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Abstract 

The standard practice of using moderate resolution satellite imagery for carbon flux studies 
at Ameriflux sites is called into question. In this study, a flux footprint model was imple-
mented for modelling the carbon source areas for an Ameriflux site in Oklahoma using one 
year of carbon flux and meteorological measurements. A sensitivity analysis was conducted 
using cell sizes from 1 m to 30 m for the study site. The results indicate that over 95% of 
the source locations are within 93 m of the carbon flux receptor. Knowing the spatial accu-
racy is typically no better than ½ cell size, suggests that cell sizes of less than 45 m intro-
duces far greater uncertainty than is appropriate. 

1 Introduction 

Estimating the source of airborne constituents (e.g. gas, dust) is a continual problem in 
geographic health problems, terrorism, and even climate change research. A high methane 
concentration might be indicative of accidental burning of materials, while chlorine might 
suggest releases from anthropogenic sources. But where did the air mass come from? The 
observed air mass may be a composite of multiple sources over a relatively short period of 
time. 

Flux footprint modelling, an approach developed in boundary-layer meteorology, is a me-
thod to identify the probable source areas and the relative contribution of a single point flux 
measurement (SCHMID 2002). A number of footprint models have been developed, each 
with varying degrees of complexity and specific limitations on the atmospheric conditions 
under which they are valid. These models range from a relatively simple one dimensional 
solution (e.g. HORST & WEIL, 1992), two-dimensional solutions with cross-wind com-
ponents (e.g. KAHARABATA et al. 1997), or three dimensional Langragian or Large-Eddy 
Simulations Models (e.g. PRABHA et al. 2008). At a minimum, the flux models require wind 
measurements (e.g. three component wind measurements as u,v,w) and either assumptions 
or observations of the air temperature, humidity, pressure, and canopy height. The geo-
graphic distribution of land cover and topography, as well as air temperature and preci-
pitation are also important variables in the air mass trajectory and potential source contribu-
tion of carbon dioxide (WYLIE et al. 2007). Many of these models assume a homogeneous 
land cover so that the complexity of changing surface roughness is not accounted for. Re-
cent work has attempted to account for the changes in land surface conditions in the trajec-
tory path of an air mass (e.g. HSIEH & KATUL 2009).  
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The footprint model used in this study was developed by Hsieh et al. (2000), which is a 1-
dimensional analytical footprint model. The model does not account for crosswind disper-
sion of gases in the trajectory path of an air mass and does not account for changing sur-
faces conditions such as land cover, surface roughness, or the amount of latent and sensible 
heat at the surface. The footprint function is calculated using the following: 
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where x is the distance from the site, zm is the measurement height, and zu is the length scale 
that is computed using the measurement height and the roughness length with the equation 
found in Hsieh et al. (2000). The parameters for D and P are determined based on the at-
mospheric stability. The function is the probability of a source area from location x (Figure 
1). The derived functional value can be positive, a source of CO2, or negative, a sink for 
CO2. Relating source area to land cover and management practices is a spatial and temporal 
resolution challenge. What is an appropriate spatial resolution? What is a minimal spatial 
resolution? The distance of the source to the receptor varies with meteorological conditions 
and receptor height. For instance, SOEGAARD et al (2000) found that 80% of the source area 
was within 200 m of a 3 m height receptor in Greenland.  

Fig. 1: 
1-Dimensional footprint modelled 
from 30-minute observation 
on 26 January 2004 

2 Methodology 

In this research we are modelling the cumulative net ecosystem exchange for a one year 
time period. Thus, we use the entire functional probability (maxima and other locations 
along the curve). A probability surface is derived for each wind measurement (e.g. one 30-
minute average). The footprint function was calculated for x and then the source contri-
bution from x to x+1 is calculated using a trapezoidal numerical analysis approximation 
technique to integrate the area under the functional curve. Some researchers use only the 
location x of the functional maxima to indicate the source. A cumulative contribution prob-
ability is derived for each location (i.e. cell) within the study area from each 1-dimensional 
function and for each observation over the time period (1 January, 2004 through December 
31, 2004). For this study site in Oklahoma, and for typical winds, the functional maxima are 
typically in the 20 to 50 m distance from the receptor location. 
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An understanding of the geographic scale of analysis (e.g. spatial resolution or temporal 
resolution) are known to have effects on geographic models in other applications (e.g. 
CHOW & HODGSON 2009, KAR & HODGSON 2012). What is the sensitivity of the flux foot-
print model to the geographic scale of analysis? We also suggest the uncertainty in source 
area types can also be related to the spatial autocorrelation in land cover. If the goal is to 
identify the source area types then the precision in geographic source locations may not be 
necessary if the spatial autocorrelation in land cover is high. Thus, consideration of sensi-
tivity of modelled results is a function of not only geographic scale but of the spatial auto-
correlation in land cover types (or autocorrelation in other variables for example).  

In this study we use both actual meteorological station sites (e.g. ARM Southern Great 
Plains AmeriFlux station) and simulated data (to control for spatial autocorrelation) to ex-
amine the functional relationship between geographic scale, spatial autocorrelation, and 
modelled flux output. We analysed the model runs using geographic resolutions from 1 to 
30 meters (the range of appropriate for LandSat satellite observations). We then constructed 
functional relationships between spatial resolution, spatial autocorrelation, and variations in 
modelled output. 

 

Fig. 2: Modelled footprints for composite 30-min observations during 2004 
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3 Results 

Almost 95% of the footprint modelled source area for the year 2004 is contained within 
93 m of the receptor location (Figure 2). Fifty percent of the source area is within 45 m of 
the receptor. Thus, the land use/cover, management practice, and soil-vegetative conditions 
within this 93 m buffered area are the dominant control of carbon flux observed at the re-
ceptor location. Using larger cell sizes (e.g. 100 m, 500 m, etc.) clearly demonstrates the 
generalization within this sensitive area. What is immediately apparent is the sensitivity of 
the modelled area to the larger cell sizes, such as Aqua/Terra MODIS (250 m to 1000 m) 
imagery. The use of moderate resolution imagery, such as the freely available Landsat 
(15 m or 30 m) imagery, exacerbates the problem of representing carbon source areas for 
such receptor-based studies.  
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