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Outline

* Motivation
e Method

e Results and analysis
* Surface/troposphere/ocean responses
e Stratosphere and troposphere responses
 Hemispheric differences
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Motivation

 Solar signal in the tropospheric climate is small
compared with the large climate variability.

 Solar variability is large in stratosphere and above,
but the downward impact is still unclear.

* Relying mainly on statistics and difficult to examine
processes through which solar forcing affects
climate.

* Climate sensitivity to solar forcing is thus still not
clear.
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Presentation Notes
(Solar signal “Burn through”).
The sensitivity of the climate system to a forcing is an important metric of the impact of a given forcing on climate. 


Model Description

* NCAR WACCM CCMI (Chemistry Climate Model
Initiative) setup with coupled ocean model.

 WACCM Numerical experiments (200

years for each one)
* Nominal solar max (SOLIN: 340.483 W/m?)
* Nominal solar min (SOLIN: 340.107 W/m?)

* SSI/TSI from HD solar simulation (SOLIN: 337.521
W/m?, 0.86% lower than solar max)

e <350 nm nominal solar min; >350 nm HD (HD VIS)

* <350 nm HD; >350 nm nominal solar min (HD UV)

* SSI/TSI from weak B (48G) MHD solar simulation
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~ Annual Average TS Time Series
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Presentation Notes
(1) Different responses at different latitude regions: NH extratropical, tropical, and SH extratropical
(2) Responses change over time: Intial NH and SH adjustment time is about 20 years, NH temperature adjusts for the next ~80years. Reach a quasi-equilibrium state after about 150 years. Tropical region temperature equilibriates after about 50 years. SH extratropical region doesn’t really equilibrate, though a relatively fast adjustment is seen in the first 70 years.
A plot like this for SMAX.
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Presentation Notes
(1) Different responses at different latitude regions: NH extratropical, tropical, and SH extratropical
(2) Responses change over time: Intial NH and SH adjustment time is about 20 years, NH temperature adjusts for the next ~80years. Reach a quasi-equilibrium state after about 150 years. Tropical region temperature equilibriates after about 50 years. SH extratropical region doesn’t really equilibrate, though a relatively fast adjustment is seen in the first 70 years.
A plot like this for SMAX.
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Presentation Notes
The ocean cooling in the Southern Ocean during winter extends from the shore of eastern Southern ocean to the east coast of South America. 
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Presentation Notes
During northern winter, the land surface cooling in HD and VIS runs is 2-3K. Even without change of its strength, the near surface westerly wind would lead to increased cooling in the western part of the Pacific and Atlantic ocean (coastal region). The land cooling is weaker (and often statistically insignificant at places) in UV run, except at higher latitudes (why? Downward impact from the stratosphere?). This leads to similar coastal cooling.
For the SH, the main challenge is to explain the warm anomaly over Southern Pacific (45W-180W) and the cold anomaly over Southern Indian ocean (0-90E), especially during winter time. The former is probably most determined by wind driven ocean circulation (Eckman pumping), while the latter is probably largely dependent on the land (Antarctica) to ocean circulation. So for the former we should focus on the zonal wind at 50S, while the latter we should examine the meridional wind at 60S.
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Atlantic Meridional Overturning
Circulation (AMOC
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Presentation Notes
Slow down of AMOC at mid-low latitudes between surface and 1km at the beginning, while AMOC deeper down and at high lat enhances.
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First several decades

T(NH)
Radiative Cooling
Dynamics Weaker (B Cooling
Weaker)
Net Strong
Cooling
Tropo/Ocean Cooling
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First several decades
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Summary

* Climate sensitivity to solar forcing studied using
WACCM/POP simulations with a sudden decrease of
SSI to an extreme low condition derived from solar
HD/MHD simulations.

* Clear responses are found in the coupled middle
atmosphere, troposphere, ocean and sea ice, and the
responses in the two hemispheres differ significantly.

 Downward impact on temperature and wind.

» Different planetary wave response due to differences in air-
sea interaction.

e Even with reduction only in the UV range (<350nm),
similar tropospheric and oceanic changes—significant
albeit with reduced magnitude—are found in the
simulations.

* Troposphere/ocean responses to UV change and VIS/IR
change are in phase and thus enhancing.
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Surface Short Wave Flux

Negatively correlated with ice cover
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Change the orientation.


Comparison with Nominal Solar
Min/Max
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