDA/NRCS Mvd S— y

* Network Town managers and officials | Maine IFW °. ‘? Ing Tools to .gu' e
\|/ \ decisions/Adaptation

Extreme Storms/Flooding
Adequacy of Infrastructure: \ Town Focus Groups &
Culverts Interviews

|

Complexity of Governance & Financing?
Culvert Repair Replacement, Planning

4

Decision calendars &
processes
! v

/ = —% Governance Mapping
Maine DOT

Initial Scoping Exercise

Lincolnville
Portland "

State PIannlng Offic
Maine Emergency E. Maine

Management Agency Development Corp. -




Hurricane Irene
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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).



Extremes: Record Sewage Overflows

T e o
Rank  State City Facllity Volume (gallons)  Cause Type
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Climate Central (2013)



Time-varying return periods
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o Extreme rainfall can be statistically modeled to incorporate changing baselines
o First step towards a design toolbox that incorporates dynamic risk (changes over time)
o Short record length

Dhakal and Jain (2014, under preparation)



Temporal changes in seasonality

—— EPDF (1951-1980)
—— EPDF (1981-2010)

Short record length

Dhakal et al. (2014, in review)

Date of annual maximum precipitation events
Nonparametric statistical framework to assess changes and characterization of PDF

Aligns with culvert maintenance calendars

— 1951-1980
— 1981-2010
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Culvert maintenance calendar

CULVERT MAINTENANCE
CHECKLIST FOR CULVERT MAINTENANCE AND REPAIR
Poorly working culverts can cause flooding ROUTINE SEASONAL
during heavy rains and significantly damage CULVERT MAINTENANCE
roads and bridges. Even during normal wet
weather, a crushed or plugged culvert that SPRING

allows water to back up in roadside ditches will  Inspect the inside as well as both ends of the
contribute to the deterioration of the road as pipe.
the standing water prevents further drainage * Remove blockages (trash, brush, cornstalks,
from the road base and subgrade. A soft base or etc)

subgrade will “give” under traffic, hastening
breakup of the pavement. SUMMER
* Remove blockages.
Inspect your culverts at least once ayear. After o Clean and flush the length of the pipe.
the inspection, prioritize the repair and e Repair, improve, or install headwalls, pipe

maintenance they need, and schedule the work ends, and splash pads.

through spring, summer, and fall. Belowisa ® Trim and remove brush at pipe ends, and mow

general maintenance schedule and guide to grass and weeds.

culvert repair. Both were developed by the * Cut and remove trees and limbs that threaten

Maine LTAP Center and are presented here to fall and block upstream ditches.

with permission ® Establish vegetation on bare slopes at pipe ends.
3 - : * Add fill to cover pipe more thoroughly.

FALL

* Remove blockages.

® Mark headwalls or pipe ends for snowplow
operators.

@ 1 JUNE 1, 2007

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



Climate Change Impacts in the United States

C H A PT E R 1 6 MAINE’S CULVERTS: AN ADAPTATION CASE STUDY
N O R T H EAST Culverts and the structures they protect are receiving increasing attention, since they are vulnerable to damage during the

types of extreme precipitation events that are occurring with increasing frequency in the Northeast (Ch. 2: Our Changing
Climate, Key Message 6; Ch. 5: Transportation). For instance, severe storms in the Northeast that were projected in the
1950s to occur only once in 100 years, now are projected to occur once every 60 years.*”

16: NORTHEAST

The Maine Department of Transportation manages more than 97,000 culverts, but individual property owners or small
Convening Lead Authors towns manage even more; Scarborough, Maine, for example, has 2,127 culverts. When 71 town managers and officials

) ) ) in coastal Maine were surveyed as part of the statewide Sustainability Solutions Initiative, culverts, with their 50 to 65
Radley Horton, Columbia University

year expected lifespan, emerged atop a wish list
. . . 101
Gary Yohe, Wesleyan University for help in adapting to climate change.

