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World Climate Research Programme

Mission & Objectives

World Climate Research Programme supports climate-
related decision making and planning adaptation to
climate change by coordinating research required to
improve

G

(1) climate predictions and
(2) our understanding of human influence on climate

“for use in an increasing range of practical applications of direct
relevance, benefit and value to society”
(WCRP Strategic Framework 2005-2015).



@ I @ <~ icsu

N | e R R

World Climate Research Programme

Mission & Objectives

World Climate Research Programme supports climate-
related decision making and planning adaptation to
climate change by coordinating research required to
improve

W

(1) climate predictions and
(2) our understanding of human influence on climate

“for use in an increasing range of practical applications of
direct relevance, benefit and value to society”
(WCRP Strategic Framework 2005-2015).



The Belmont Challenge

To deliver knowledge needed for action to mitigate and
adapt to detrimental environmental change and extreme
hazardous events.

This requires:

eInformation on the state of the environment, through
advanced observing systems;

eAssessments of risks, impacts and vulnerabilities, through
regional and decadal analysis and prediction;

*Enhanced environmental information service providers to
users;

e|nter-and transdisciplinary research which takes account of
coupled natural, social and economic systems;

*Effective integration and coordination mechanisms, to
address interdependencies and marshal the necessary
resources.
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WCRP OPEN SCIENCE CONFERENCE

CLIMATE RESEARCH IN SERVICE
TO SOCIETY

Monday: The Climate System Components and
their Interactions

Tuesday: Observation and Analysis of the Climate
System

Wednesday: Assessing and Improving Model and
Predictive Capabilities

Thursday: Climate Synthesis and Assessments

Friday: Translating Scientific Understanding into
Climate Information for Decision Makers
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e Science

Defined as: data, analysis, and forecasts that are sufficiently predictive, accepted and
understandable to support decision-making, including capital investment decision-making.

&2 World Climate Conference-3, OceanObs ‘09, ICSU
Review and Visioning, acknowledge WCRP past

contributions and identify future challenges and
opportunities.

W

Need for more flexibility/agility to respond to expanding
users needs, that includes information:

« Atregional scale

* For key sectors of global economy

o For adaitation, mitiiation and risk manaiement



Grand Challenges

Seamless prediction from global to regional scales

Seamless Ensemble Prediction
is about quantifying and
understanding uncertainties in
climate projections on a range
of time scale (monthly to
seasonal, decadal and long-
term). Where it is feasible and
justified, this involves making
probabilistic projections from
observations and ensembles
of climate model simulations,
so decision-makers can use
them in risk-based approaches
for planning their adaptation
and mitigation strategies.
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The World in Global Climate Models
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Grand Challenges

Regional sea level rise

Yearly sea level anomalies (mm)

Multi-decadal ( >10 yrs ),
-- decadal ( ~10 yrs ) and
CSIRO . . i
=== Jevrejeva et al. (2006) (smoothed) interannual varlablllty (
Holgate and Woodworth (2004) 1
Satellite altimeter (T/P + J-1 + J-2) <10 yrs ) superimposed on
Simple averages - . o
SRR a multi-century rising
trend (1880-2009) of
about 2.1 mm/yr (Church
and White, 2011). Larger
uncertainties (less
observations) in the

earlier part of the record.
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If sea level were to rise as much as 1-meter (3.3 foot), the areas

in pink would be susceptible to coastal flooding. With a 6-meter

(19.8 foot) rise in sea level, areas shown in red would also be
susceptilbe. The pie charts show the percentage area of some

cities that are potentially susceptible at 1-meter and 6-meter sea /ﬁh
level rise. Source: National Research Council, 2010a. i
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Thermosteric Sea Level Trend [mm/yr] 1993 - 2009

Decadal & mu
Variability
(Weiqing Han et al.,
Colorado, 2011)
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Change for U:S. Naval Forces

ADM Frank L. (SKip) Bowman, USN (Ret.), and
Dr. Antonio J. (T.ony) Busalacchi, Jr.
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Courtesy of NOAA

Much like global mean temperature, global mean sea level is a
convenient metric but tells us little about future sea level rise on regional
scales

In addition to thermosteric changes, regional sea level rise will be
influenced by changes to:
e Storm surge
Ocean circulation
Atmospheric circulation and storm tracks
Tidal amplitudes
Subsidence

Taken together, regional sea level rise can be 10X the global mean



Grand Challenges

Extreme Events

U.S. Drought Monitor J'a™ay.24,2012
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Y Al National Integrated

Drought Information
System (NIDIS)

Intensity
| DO Abnormally Dry
| D1 Drought - Moderate
D2 Drought - Severe
D3 Drought - Extreme
D4 Drought - Excephona

Craught fmpact Tymes

r~' Delineates dominant impacts
5= Shor-Term, typically <& months
e.q. agriculture, grasslands)

L = Long-Term, typically =6 months Change in P-E (2021-2040 minus 1950-2000)
{e.qg. hydrology, ecology)

. Pt = 28
5 r/ -\_.
. .. . P® &
The Drought Monitor focuses on broad-scale conadifions. e N oo g g
Lacal conditions may vary. See accompanying text summary '
for foracast statements Released Thursday, January 26, 2012
http:Hd roug htmonitor.unl.edu/ Author: Eric Luebehusen, U.S. Department of Agriculture

Change in precipitation (P) minus surface

evaporation (E) for the 2021-2040 period minus the

average over 1950-2000. Results are averaged over

simulations with 19 different climate models. P-E is

the net flux of water at the surface that, over land,

sustains soil moisture, groundwater and river runoff. ; : p— _“..
Figure by N. Naik. ' ' '
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Higher Emissions Scenario® Projected Temperature Change (°F)
From 1961-1979 Baseline

Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)

Lower Emissions Scenario®! Projected Temperature Change (°F)
From 1961-1979 Baseline

Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)

All Maps
CMIP3-C®

Coupled Model
Intercomparison Prc
Three (CMIP3) climate
models using two emis
scenarios from the
Intergovernmental Pane
Climate Change (IPCC) Sy
Report on Emission Scenc
(SRES). The “lower scena
here is B1, while the “hig
is A2. The brackets on tt
thermometers represer
likely range of model
projections, though |
higher outcomes a
possible.
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other year

frequently k
the end of
century”

Number of Years Between Events

1 2 3 4 5 6 7 8 9 10 >10

CMIP3-A%

Simulations for 2080-2099 indicate how currently rare extremes (a 1-in-20-year event) are projected to become more
commonplace. A day so hot that it is currently experienced once every 20 years would occur every other year or more

frequently by the end of the century under the higher emissions scenario.®!
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Days Per Year Over 90°F

. Lower Emission Scenario®
Boston, MA B Higher Emission Scenario®’

Days over 100°F

. &

1961-1990 2070-2099

1961-1990 2010-2039 2040-2069 2070-2099

Hayhoe et al >*°

The graph shows model projections of the
number of summer days with temperatures
over 90°F in Boston, Massachusetts,
under lower and higher (referred to as
“‘even higher” on page 23) emissions
scenarios.91 The inset shows projected
days over 100°F.3>°
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Percentage Change in Very Heavy Precipitation

0-10% 10-20% 20-30% 30-40% 40-50% >60%
Updated from Groisman et al."

The map shows the percentage increases in very heavy precipi-
tation (defined as the heaviest 1 percent of all events) from 1958
to 2007 for each region. There are clear trends toward more very

heavy precipitation for the nation as a whole, and particularly in
the Northeast and Midwest.
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Summer

Percent Change CMIP3-A%

<-40-35 -30 -25 -20 15 10 -5 0 5 10 15 20 25 30 35 >40

The maps show projected future changes in precipitation relative to the recent past as
simulated by 15 climate models. The simulations are for late this century, under a higher
emissions scenario.®’ For example, in the spring, climate models agree that northern
areas are likely to get wetter, and southern areas drier. There is less confidence in ex-
actly where the transition between wetter and drier areas will occur. Confidence in the
projected changes is highest in the hatched areas.
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Projected Changes in the Intensity of Precipitation
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B Higher emissions scenario®
[0 Lower emissions scenario®
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Lightest Moderate Heaviest

10 20 30 40 50 60 80 90 100
Percentile

CCSP SAP 3.3%

The figure shows projected changes from the 1990s average to the 2090s average in the intensity of precipitation in North
America displayed in 5 percent increments from the lightest drizzles to the heaviest downpours. As shown here, the lightest
precipitation is projected to decrease, while the heaviest will increase, continuing the observed trend. The higher emission
scenario® yields larger changes. Projections are based on the models used in the IPCC 2007 Fourth Assessment Report.
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Grand Challenges: Prediction of the Earth System

Vulnerabilities & Consequences
of Climate Change

GOALS:

e Deliver knowledge to respond to global change
e Engage a new generation of researchers

* Transition to the full range of sciences and &
humanities i




A Coupled Regional Earth System Model (RESM) for Predictions and Projections of
Natural-Human System Interactions overthe Chesapeake Bay Watershed

Drivers —

Seasonal-
to<ntsar-
annual Pre-
dictions-
GENS,
CFS,
GMAO,
ECMWF

Climate
Change
Projections
- CMIP5

Natural System

Hydrology

Biosphe -

Upper o{.ea:: b
Crop _-DSSAT _
Sediments Mhem

DecCen climate projection

ISI climate prediction

2030 2050

Natural-Human

Interactions

Interactive natural-human system
variability, change, extremes

Climate-Food-Infrastructure-
Transportation feedbacks

Adaptation, mitigation under
uncertainty - costs, benefits

Quantitative system vulnerability-
reslience optimization

Uncertainty Quantification across
natural-human components

Probabilistic predictions-
likelihoods, scenarios and
policy options

Coupled
RESM

Science Drivers: 1960= 2050

RESM Forecast Use and Usability
Floods & droughts, Heat & Cold
waves, Crops, Infrastructure-
Transportation Needs, Urban &
population growth, Sea level rise

Human System

Regional Earth System Model (RESM) framework for predictions and projections of
natural-human system interactions over the Chesapeake Bay watershed. The
Natural System is represented by CWRF and is fully coupled with transportation-
infrastructure and vulnerability-resilience models. Predictions and projections from
days to decades will be delivered to users from various sectors.




Exopenous Land Use Transportation
Parameters Policies Policies

Land Use Transportation
Model Model

Impact Model Suite
Energy
Consumption
Resources
Fiscal Impact

Climate Impact

Measures of Impacts —

A state-of-the-art model to represent the human
system components of land use, transportation, and
infrastructure that are being coupled to the natural
system model CWRF. Together with the
Vulnerability-Resilience Indicator Model, the RESM is
a comprehensive prediction-projection model with
natural-human system interactions.




Summary

e Climate science in the future will transcend the physical,
natural, and social sciences

* The concept of Climate Services has influenced the need
for Actionable Climate Information in response to the
needs of end users, with an emphasis on the time scales

from years to decades
e Greater emphasis on the regional scales

e Greater emphasis on the attribution and prediction of
extreme events
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