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Abstract 

Understanding energy and material fluxes through ecosystems is central to many 

questions in global change biology and ecology. Ecosystem respiration is a critical 

component of the carbon cycle and might be important in regulating biosphere 

response to global climate change. A general model of ecosystem respiration based on 

the kinetics of metabolic Reactions and the scaling of resource use by individual 

organisms has been derived in [1]. Variation in ecosystem respiration within sites, as 

calculated from a network of CO2 flux towers provides robust support for the model’s 

predictions. However, we find interesting patterns of its applicability when testing the 

model on diverse sites across the United States. We explore possible explanations to 

the observed distribution. 

Introduction 

Global warming has become familiar to many people as one of the most important 

environmental issues of our day. There is a growing consensus that the warming is at 

least in part a consequence of increasing anthropogenic greenhouse gases (GHGs), as 

we can see in fig.1 [2]. Such gases which mainly include carbon dioxide, methane, 

nitrous oxide and chlorofluorocarbons (CFCs) absorb infrared radiation emitted by 

the Earth’s surface and act as blankets over the surface keeping it warmer than it 

would be. During the period of the last 50 years, in which greenhouse gases increased 

substantially, the global temperature has increased by about 0.5°C. For the global 



average, this is a large change. The 1990s are very likely to have been the warmest 

decade during this period and the year 1998 the warmest year [3].  

CO2 provides the dominant means through which carbon is transferred in nature 

between a number of natural carbon reservoirs (the atmosphere, oceans and the land 

biosphere)—a process known as the carbon cycle. About one-fifth of the total CO2 in 

the atmosphere is cycled in and out each year, partly with the land biota (e.g. through 

respiration and photosynthesis) and partly through physical and chemical processes 

across the ocean surface. About half of the current anthropogenic emissions are being 

absorbed by the ocean and by land ecosystems [4]. Small changes in these larger 

reservoirs could, therefore, have a large effect on the atmospheric concentration. But 

this absorption is sensitive to climate, as well as to atmospheric carbon dioxide 

concentrations, creating a feedback loop. 

Since ecosystem respiration is a critical component of the carbon cycle and might be 

important in regulating biosphere response to global climate change, scaling from 

metabolism from organisms to ecosystems [1] would be a brand-new idea. The model 

Enquist proposed might provide a basis for quantitatively understanding energy and 

material flux between the atmosphere and biosphere, if it were tested with good 

prediction. 

 
Fig.1 CO2 concentration and global average temperature from the year 1880 to 

2006 [2] 

 



Methods 

The total ecosystem metabolic flux per unit area is influenced by the number of 

organisms of a given size, Mi, and their respective metabolic rates, Bi, using the 

general model for metabolic scaling: 
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where b0 is a normalization constant independent of body size and temperature. The 

Boltzmann factor, e-E/kT, describes the temperature-dependence of the metabolic rate, 

where E is the average activation energy of metabolism and k is Boltzmann’s constant. 

The respiration rate of an ecosystem is equal to the sum of the individual metabolic 

rates for all organisms in that system. Using equation (1) one can thus derive a 

general function for the scaling of ecosystem respiration: 
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E: Activation energy 

k: Boltzman constant 

b0: Cellular metabolism 

C: Size distribution 

BBe: Ecosystem respiration 

T: Temperature 

The model yields the following three predictions: First, for a given ecosystem, 

plotting ln(BBe) against (1,000/T) should yield a general linear relationship describing 

the dependence of ecosystem respiration on temperature. Second, the slope of this 

relationship, across diverse ecosystems, should be -E/1,000k  ≈ -7.5 K, reflecting the 

fundamental importance of the activation energy of metabolism in constraining 

whole-ecosystem respiration. Last, because of the energetic equivalence rule, 

ecosystem respiration should be independent of the total standing biomass across sites 

if rates of resource supply are held constant. 

We tested the model with data from FLUXNET, which is a global network of 

micrometeorological tower sites that use eddy covariance methods to measure the 



exchanges of carbon dioxide, water vapor, and energy between terrestrial ecosystem 

and atmosphere. At present, over 400 tower sites are operating on a long-term and 

continuous basis. Researchers also collect data on site vegetation, soil, hydrologic, 

and meteorological characteristics at the tower sites. We selected only nightly flux 

values of CO2 which approximate a biological ecosystem flux, or total respiration.  

