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Summary for Policymakers

IPCC WGI Fourth Assessment Report

Observational
Evidence:
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Changes in Temperature, Sea Level and
Northern Hemisphere Snow Cover
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Historical global temperature changes
radiatively forced: long-term warming largely
anthropogenic
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Regional SAT Warming Radiatively Forced

=
=

&

Temparaluns anamaly ["C)
Temperabere anomaly *Gh
2 et hes
Tamparalum aramaly |"Ch
[=]
(=]

= 1250 209 IPCC-AR4

1900 'I'Iﬂl .Eﬂl.'.ltl 1804 1580 H;HI-
aar Windar aar
- midels uking anly nalunal farcings ohsarvalions (2007)
D0 00T WG -ARA

modals wsing both ratural and anthropagenic farcngs

Applying IPCC-class Models to Fisheries, Princeton, NJ
Gabriel A. Vecchi, NOAA/GFDL

15 June 2009



Radiative forcing and global temperature

(ppb) (ppm) (TgSyr) (TgCH, yr) (GtC yr")

(ppb)

30
20

0
800
600
400
200

100

50

1000
800
600
400

3000
2000

1000

400

300

Greenhouse gas emiss.

History A1B

A1Fl

Fossil CO, Emissions

CH, Emissions

T

SO, Emissions

st

CO, Concentrations

CH, Concentrations

N,O Concentrations

TS

__—

Greenhouse gas conc.

15 June 2009

Radiative forcing
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Projections of Future Changes in
Climate

B1: 2020-2029 B1:2090-2099

Projected warming
in 21st century
expected to be
greatest over land
and at most high
northern latitudes
and least over the
Southern Ocean
and parts of the
North Atlantic
Ocean
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1970-2000 7

How can IPCC-type models 25 cutne
best be used to guide our long- ' —
term outlook on fisheries?

Example: Higher Emissions
Statistical Projection of Cod '
Habitat Based on Water

Temperatures Suitable for Cod

B adult cod B young cod full lines: suitable dotted lines: marginal
thermal habitat th | habitat . .
e . sl Source: NECIA, 2007 (see: www.climatechoices.org/
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Resolution of GFDL-CM2.1 Ocean
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Image Credit: Jeff Schmaltz, GFDL-CM2.1 40-m upwelling and currents
MODIS Rapid Rse Team, NASSFC
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Slide: Keith Dixon
NOAA/GFDL
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http://www.gfdl.noaa.gov/visualizations-oceans
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Image Credit: Jeff Schmaltz,

MODIS Rapid Response Team NASA/GSFC )
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GFDL-CM2.4 40-m upwelling and currents
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Observed wind (SAR)

27 Dec 1999

Figures from CIiff Mass,
U. Washington Atmos. Sci.
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7 Jan 2001

SAR Figure from
Cliff Mass,
U. Wash. Atmos. Sci.

Wind speed (shaded)
and wind velocity

(vectors)

100-year Dec.
Climatology
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GFDL CM2.1
Atmospheric Resolution
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California Coastal Ecosystem
upwelling and wind

Rykaczewski and Checkley (2008, PNAS)
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Observed upwelling:

Curl-driven upwelling has
influenced pelagic fisheries
(sardines).

40m Vertical Velocity (shade, m/day) and wind stress (vectors)

July Climatology
(100 years)

Model upwelling:

CGCM winds do not drive
strong upwelling.
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High-resolution atmospheric models

Regional and global atmospheric models at higher resolution being developed and improved.

Models ranging in
100km to 18km
resolution.

Zhao et al. (2009, J. Climate) GFDL global model simulatiq‘[‘l
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Prototype higher resolution AGCM
gives stronger wind stress curl.

o

July Climatology
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Wind-stress curl from GFDL CM2.1 (contour) and from
prototype 25km global atmospheric model (shade, cf. Zhao et al 2009)

Applying IPCC-class Models to Fisheries, Princeton, NJ
15 June 2009 Gabriel A. Vecchi, NOAA/GFDL




Other possible solution to unresolved
scales: statistical downscaling

* Develop a empirical relationship between a
set of predictors on the large (model-
resolved) scales, and the desired variables on
the smaller scale.

* Apply empirical relationship to model
projections and other runs.

