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Motivation

• Terrestrial ecosystems & regional climate influenc e 
one another through exchanges of heat, moisture, 
trace gases, aerosols and momentum between land 
surface and atmosphere 

• The changes in climate influence ecosystems by • The changes in climate influence ecosystems by 
limiting the availability of surface and sub-surfac e 
water, modified temperature conditions

• ±1K temperature difference can be decisive for the  
survival of plants



Methodology and experimental designMethodology and experimental design

• Interpolate 0.5 ox0.5 o Terrestrial Ecosystem Model (TEM 
version 7) simulated summer albedo-anomalies north of 
50 oN to the 2.8 ox2.8 o resolution of the CCSM3

• Impose TEM-simulated albedo changes in CCSM3 ( ALB )

• Compare temperature, precipitation, cloudiness and wind 
obtained from ALB with CCSM3 simulation without any 

• Compare temperature, precipitation, cloudiness and wind 
obtained from ALB with CCSM3 simulation without any 
changes ( REF ) for 50 years

• Investigate global consequences of these summer al bedo 
anomalies 

• Perform the Student’s t-test for significance of c limate 
changes at the 95% or higher confidence level



Description of Community Climate Description of Community Climate 
System Model version 3.0System Model version 3.0
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Description of Terrestrial Ecosystem Description of Terrestrial Ecosystem 
Model (TEM version 7)Model (TEM version 7)

• Process-based ecosystem model

• Describes carbon, nitrogen dynamics of plants, 
soils

• Comprises soil thermal dynamics, multiple 
vegetation pools (leaf, wood and roots), spatially 
explicit climate and terrain elevation data

• Operates on global scale, at a monthly time 
step, 0.5 o resolution
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Albedo generally decreases over 50 yearsAlbedo generally decreases over 50 years

50 year average summer albedo change

Maximum 
summer 

albedo change 
in 50 years

Minimum 
summer 

albedo change 
in 50 years

-0.02   -0.015   -0.01   -0.005     0        0.005    0.01    0.015   0.02-0.0005            -0.00025               0                  0.00025            0.0005



Skin surface albedo function of soil, Skin surface albedo function of soil, 
vegetation, snow albedovegetation, snow albedo

Overall surface albedo is a function of soil, canop y and snow albedo
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Significant decreases in near-surface temperature 
over AK, Europe, Siberia, Africa and South America
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Cloudiness increases over North Atlantic and 
western Siberia due to Pan-Arctic albedo anomalies 



Changes in surface wind advect cold air from 
western Siberia to southern Siberia and Middle east



Summer monsoon is a seasonal prevailing 
wind that lasts for June to September

• Low pressure area over the northern and central 
Indian subcontinent

• The moisture-laden winds from the Indian Ocean rus h 
in to the subcontinent to fill this void

• These winds are drawn towards the Himalayas

• Himalayas act like a high wall and do not allow th e 
winds to pass into Central Asia, forcing them to ri se

• With the gain in altitude of the clouds, the 
temperature drops and precipitation occurs  



Changes in lower and upper level circulations due 
to the Pan-Arctic summer albedo anomalies
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Intensification of Mascarene high and 
monsoon trough in response to Pan-Arctic 

albedo anomalies
Monsoon Trough 

Intensification of 
Monsoon Trough 
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Stronger Tropical Easterly Jet (TEJ) teleconnects 
between the high latitudes to Tropics



Increasing snow depth in winter and spring Increasing snow depth in winter and spring 
explain the coolingexplain the cooling
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Precipitation significantly decreases over Precipitation significantly decreases over 
Europe in summer and springEurope in summer and spring
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Conclusions
• Over Alaska, Siberia and Europe, near-surface air- temperature 

and precipitation significantly decrease up to 2K a nd 
2.1mm/mon throughout the year in response to negati ve albedo 
anomalies

• Increase in cloudiness increase planetary albedo l eading to 
significant decreases of near-surface temperature o ver Alaska 
and Siberiaand Siberia

• There is also significant global consequence for P an-Arctic 
summer albedo change through non-linear feedbacks w ithin the 
atmosphere’s general circulation

• High latitude anomalies has noticeable influence o n Monsoon 
circulation

• Intensification of TEJ advects relatively cooler a ir from southern 
Siberia to eastern and western Africa and South Ame rica


