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Outline

* Motivation: Key issues for modeling
* Uncertain processes

« Key observations to address them
A few conclusions

Disclaimers:

1. Atmospheric Bias

2. My personal view




Key Climate Change Issues

Climate Sensitivity
Regional Climate Change
Precipitation Shifts
Tipping Points




Global surface warming (°C)

Cllmate Sensitivity
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change (left) vary depending
on the ‘sensitivity’ of a given
model (below: estimates)

Note: Climate Sensitivity depends
on parameterized processes
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Regional (‘Modal’) Climate Change

 Monsoons
* Tropical Cyclones
 NAO/AQO (polar modes)

« ENSO: e.g.: is it just me, or has the

variance increased?

NINOS.4 (nino5) anomalies
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Tropical Cyclone "Trends’

Vecchi and Knutson 2008, J. Climate

Atlantic HURDAT Storms (Adjusted for Estimated Missing Storms) 1878-2006
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28 Linear Trends: —  Adjusted Annual Storm count (add.)

+1.60 storms/century (1 878-2006) m== Adjusted Five-year storm count (add.)
. - VKO8 Additive Adjustment
==+ VKO8 Multiplicative Adjustment

95% Method Uncertainty on

Adjusted Storm Count

+4.39 storms/century ( )
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General Circulation Changes

Seidel et al, 2008, Nature Geoscience
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Precipitation Shifts

Projected changes in Precipitation

Projected change Projected change
multi-mod in ) - DJF multi-model in 2090 - 2099 for A1B




Tipping Point: Greenland lIce Sheet

2005 Melt

3 2005 Melt Extent
k= 1992 Melt Extent
\L 2,000m Elevation
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Tipping Point: Arctic Sea Ice

Northern Hemisphere Extent Anomalies Sep 2008

Observed Trend (Right) 2
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slope = -11.1(+/-3.3) % per decade

Simulated (IPCC 2007, Below)
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Uncertain Processes

Water Vapor Feedbacks

— Mostly certain

Cloud Processes

— Convection

— Microphysics

Cloud Feedbacks (responses)

— Stratocumulus and Storm Tracks (Shortwave)
— Arctic Clouds

Coupled System Feedbacks

— Soil moisture
— Snow/lce Albedo Feedbacks
— lce Dynamics




Water Vapor Feedbacks

A) 250mb <Ts>" v. <RH>" (llatl<30) B) 250mb <Ts>" v. <H20>" (llatl<30)

<H20> anomaly (ppmv)
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Response of upper troposphere RH and H,O to surface T
Model (CAM) and observations (AIRS) are similar

Both are not inconsistent with constant RH hypothesis
(Gettelman & Fu, 2008)




Water Vapor Feedbacks (2)

Model (CAM) agrees with observations (AIRS) in vertical

A) d<RH>/d<Ts> v. Height
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C) d<H20>/d<Ts>(%) v. Height
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Significant differences with Parameterization




Cloud Forcing

CF= Froaclear - Frona

<Ts>" (llatl<30) v. <LWCF>" (llatl<30) <Ts>" (llatl<30) v. <SWCF>" (llatl<30)
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« Little significant change in cloud radiative forcing
* Are these feedbacks? (If they change)

« Sign of changes (e.g. slope of SWCF) not clear




Cloud Feedbacks: Stratocumulus

GFDL AM2-ML (2xCO, — CTRL)

Changes in Low Cloud T
forced by increasing CO,: S

The effect is opposite in
these two models!

(Large uncertainty for

climate response)

NCAR CAM2 (Yeor70 @1%CO,/yr — CTRL)
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* Find the Cloud, Snow & ?I‘é,!
~ _ MODIS, 4 May 200§
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Arctic Summer (JJA) Clouds

Which instrument is ‘right’?

>

MODIS CloudSat+CALIOP
Total Cloud Fraction Total Cloud Fraction Total Cloud Fraction

Kay & Gettelman, 2009




Aerosol Effects on Clouds
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Key Observations

Water Vapor
Radiation
Clouds

Aerosols




Water Vapor (RH)

Simulation Observations (AIRS
) DJF Mean CAM RH 22() hPa A) le Mum AlRS RH @7 25()hPa

N A e \g%

4;0‘,..,,,

L8O S }, —6()




Radiation

Differences in Relative Humidity result in
differences in radiative fluxes

D) Jul CAM - AIRS RH
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Radiation (2)

A) Jan OLR CAM RH (cld) - AIRS RH B) Jul OLR CAM RH (cld) - AIRS RH

Contour Interval 5 Wm-2
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C) Jan Rad Fluxes CAM RH (cld) - AIRS RH
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Impact of humidity differences: globally
about 1TWm-2, locally 5-15Wm-
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Clouds: Diurnal Cycle
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Convective Clouds: Organization

225hPa Relative Humidity
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Not enough simulated RH variability: wrong Cloud organization




Aerosols

CALIPSO: aerosols & clouds over S. E. Atlantic

532 nm Total Attenuated Backscatter, /km /sr  Begin UTC: 2008-07-24 01:27:19.9512 End UTC: 2008-07-24 01:40:48.6211
Version: 2,01 Image Date: 07/27/2008
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Conclusions

Critical Uncertainties Remain

— Climate Sensitivity, Cloud Feedbacks, Arctic Climate
Clouds and hydrologic cycle uncertain
— Sign of cloud feedbacks unknown

— Convection is represented badly

— Microphysics & ice microphysics especially
Vertical structure is often critical

— Clouds, Aerosols, Radiation

— Can get the wrong impression without it
Diurnal sampling critical

— Clouds especially




Conclusions: Future Observations

« Continuity & Climate Data Records Key

— Continue AIRS/IASI, cloud info (MODIS?)

— Think about building in continuity (NPOESS)
 Vertical structure is critical

— Clouds, Water Vapor, Aerosols, Temperature
* Active sensors have been very valuable
* Diurnal cycle resolution

— Convective organization

— Precession in local time (not Low Earth Orbit)




