
Carbon Consequences and Recovery in an Experimental Tornado with Varying Severity 

Introduction  

Tornados can cause immense damage to natural vegetation, and in doing so, alter the carbon 

storage capacity of ecosystems. Wind disturbances convert damaged sites into carbon sources 

rather than carbon sinks. It may take decades for a disturbed forest to store the same amount of 

carbon as before the disturbance1. The impacts of wind disturbance on the carbon cycle have not 

been fully explored, but research on carbon storage after a stand-replacing fire estimated that it 

would take 40 years reach the same amount of carbon storage as pre-fire1. Though these 

disturbances are part of a natural cycle, tornadoes are predicted to become more frequent and 

intense under projected climate change2.  

Given the random nature of wind disturbance, it is impossible to predict when and where 

a tornado will strike. Therefore, previous studies on the impacts of wind disturbance on carbon 

cycle components have compared the disturbed sites that nature provides to adjacent undisturbed 

sites, or utilized chronosequences. However, it is possible that these sites may differ intrinsically 

due to different topography, land history, or environmental characteristics. Due to this limitation, 

the very few studies of carbon pools or fluxes after wind disturbances cannot be confidently 

viewed as free of confounding factors.  

The solution to this problem is experimental manipulation where study areas are matched 

on all known characteristics and treatment is randomly assigned. In addition, if the level of 

disturbance could be manipulated, it would be possible to see whether carbon losses were greater 

in highly disturbed areas compared to less disturbed areas. Considering variation in disturbance 

severity, it is expected that more severely disturbed sites will lose more carbon initially and 

accumulate carbon more slowly than less disturbed sites. The proposed research would document 

carbon cycle impacts of forest wind disturbance using controlled manipulation and incorporates 

variation in disturbance severity as part of the design.  
 

Objective: Create an experimental forest wind disturbance to measure the immediate and longer-

term effects of different levels of disturbance severity on carbon pools and fluxes. 
 

1. What are the immediate changes to soil respiration, standing aboveground carbon, and 

coarse woody debris? 

2. How does disturbance severity influence the rate of carbon sequestration, and at what 

point is a site predicted to return to levels of pre-disturbance carbon storage? 
 

Methodology 

This experiment will take place in mixed-hardwood forest at Scull Shoals (Piedmont of central 

Georgia, USA). 2 hectares of the forest will be divided up into four experimental plots which 

will be subjected to varying levels of simulated disturbance. To pull trees down to mimic a wind 

disturbance, we will use a winch and manpower, as the lab has done in the past4,5. The four 

experimental plots will represent low damage, moderate damage, high damage, and complete 

tree destruction. A control site will be located adjacent to the experimental plot. Subplots will be 

established within each condition. 
 



Measurements 

I will measure the major forest carbon pools before and immediately after the experiment, and 

will continue to measure soil respiration (as a measure of decomposition and plant respiration) 

and fine woody debris monthly. The primary forest carbon pools I will measure are standing 

trees, coarse woody debris, fine woody debris, soil (soil carbon and soil respiration, separating 

autotrophic from heterotrophic respiration), and coarse roots. PVC collars will be attached to 

dead trees to measure their respiration. To measure carbon sequestration and recovery, I will 

measure standing trees, coarse woody debris, and roots yearly.  
 

Anticipated Results and Products 

I expect that the soil will release more heterotrophic carbon in the first months after the 

disturbance as organisms perish due to the soil disturbance as the microbes increase metabolism 

due to greater sunlight reaching the ground. I expect that this effect will be more pronounced 

with more severe disturbance. I expect that autotrophic respiration may increase at a longer time 

scale, reaching from months to years as coarse roots slowly decay. Aboveground carbon and 

coarse woody debris pools will be directly related to the severity of disturbance.  

This research will produce a better understanding of the timeline of changes – which ones 

are immediate, and which ones take longer to respond. Indeed, it may be the first to document 

“two peak” carbon dynamics hypothesized by Harmon et al.6 Using 2-3 years of data, I can make 

conclusions about how the severity of disturbance impacts carbon accumulation and model the 

estimated time to return to pre-disturbance levels of carbon storage.  
 

Broader Impacts 

Undergraduate students will work alongside me to take measurements and investigate their own 

questions about the site. As a mentor, I encourage every student to present a poster about their 

research and/or accompany me to a local K-12 school to teach some of the scientific concepts we 

are investigating. In this case, we will develop curriculum for students on the carbon cycle and 

bring them outdoors to think about where there is carbon in a school garden or tree. I will publish 

the teaching resources online for free use along with my other lesson plans. I will present this 

research at local and national conferences and will publish my results in peer-reviewed journals. 
 

Intellectual Merit 

This work is a natural extension of my current project monitoring carbon pools at Boggs Creek, a 

north Georgia tornado-damaged forest in its 6th year of recovery. This will be the first 

investigation into the carbon pools before and immediately after a disturbance. This will reveal 

the major carbon sources immediately after a disturbance and provide insights into the timing of 

soil carbon release and tree decay. It may also answer the following: Does greater severity lead 

to greater carbon loss and greater recovery time? What are the implications of this research if 

there are more frequent disturbances in the future. How likely is it that a site will be be disturbed 

again before it equilibrates to pre-disturbance levels of carbon? 
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