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So Many Decisions, Actors, Impacts!




Linking Via Decision Support

Decision support: organized efforts to produce, disseminate, and facilitate the use of
data and information in order to improve the quality and efficacy of decisions
(adapted from NRC 2009, Informing Decisions in a Changing Climate).

Are forecasts and data DSS? If they are embedded
within systems to disseminate and facilitate their use
in order to improve the quality and efficacy of
decisions.

CARSOM RIVER - FORT CHURCHILL ¢FTCHZ) - ESP Trace Ensembles
Latitude: -999.0 Lon?itude: -999.5
Forecast for the period 1-902813 12h - 9-9-2813 1Zh
This is a conditional simulation based on the current conditions as of 1-9/2013
16156.8
14535.0
129268.0

CARSON RIVER - FORT CHURCHILL (FTCN2)
Latitude: 39.29° N Longitude: 119.31° W Elevation: 42] 11zss.5
Location: Lyon County in Nevada River Group:

Flood Stage: N/A | 35999

CAUTION: 8675, 8
The Information Obtained Has NOT Been Reviewed by the CNRFC.

Some Forecast Points Need a Bias Adjustment Before Use c450.8

¥ ESP Forecast Information

# Analysis Period: 1/9/2013 12 - 4/9/2013 12 (z) 4845.8

# Forecast Parameters: River Flow (Mean) - (CFS)

¥

¥ Forecast Interval: 1 Month §230.9

# Forecast Point: ON - FORT CHURCHILL,

¥

# ON - FORT CHURCHILL, 0.90 g7 18159

B e LMo s e s A il
02/01/2013 - 02/28/2013 167.68 224.6 0. o [t ol P Rt _
03/01/2013 - 03/31/2013 219.89 321.0 <
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Continuum of Weather and Climate Products
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Alternative Continuum of Climate Products
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Adapted from Zurek and Henrichs, 2007



Decision Approaches Vary Too
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Peterson et al., 2003. Conservation Biology



Decision Support Approaches for Water

Management

Decision Analysis

e Decision trees, probabilities
and costs

e Minimize expected costs

Expected Cost 1

"
Expected Cost 2
0o
%

Expected Cost 3

Real Options

e Combines decision analysis and
financial theory

e Decision tree and financial hedging

concepts

Flexible Real Cost
Investment< Plions  Analysis

Scenario Planning

e Small number of equally likely scenarios
[A, B, C, D]

e Common strategies (no regrets)

e Sign posts

*<
Present

Sign Post

Future

Robust Decision Making

Computer analysis of many
plausible likely scenarios

Iteration and hedging

Present »
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Figures from Stickel, 2010. See www.wucaonline.org




Decisions are made within a framework

TRACK RESULTS / and objectives \\
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defined Source: America’s Climate Choices.

correctly?

National Research Council, 2010.




Outputs

Outcome

KEey ELEMENTS OF AN ADAPTATION PLANNING FRAMEWORK

)
Science/ \

Frame the Issue Knowledge
Assessment
Annotated bibliography
of data/literature
= List relevant temporal -
: Down-scaled climate
g spatlal scales el
: P : Predictive ecosystem
decision needs el
Vulnerability assessment
= Agreement on scale and
focal issues Expand interdisciplinary
- Establish a core team
mterdisciplinary team- Establish scientific
managers, scienfists, foundation for decision
subject-matter making
il

Scenario

Development/
Risk Assessment

= Explore plausible future
SCEnarios

= Shared leaming

= Science agenda that
identifies and prioritizes
knowledge gaps

Action Plan/
Implementation

National Park Service, 2010. Climate Change Response Plan




Alternative Continuum of Climate Products
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Projections to Impacts

SRES A1B Winter Temperature CRB
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Actionable Science
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ADAPTATION TO CLIMATE CHANGE
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Time to Adapt to a Warming World,
But Where's the Science?

With dangerous global warming seemingly inevitable, users of climate information—
from water utilities to international aid workers—are turning to climate scientists for
guidance. But usable knowledge is in short supply

cince 25 Nov 2011

ng

mg." Mare concisely, climatologist Bruce
Hewitson of the Umiversity of Cape Town in
South Africa said that a result is actionable
science if youwould spend your own money
on it.

Behar said he finds the uncertaintics sur-
rounding actionable climate information
“fairly overwhelming” these days. And he's
having trouble coming up with intermedi-
anes between users and scientists who can
at least put the uncertainties into perspec-
tive without killing any motivation to act, he

ng

scale.