» Choice of predictors can influence projection.
Cautionary tale #1 from hurricane downscaling
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Atlantic Tropical Cyclone Power Dissipation Index Anomalies: Observed and Based on Sea Surface Temperature
Anomalies relative to 1981-2000 average: 2.13x10"' m’s”
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Atlantic Tropical Cyclone Power Dissipation Index Anomalies: Observed and Based on Sea Surface Temperature
Anomalies relative to 1981-2000 average: 2.13x10"' m’s”
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Atlantic Tropical Cyclone Power Dissipation Index Anomalies: Observed and Based on Sea Surface Temperature
Anomalies relative to 1981-2000 average: 2.13x10"' m’s”
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Inter-model differences

Many “IPCC-class” models exist in the world.
25 models in IPCC-AR4 archive.

Can differ in many ways:

— Ocean, atmosphere, ice, land models

— Sub-gridscale parameterizations and parameter choices
— Forcing used, etc....

Differ in ability to reproduce climatology:

— Ability to reproduce climatology not necessarily test of model’s ability to project
future.

— Each model’s projection has some plausibility.
— Cannot exclude a model’s projection solely because the projection is an outlier

Modest inter-model differences in large-scale can lead to big differences in
downscaled result

Cautionary tale #2 from hurricanes downscaling.
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ADbility to reproduce climatology
differs between models
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* Ability to reproduce climatology not necessarily projection skill
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Inter-model spread on global temperature
and precipitation sensitivity

Temperature Precipitation
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Change in El Nifo activity

Change in Pacific mean-state
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No general consensus on the change of El Nino amplitude.
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215t Century projections of SST change

GFDL-CM2.1

v
vl

Longitude

Each model indicates warming.
The structure of warming differs considerably between models.
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215t Century Hurricane Activity Change

Based on four projections of 21st Century Ocean temperatures.
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Details of ocean temperature change can changes sign of response.

|dentify changes consistent across models, range of solutions, and
mechanisms controlling the solution.
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Internal variability

Change a superposition of forced response and internal variability.
— Variability can offset or amplify forced change.

— Largest extremes in change occur from a constructive superposition of
variability and change.

Forcing tends to dominate the longer the space/time-scale
conversely

Variability tends to dominate the shorter the space/time-scale

IPCC-AR4 runs NOT initialized, so no attempt to project/predict internal
variations
wiggles shouldn’t match

IPCC-ARS5 will include a component to explore initialized decadal
predictions
some wiggles could match: ¢f. Tom Delworth on Wed.
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Forced
signal clear

15 June 2009
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=\ North Pacific SST

NORTH PACIFIC TEMPERATURE ANOMALY
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Northeast Pacific SST

‘ NORTHEAST PACIFIC TEMPERATURE ANOMALY
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WA-OR Shelf SST

WA-OR COAST TEMPERATURE ANOMALY
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1% to 2xCO2 run
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Internal Variability

Rule of thumb: the smaller the space/time
scale the larger the influence of internal
variability.
Radiative forcing signals tend to dominate at longer
time/space scales.

 However, exceptions exist....
— Some places more variable than others

— Radiative forcing impacts structure of some
features more strongly than mean (e.g., sea surface

salinity).

Applying IPCC-class Models to Fisheries, Princeton, NJ @
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Observed Sea Surface Temperature

Eastern Eq. Pacific (90°O,0°N) Equatorial Indian (70°E,0°N)

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

4°€ - 4°CH

0°C

0°C Wik kil

[HEM
‘l.yh’n!lMLlL fi M M "

1880 1800 1920 1940 1960 1880 2000 1880 1800 1920 1940 1960 1880 2000

« EEqgPacific dominated by internal variability.
— Long-term trend is not obvious

* Long-term trend clear in Indian Ocean.
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Global-mean Sea Surface Salinity

GLOBAL SALINITY ANOMIALY
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Longitudinally integrated SSS

Change in Zonally-Integrated Salinity (1981-2000 minus 1900-1921)
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“Wet-get-wetter, dry-get-drier”
Thermodynamic Control:

Warming (increase q) -> increase atmospheric moisture. ->
increase moisture flux divergence/convergence.

Change in P-E (2021-2040 minus 1950-2000)
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Summary

Application of GCMs to fisheries (or other localized,
complex problem) constrained by:

Resolution of global projections
— Statistical adjustment a possible solution (caution)
— Higher resolution global models in the pipeline

Inter-model spread within global projections

— Models agree on gross features (sign of regrional and global changes)

— Models disagree on magnitude of changes (and relative magnitude)

— Uncertainty can have profound impacts on downscaling

— Explore multiple models to get sense of spread, understand mechanisms

Internal variability
— More dominant at small time/space-scales

— Climate change that happens combination of forced and internal
— How much is predictable?
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