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Driving forces of land surface 
temperature anomalous changes  
in North America in 2002–2018
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Yungang Liu2, Hong-li Ren7 & Qing Bao8

The land surface temperature (LST) changes in North America are very abnormal recently, but few 
studies have systematically researched these anomalies from several aspects, especially the influencing 
forces. After reconstructing higher quality MODIS monthly LST data (0.05° * 0.05°) in 2002–2018, we 
analyzed the LST changes especially anomalous changes and their driving forces in North America. 
Here we show that North America warmed at the rate of 0.02 °C/y. The LST changes in three regions, 
including frigid region in the northwestern (0.12 °C/y), the west coast from 20°N–40°N (0.07 °C/y), and 
the tropics south of 20°N (0.04 °C/y), were extremely abnormal. The El Nino and La Nina were the main 
drivers for the periodical highest and lowest LST, respectively. The North Atlantic Oscillation was closed 
related to the opposite change of LSt in the northeastern north America and the southeastern United 
States, and the warming trend of the Florida peninsula in winter was closely related to enhancement of 
the North Atlantic Oscillation index. The Pacific Decadal Oscillation index showed a positive correlation 
with the LST in most Alaska. Vegetation and atmospheric water vapor also had a profound influence on 
the LST changes, but it had obvious difference in latitude.

land surface temperature (LST) is an important reference index used to measure the land environment and has 
important impacts on regional material and energy cycles, ecological system balance and human production and 
life1–3. Regional LST will incur sensitive and obvious changes with the differences in time and space4. In particu-
lar, annual change in LST have large impacts on human development. For example, in July 2018, Canada expe-
rienced a series of high temperatures not seen in decades that killed at least 70 people in Quebec. In July 2017, 
the west coast of the United States was hit by a heat wave that broke 100-year records in many places and caused 
frequent wildfires in many western states. These are serious threats to human life and economic development. 
North America has rich climate types and complex geographical environment, and its LST changes have great 
research value. The Cordillera mountain system in the west has a lot of glacial snow, and the glacier melt water 
in this region is closely related to the LST5. Moreover, this region is located at the junction of the Pacific plate 
and the American plate, with frequent geological and volcanic activity6, and the variation in LST can reflect the 
energy changes from underground activities to some extent7. The central region of North America is an impor-
tant agricultural area that is extremely vulnerable to the interactions between hot and cold air currents from the 
Arctic Ocean and the Gulf of Mexico due to the very large corridor formed by the mountains to the east and west. 
The plateau/mountainous region in eastern North America is affected by the uplift of moist airflow in winter and 
summer8, and meteorological disasters such as blizzards and rainfall are frequent. Most areas of Greenland in the 
northeast of North America are located in the frigid zone, and more than 80% of the whole island is covered by 
snow and ice, which plays an important role in stabilizing the global climate environment9. In summer, southern 
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