DENVER, COLORADO—The people who
brought us the bad news about climate
change are making an effort to help us figure
out what to do about it. As climate scientists
have shown, continuing to spew greenhouse
gases into the atmosphere will surely bring

Switzerland. What's needed 1s not simply
data but processed information that an engi-
neer sizing a storm-water pipe to serve for
the next 50 years or a farmer in Uganda con-
sidering irrigating his fields can use to make
better decisions in a warming world,

said. “It'sa wild, wild West in the assessment
world,” Behar said. “It’s every man for him-
self” “We're drowning in data,” Hewitson
added and “weTe not very good at tuming
it into information.”
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Projection Lineages

Studies using various approaches:
1. Seager et al. 2007, Seager et al. 2013
Paleo- 2.  Milly et al. 2005
climate data 3. Christensen et al. 2004; Christensen and

Lettenmaier, 2007; Cayan et al. 2010;
(4) boundary
() conditions

USBR 2011

Gao et al. 2011; Rasmussen et al. 2011
Gao et al. 2012

Hoerling and Eischeid 2007

Cook et al. 2004

Woodhouse et al. 2006; McCabe and
Wolock 2007; Meko et al. 2007; USBR
2011

Climate

© N vk

S. downscaling

o

Abbreviations:

GCM - Global Climate Model

RCM — Regional Climate Model

PDSI — Palmer Drought Severity Index

P — Precipitation

T —Temperature

R — Runoff

E — Evaporation

S. downscaling — statistical downscaling

Land
surface

GCMs, Emission scenarios,
Spatial resolution
Land surface representation

Management
Impact

Figure from Vano et al., BAMS, 2013
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Different Scenario Approaches

Characterizing Uncertainty Embracing Uncertainty Reducing Uncertainty

SRES A1B Winter Temperature CRB
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Risk Management Perspective

Where all quantities are
based on 1981-2010

Two Category Forecast
Decision = F ( -25[|quantile<50]+ -75[|quantile50>])

Three Category Forecast
Decision = F (.13[lquantile<as ]+ -33[lquantilezs.ge]t -D3[quantilesgg])

Strategies: benefit from more categories, if sufficient skill

Ideal: customized percentile categories




Probability of Exceedance Outlook

MEAN TEMPERATURE OUTLOOK FOR JFM 2013

0.5 MONTH LEAD QUTLOOK — MADE Dec¢ 20 2012
Climate Division 102 (Southern New Mexico)

Point forecast: 46.73 F | Ziler 8500 | | 50% canf interval: 45.73 °F ta 47.72 °F
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Dynamic POE Outlook: http:/forlond.arid.arizona.edu/DynamicPOE/

@ Choose your U.5. climate division

& dec_2010_2_precip_FMA_2011_large.gif (450x375) .. | [ e

-

() fettest.hwr.arizona.edu/fet/forecasts/precip/seasonal/2011/large/dec_2

3 MONTH MEAN PRECIPITATION OUTLOOK

1.5 Month Outlook for Feb-Mar-Apr 2011
Issued Dec 2010
Climate Division S_New_Mexico 102

February - April 2011
Precipitation

Submit

100

o
=

prolxability of exgeedance (50)

T100

Tal

Te0

140

T20

precipitation {inches)

| Ohserved Data — CPC Seasonal Forecast — Curve fit ko 0I:uservatiu:uns|

@ Customize your graph

P Interval analysizlets you focus on information between two
= values

(") Select the probability (%) interval:
(") Select the variable (Temp, Predp) interval:
(@ 3F-category (terdle) forecast, Similar to the linked products  (dkd) (ks

= Threshold analysislets you focus on information above or below
- a single value

Forecast Statements

Comparative Statements

here iz a 54.4 % chance that the total =easonal
precipitation will exceed 1 inches (the bottom third of
ob=ervations from the climatological reference period,
i.e. the below median category) and a 19.9 % chance
hat it will exceed 1.8 inches (the middle third of
ob=ervations from the climatological reference period,
i.e the near median category). There iz a 34.5 %
chance that it wil be within 1 inches and 1.8 inches .

[The chance of precipitation greater than 1 inches (the
bottom third of the observations from the climatelogical
reference peried, i.e. the below median category) differs
by -12.3 % from the probability based on the observed
climatological reference period, and the chance of it
greater than 1.8 inches (the middle third of the
ob=ervations from the climatolegical reference period, ie.
the near median category) differs by -13.5 %.



http://forlond.arid.arizona.edu/DynamicPOE/

Risk Management Perspective

Forecast for “Normal Conditions”
Decision = F ( 1.00[Imean] )

Where all quantities are
based on 1981-2010

Forecast for “Equal Chances”

Decision = F ( .33[|quanti|e<33 ]+ .33[|quanti|e33_66]+ -33[|quantile66>])

Forecast for “Unknown Chances”

Decision = F (?[|quantile<33 ]"' ?[lquantile33_66]+ ?[lquantile66>])

Strategies: hedging, local studies, new research




Flow Chart for Using Outlooks
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http://fet.hwr.arizona.edu/ForecastEvaluationTool/

Online Forecast Evaluation Tool
Ta ke th e Tuto r| a | Advance warning of climate or hydrologic events can help you avoid

losses or allow vou to take advantage of unigue opportunities, This

wiebsite will help yvou get the most use out of a variety of different

forecasts,

Which forecasts are you interested in?