A research initiative that mapped decisions by
town managers in Maine to sources of climate in-
formation, engineering design, mandated require-
ments, and calendars identified the complex,
multi-jurisdictional challenges of widespread ad-
aptation for even such seemingly simple actions
as using larger culverts to carry water from major
storms.*™ To help towns adapt culverts to expect-
ed climate change over their lifetimes, the Sus-
tainability Solutions Initiative is creating decision
tools to map culvert locations, schedule mainte-
nance, estimate needed culvert size, and analyze
replacement needs and costs.

|
3
s
b
3
2
i
g

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




Climatic drivers of lake water quality transitions

Where is Earth’s Water?

Surface/other Atmosphere Living things
Freshwater 2.5% freshwater 1-2% 3.0% \_ 0.26%

B Rivers
0.49%

Swamps,
marshes
2.6%

Soil
moisture
3.8%

Total global Freshwater Surface water and
water other freshwater

Source: Igor Shiklomanov's chapter "World fresh water resources” in Peter H. Gleick (editor),
1993, Water in Crisis: A Guide to the World's Fresh Water Resources.
NOTE: Numbers are rounded, so percent summations may not add to 100.

¢ 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
e lHigh water quality (no infrastructure for advanced water treatment)
e Significant incidence of early ice out in Maine
* Longer ice-free season increases the radiative heating of the lake
e (Commingled influences from within lake biogeochemical processes and
nutrient loading from surrounding watershed.
* lce out date 1s an important threshold process that can lead to sudden and
dramatic changes in lake phytoplankton.



Early Ice out and lake water quality transitions

A TENTATIVE MODEL OF THE IMPACT OF AN UNUSUAL EARLY ICE OUT EVENT

LESS NUTRIENT AND WATER WINTER
FOR D/S DELTA PONDS TELECONNECTIONS
(**) (GLOBAL (ENSQ),
REGIONAL (TNH, NAO) ) + INCREASE IN COST OF
LOCAL AIR TEMP. TRANSPORTATION
B *)
| NO OR SHORT ICE JAM
PERIOD _(**) MILDER WINTER CLIMATE LESS REVENUE TO LOCAL
(**) BUSINESSES FROM WINTER
< RECREATION (**)
CHANGE IN WATER BALANCE
(EVAP, WATER RESIDENCE NO OR SHORTER
TIME, W.L.) {}j DURATION OF ICE COVE | LESS WINTER FISH KILLS
(**) (**) (**) LESS LAKE SHORE
PROPERTY PRICES
* ¥
LAKE THERMAL MORE PHYTOPLANKTON LESS WATER QUALITY
STRUCTURE (WATER BIOMASS — (**)
TEMP, DEPTH OF (**)
STRATIFICATION) HIGHER WATER
(**) TREATMENT COST
(**)
CHANGE IN BIOMASS OF | LESS MACROPHYTES |
LESS COLD WATER SPECIES CHANGE IN NUTRIENT ZOOPLANKTONS (**)
(**) AVAILABILITY (**)
(**)
CHANGE IN HIGHER
TROPHIC LEVEL SPECIES
*- LOW CONFIDENCE LEVEL (FISHES... )
*%- MEDIUM CONFIDENCE LEVEL (**)
*%¥- HIGHTCONFIDENCE LEVEL SOURCE: VARIOUS PUBLISHED ARTICLES
E:> {}:} ARROW & FILTER (LAKE CATCHMENT, MORPHOLOGY, HISTORY, GEOGRAPHICAL LOCATION)

Mussie Beyene



Climatic drivers of lake water quality transitions

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

Beyene and Jain (2014, in review)

AFDD (DJF)
125 - 6 \

v g @Vé‘& gf\\
//& X% udif%
i @ [ TN g
% ) \a‘ N %
| WY s

CYRSEPI SR

Regression Coefficient

-28 -4 -0 -16 -1 -8 -4 0 4 8 12 16 20 R_4 28

T — T T T T T
150w 120w o0w 60W 30w 0 30E 60E

T f
90E 120E

I [
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

T
150E

1
180



Climatic drivers of lake water quality transitions

lce-out date linked to large-
scale atmospheric circulation
and oceanic temperatures.

Season-ahead predictability
likely to offer significant
opportunities for planning.

Temperature thresholds
identified.

