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CHAPTER 2

Strong biotic controls of 
climate regulation services 
at temperate regional scales
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 ‘Understanding patterns in terms of the processes 
that produce them is the essence of science, and is 

the key to develop principles for management’  
– Simon A. Levin (1992). Ecology, 73, 1943–1967. 

 
 
 
 
 

Summary 
The integration of ecological knowledge to understand and quantify climate 
regulation services, used as leverage in international policy instruments, remains 
incomplete. Most quantitative information on determinants of climate regulation 
comes from carbon stored or sequestration rates, disregarding rapid, local-regional 
benefits from ecosystem-atmosphere water and energy exchanges. In this chapter, 
we quantify the effects abiotic factors and biotic attributes independently exert on 
climate regulation, and contrast their ability to explain patterns across a regional 
extent of forest in the United States. For albedo, evapotranspiration, primary 
productivity, and soil carbon, we reveal a strong control of forest litter and 
understorey carbon, and temperature-precipitation interactions. Forest structure 
and successional stage strongly controlled climate regulation, likely through changes 
in vegetation and canopy density, and decreased decomposition rates. The effects of 
maximum height, wood density, and seed mass traits supported this finding. The 
effects of leaf nitrogen on productivity were surprisingly similar to those of 
understorey carbon. Temperature-precipitation effects highlight how ranges, 
seasonality, and (cold) limiting factors strongly affect climate regulation. Our 
quantitative assessment demonstrates the expression of strong biotic controls on 
climate regulation, and how the identity, strength, and direction of determinant 
effects differ for the different properties and processes within climate regulation 
services. 
 
 
 
 
 