¥ seasonal Clirmate Forecasts

' seazonal water Supply Forecasts (corming)

T Sessonal Snow Forecasts [caming)

Forecast Interpretation Tutoral

To get the most out of forecasts, it's important that vou
interpret therm correctly, But sorme forecasts can be confusing,
Use our tutorial or take a quiz to make sure you understand

the forecasts,
Begin Tutarial

What aspect of the forecasts are you interested in?

- Explore the Forecasts
Take alook at sorme of the forecasts, You select the seasons and lead tirmes that are
irmportant to you,

" How do the forecasts relate to my specific situation?

See how a forecast for your location compares to recent conditions and historic data, Use
examples from the past to see what the future might bring,

Wie are interested in improving the dialogue between
researchers, forecasters, and users of their producks, Wwe
encourage you to e-mail us with questions and comments

————————————————————————————————e -0

(¥ Forecast Performance

% Researchers have a lot more to learn about how our
wark, Although past performance does not guarantee future

FO reC aSt Pe rfo r m an C e w how well farecasts have warked far your particular

. . . . |De|.:i.sic.|ns [coming) . .
Y CI I m ate O u tl O O k d IVI S I O n S :Zaubslgztléi;?;?;.::?‘iiezzl:t:emon shows examples of how
([ J L 3 M TO S t at i O n S !de and what researchers are doing to improve the

¢ Drill down to data pOintS i GetForecast nfo




CPC Verification Web Tool
URL: to be released soon!

New Features
e Grid based
This is an mteractive tool that allows users to calculate the skill of forecasts. which is a relative measure of how the forecasts paformed Knowledge of = 6' 1 O d ay, 8 - 14 d ay O U t I 0 O kS

forecast skill can help users when using forecasts for decision making.
Instructions for use: O Monthly, Seasonal OUtIOOkS

Select type of skll score output display deswed ("Chart” or "Map")

For "Chart”, select region(s) to venfy ("Climate Remions", "States”,"Clunate Divisions"), For "Map", select dates(s) to venfy ("Date L4 Ad d It I 0 n a | m et rl CS ( re I I a b I I Ity)

Range" "Months Seasons & Years" "Climate Phenomena™).

CPC Verification Web Tool (VWT)

1o

-

. Select Forecast and Ventfication Options.

. Chick the "Get Scores” button. CP€ Vel‘iﬁcaﬁon web Tool (VWT)

Click here for more information

-~

Thes 15 an mtezachve ool that allows users to caleulete the shall of forecasts, whneh 1= 4 relstive measure of how the forecasts peformed Knowledze of
forecast sioll can help users when using forscasts for decision maiking

Tutorial

Instractions for use:

L. Select type of skill score output display desirsd {"Chart” or "Map™).

For "Chant”, select regron(s) to venfy {"Camate Regrons","States”,"Chmate Dyvisiens™). For "Map”, select dates(s) to venfy ("Date
Rangze","\onths Seasons & Years™."Climate Phenomena”)

3. Select Foracast and Venfication Options

Climate Ré[io.s 4. Click the "Get Scores" butten.

( 2 ) Select regioll Chick here for more information

To unselect. vou must clear all regions by chekan
venfied by default.

Options

Forecast options

Chart Tutorial

Field [?] temperature [+ =

Period [ ?] 5-10 Day Period [=]

Lead time [ 7] @ 3 days .

Data format [ ] e B @ Options Valid Dates

Forecast(s) 7. CPC Official (Manual) Forecast options Dates represent the center of the valid period of the forecast(s) to vesify.
(Selectupto4)[?] CPC Official (Auto) Field [7] temperature [+ o Startdate[?]

Period [*] 6-10 Day Pericd [+] o Enddate|?]
Lead time [ 7] @ 5 daye
Data formar [ 7] station |v)

Select forecast models

Forecast(s) @ CPC Official (Manual)

0 (Selectene) (1) © CPC Offizial (Auto)
Saloot forscast models
Enddate [ 7] )|
L Verification options
on(s) [ * [
eg! All Skill Score [?] hesdka
Skill Scare | 7] heidka B Forecast categories include sl [=]
i 1]
Forecast categories include all B e
) Get scoras |

Get scores




Flow Chart for Using Outlooks
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Outlook Performance History — All in One Plot!

All Precipitation Forecasts for CPC region 2, NorthEast New England
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Visualization of Hydrologic Outlook Performance

Evaluated historical water supply outlooks
from 54 forecast points within the Colorado
River Basin that forecast and observation
records longer than 10 years (red circles).
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