Current work

Thresholds and transitions
within a nonlinear dynamical
lake model (Scheffer, 2003)
linked to ice-out seasonality.

a. Lakes in Maine

F 47.5° b. Number of Lakes having their earliest ice out event
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Fig 1a. The average 500mb geo-potential height and surface temperature Fig 1b. The average 500mb geo-potential height and surface temperature
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Fig 1c. The average 500mb geo-potential height and surface temperature Fig 1d. The average 500mb geo-potential height and surface temperature
anomalies during lower quartile NAO phases for the period 1950-2010. anomalies during upper quartile NAO phases for the period 1950-2010.
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Inclusion of ecosystems as stakeholders:

Chmate Enwronmental Flow Linkages

Available online at www.sciencedirect.com Current Opinion in

Environmental

ScienceDirect Sustainabili

F1SEVIER
Environmental flows in the Anthropocence: past progress and

future prospects
N LeRoy Poff' and John H Matthews?

Environ Biol Fish gh the and timing of flow releases from water infrastructure (e.g.
DOI 10.1007/s10641-014-0243-x 1s and dams) to restore natural [1°] or normative [2] flow regimes
fing to that benefit downstream river reaches and their riparian
rloss oo 2 4%*1 The general and pragmatic nature of
5) 1as allowed for flexibility to encompass

methods and to promote synthesis
§crse approaches. Arguably, the

Resource

Ain’t no mountain high enough: the impact of severe typhoon
on montane stream fishes

Jeng-Ping Chen « Colin Kuo-Chang Wen «
Pei-Jie Meng - Kah Leng Cherh - Kwang-Tsao Shao
BT e ECOSYSTEMS

© 2011 Springer Science+Business Media, LLC

WATER

Protecting Indigenous Values AT
in Water Management: A Challenge waer fis =IUt E

. . l oy Management
to Conventional Environmental Flow (& Moo o

Assessments cs of the Y
0 STOveL: Stewardship

)y endemic

Marcus Finn'* and Sue Jackson? Hazard

'CSIRO Ecosystem Sciences, GPO Box 284, Canberra, ACT 2601, lia; CSIRO E: ) I PMB 44, Winnell
NT 0822, Australia

ABSTRACT

Although environmental flow assessments and or rarity may be important, it is common and
allocations have been practiced in Australia for widespread species that make substantial contri-
nearly 20 years, to date they have not effectively butions to indigenous household incomes through
incorporated indigenous values. In many cases, customary use. The second challenge is to accom-
even though indigenous people rely substantially modate a different set of management objectives in
on aquatic resources, environmental flows have environmental flow allocation. Environmental

been assumed to be an acceptable surrogate for the flows will need to meet the requirement of hunting
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Tropical cyclones and climate change

Thomas R. Knutson'*, John L. McBride?, Johnny Chan?, Kerry Emanuel*, Greg Holland®, Chris Landsea®,
Isaac Held', James P. Kossin’, A. K. Srivastava® and Masato Sugi’

Factom ichange In hurtane feguency
o o
—
oo
8

Whether the characteristics of troplcal cyclones have changed or will change In a warming climate — and If so, how — has at
been the subject of conslderable Investigation, often with conflicting results. Large amplitude fluctuations In the frequency and DEEOMBLE  CM2] TADCMG  ECHAME
Intensity of troplcal cyclones greatly complicate both the detection of long-term trends and their attribution to rising levels of

atmospheric greenhouse gases. Trend detection Is further Impeded by substantial limitations in the avallabllity and quality of b o= mma
global historical records of troplcal cyclones. Therefore, It remains uncertaln whether past changes In troplcal cyclone activity 7 1 o3
have exceeded the varlabllity expected from natural causes. However, future projections based on theory and high-resclution o} : ] -cuw
dynami cal models conslstently Indicate that greenhouse warming will cause the globally averaged Intensity of tropical cyclones - : i e
to shift towards stronger storms, with Intensity increases of 2-11% by 2100. Existing modelling studles also consistently project ~ T [ 3 GFDL
decreases In the globally averaged frequency of troplcal cyclones, by 6-34%. Balanced against this, higher resolution modelling £ 2f : Jmoc
studies typically project substantial Increases In the frequency of the most intense cyclones, and Increases of the order of 20% = s
In the precipitation rate within 100 km of the storm centre. For all cyclone parameters, projected changes for Individual basins g 1 =
show large varlations between different modelling studies. ; o . . II-
|
o -of . ]
|
| : :
4 (]
-30F : 1
|
40 103% 2% 1 s ses 138%
]