We concentrate on these predictions to investigate the applicability of the scaling 

model, and give possible explanations for exceptions from the expected results. 

Results 

84 sites in America with data from 1996 to 2006 have been plotted. 21 sites do not fit 

the theoretical value. All the 84 slopes were classified into three types: normal, 

abnormal+ (abnormal slopes with positive value) and abnormal- (abnormal slopes 

with negative value). Except for only 4 slopes depart too far away with -7.5, about 

75% of all the slopes fit the model, 8.3% abnormal+ and 11.9% abnormal-. 

 
Fig.2 A plot of night-time ecosystem flux, ln(Be), against the reciprocal of 

absolute temperature for 30-min average samples throughout all the 
testing years for nine representative eddy covariance flux-tower sites. The 
slope of the temperature response reflects the activation energy of this rate 
process. Slopes of the three sites in line 1 fit -7.5 very well, which we call 
normal ones; slopes of the three sites in line 2 are positive numbers, which 
we call abnormal+; slopes of last three sites in line 3 are negative near 



zero, which we call abnormal-. 

 
Fig.3 The locations of representative data sites. Green, red and orange symbols 

represent data sites with normal, abnormal+ and abnormal- slopes. We can 
see that the slopes of the sites near the oceans tend to be abnormal. Circles 
with different colors represent different types of vegetation. Red, blue, 
green, yellow, white, purple, orange and grey circles represent WSA, MF, 
GRA, DBF, ENF, EC, CRO and WET (IGBP Vegetation Type). 

We calculated the percentage of normal and abnormal slopes of 26 representative 

sites in different vegetation type. WSA were combined with GRA, while MF, DBF, 

ENF, EC, OSH and CSH were united into forest (FRE). In fig.4, sites with WET and 

CRO vegetation types are significantly different. There was only one site in WET 

type which turned out to be abnormal, and the slopes of all the sites in CRO type fit 

the model. 
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Fig.4 Percentage of normal and abnormal slopes of sites in different vegetation type. 
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Fig.5 Relationship between relative humidity of air and absolute value S. △

△S=|-7.5-S|. S represents the slope of each site. 

Discussion 

It is obvious that the slopes of sites near the oceans tend to be abnormal, while centre 

sites provide more normal slopes. The influence of freshwater is different from that of 

oceans, near which the slopes of the sites tend to fit the value of -7.5 well. 

Vegetation plays a very important role in carbon cycle. However, in our project, it has 

little influence. There is no preponderant vegetation type related to certain type of 

slope except tundra wetland (WET) and crops (CRO). The Atqasuk site (see fig. 3) is 

in Alaska, which is also very near the sea.  

Humidity is an important factor on carbon flux. In fig.5, the closer S is to zero, the △

better the data fits the model. A lower threshold of 65% was estimated. Ecosystems 

with the relative humidity below 65% tend to depart from the theoretical prediction. 

When trying to discuss the possible explanations for exceptions from the model, we 

found that water had a great influence on carbon flux, no matter near the sea or with 

high relatively humidity. Actually water vapour is another powerful greenhouse gas 

[5]. With a warmer atmosphere more evaporation occurs from the ocean and from 

wetland surfaces. On average, therefore, a warmer atmosphere will possess a higher 

water vapour content.  

Hansen showed that rapid warming in recent decades has been driven mainly by 



non-CO2 greenhouse gases (GHGs), such as chlorofluorocarbons, CH4, and N2O, not 

by the products of fossil fuel burning, CO2 and aerosols [6]. If so, there might be 

some problems with the scaling model (equation (1)). Because the main climate 

forcing is probably changing.  

Conclusion 

Scaling from organisms to ecosystems is still a very complex problem. The equation 

has a reasonable fit to the data within limits. However, many factors influence the 

carbon flux, such as temperature, humidity, vegetation, nitrogen, phosphor cycle and 

radiation. The oceans and air humidity have great influence on carbon flux. Further 

studies on the carbon flux near water or in wetlands are needed.  
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