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STAGE SETTING 



POLAR CHARACTERISTICS 



ANNUAL MEAN TOP OF ATMOSPHERE RADIATION 



ANNUAL MEAN SURFACE ENERGY BALANCE 



HEAT TRANSPORT IMPLIED BY RADIATIVE IMBALANCE 

BY ATMOSPHERE 

BY OCEAN 



POLAR ENERGY BUDGET 



SEA ICE SURFACE FEATURES 

LEADS 

PRESURE RIDGES 



SEA ICE SURFACE FEATURES 

MELT POND 

?? 



STORM-SURFACE INTERACTIONS 



CALIPSO VIEW OF WINTER ANTARCTIC CLOUDS 



CALIPSO VIEW OF AUTUMN ARCTIC CLOUDS 



Polar Characteristics 

Emphasis has been on disparate spatial scales 

BUT 

Main problem is disparate time scales of coupling 

To understand processes, we need to evaluate 
time derivatives – fluxes are exchange rates 



SATELLITE REMOTE SENSING 

Remote sensing necessary because of 
multiple space-time scales of variation and 
interaction 

Difficult because 
Surface--cloud contrasts small, water vapor and 

precipitation rates small and 

●●●Surface Variations are nearly as rapid as 
Atmospheric Variations making separation 
much more difficult 



Clouds & Radiative Fluxes from RS 
CALIPSO 

NEW ISCCP 
OLD ISCCP 

SW↓ LW↓ 

CA 



SHEBA CASE STUDY 

Winter Surface Energy Exchanges 

Just One Story 



SHEBA FLUX MEASUREMENTS 



WINTER TEMPERATURE RECORDS 



Sea Ice Regulation of Heat Loss 



WHAT CAN WE DO? 

Better Temperatures: merged infrared – 
microwave from multiple platforms for better 
time resolution, better treatment of temperature 
inversions in cloudy & clear conditions 

Multi-instrument Cloud-Water Vapor-Precipitation 
Analysis 

More Attention to Polar Atmospheric & Oceanic 
Dynamics 





SOME STATISTICS 



SPRING TEMPERATURE RECORDS 



WINTER ATMOSPHERIC PROFILES 
WINTER ATMOSPHERIC PROFILES 











Likelihood of snowfall and rainfall at the surface  

as function of freezing level from AMSR-E 



Cumulative likelihood of snowfall at the surface as function of freezing level 

Smooth line:  

Cumulative gaussian fit 

Zigzag line:  

Data 



















Annual and Solstice Insolation 
AREA RATIO & ROTATION 

REDUCE INSOLATION TO 341.5 Wm-2 







Cloud and Precipitation 



LIST OF ISSUES 
Surface Properties: albedo, emissivity, temperature, “wetness”, “roughness” 

Near-surface atmosphere: temperature & humidity inversions, windspeed, 
cloud properties, precipitation 

Diurnal and Weather-scale Variations of these properties and their correlations 

Difficulties of remote sensing: lack of contrast, reversed contrast,  
rapid time variations of surface 

Surface temperature and fluxes much more sensitive to changes in cloudiness 
But water phase changes mediate time variations of the surface temperature 