L L L 1 1 1

Atlantic East Pacific™ Wiest Pacific , North indian  Scuthem
L mmm? Hamisphare

Figure 4| Sensitivity of projected tropical cydene activity to difforent
climate modals providing downscaling conditions. a, Projected fractional
change in North Atlantic hurricanes (Jate twenty-first century) wsing
2 global atmospheric moedel to d ale SST projections from three
individual climate models or from an 18-model ensemble. The twe
projections for each case (red and blue) used different controls based on
different observed SST data. The vertical bars dencte 90% confidence
intervals. Reproduced with pamissicn from ref. 29 (© 2009 AMS).
b, Approximate percentage change in tropical cyclens power dissipationin
various tropical storm basins projected for the late twenty-second century
using 2 statisticaldynamical downscaling framework forced with dimate
change statistics from seven glcbal models. The change here is given as
100 multiplied by the logarithm of the ratio of the twenty-second- (A1B)
and ieth-century power dissipation (see ref. 11). Reproduced with
permission from ref. 11 (2 200E AMS).

e \Western North Pacific typhoons expected to increase in frequency.
¢ |ndicators of Hydrologic Alteration sensitively linked to typhoon variability
e Translation of typhoon impacts for future ecological impact assessment critical.



WNP Tropical cyclone and Environmental Flow Linkages
Korean Peninsula Case Study

a. Map of study region b. Fractional flow volume (June-September)
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Kim et al., J. Met. Soc. Japan (2012)

n/N n (>64knots)

n: the number of typhoon in the Korean domain (12OOE-138°E, 380N-4OON)
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)

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



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

b. Han River

Climate Indices

T |
I Typhoon Statistics

a. Geum River
Climate Indices

Typhoon Statistics
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n/N N n>64kt Flow Fraction EA-WR n/N N n>64kt Flow Fraction EA-WR

- B D B D O @ ODBA® Q - e

021 0.08 0.27 0.56 0.06 =-0.5 0.18 009 0.19 0.33 -0.08 -0.47

H .
Bl wm-ODBBO ® — i
L_CL 03 027 0.02 022 0.24 -0.07 022 021 0.28 0.28 0.28 0.07
& | ramr - D OO QO Rp—
0.13 -0.06 0.23 0.4 -0.07 -0.41 0.28 0.15 0.17 0.27 -0.05 -0.34
Duration — @ @ @ @ — Duration

0.07 -0.09 0.19 0.39 -0.08 -0.37 028 0.14 0.17 0.26 -0.06 -0.32

c. Sumijin River d. Nakdong River

n/N N n>64kt Flow Fraction EA-WR
|

CYCICY 1C)

N n>64kt Flow Fraction EA-WR
| | | | |

<D @ — Maximum

/
| | |
033 0.16 047 0.64 0.26 -0.49 .13 029 0.78 0.48 -0.34

Q
Timing—@ @ @ @ @ gg Q 9 g"‘Dz 92 029
ODODOD
@

— Timing
0.11 -0.02 -0.04 0.18 0.16 -0.36
Frequency — @ @ O @ — Frequency
0.16 0.02 0.33 0.52 0.17 -0.52 0.22 0.31 0.74 0.42 -0.39
Duration — @ @ @ — Duration

0.13 0.01 035 055 02 -051 022 0.36 0.77 0.46 -0.31

e. Yeongsan River
Correlation Coefficient

-10 -08 -06 -04 -02 00 02 04 06 08 1.0

CICILY Yol
m-BOBRDE
ey - () O B P B &
ownn = (O ()

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

n>64kt: the number of typhoon in the Korean domain (maximum wind speed>64knots)
Flow: typhoon-related seasonal flow volume

Fraction: typhoon-related seasonal flow as a fraction of total flow volume

EA-WR: phase of the East Atlantic-West Russia atmospheric teleconnection pattern

e Climate adaptation and water allocation strategies needs to carefully integrate extreme events impacts.
e 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 1n seasonality: Western US streamflow

Kim and Jain (2010), Climatic Change
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Summary: Challenges and Opportunities

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.



