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Vegetation is a basic component of urban-suburban environments with significant area coverage. Urban 

trees and grass provide a full range of goods and services that are vital to human health and livelihood 

[1]. For instance, urban vegetation has the potential to affect regional biogeochemical cycles, such as the 

carbon cycle, through photosynthesis and respiration.

Quantification of the contribution of urban vegetation to regional carbon budget is important for 

understanding and mitigating many aspects of carbon sinks and sources and by extension global climate 

change. A wide array of remote sensing and ecological modeling approaches has been developed for 

estimating carbon budgets of natural and agricultural ecosystems, but relatively few are available for 

urban and suburban landscapes [2].

The estimation of carbon budgets with remotely sensed imagery becomes more difficult in urban-

suburban areas because of increased spatial heterogeneity and the relatively low resolution of imagery 

data. High spatial resolution remote sensing provides great opportunities to detect fine details on the 

ground. However, significant shadows in acquired images also create problems in applying these images 

to land cover classification [3]. Shaded areas are usually left unclassified or simply classified as 

shadows. As a result, a significant portion of land cover including vegetation coverage is lost, and thus 

the accurate estimation of vegetative carbon uptake becomes difficult.

QuickBird imagery data of Roseville in Minnesota were used in this study to estimate primary 

production and carbon uptake by turf grass. We first developed a multi-stage image classification 

scheme to map major land cover types including turf grass. One of the land cover classes was inevitably 

shadows, which accounted for about 7% total land cover in the study area. The analysis of 



spectroradiometric properties of shadows (e.g., shadows on impervious surfaces and shadows on turf 

grass) indicated that they are sectroradiometrically different. We took advantage of the high radiometric 

resolution of QuickBird images, recognized the land cover under shadows, and re-classified shadows to 

different informational classes. The shadow-resolved land cover map was used to extract urban 

vegetation and determine the spatial patterns of turf grass.

To restore spectral information of shadow areas in the QuickBird imagery, K-nearest neighbor 

algorithms were applied to resample digital numbers for every single shadow pixels. The shadow 

restoration was conducted separately for each of the four spectral bands of the QuickBird data. The 

shadow-free multispectral images were used to estimate necessary input parameters, e.g., NDVI, in a

remote sensing-driven carbon model. Both shadow-resolved turfgrass cover map and shadow-free 

QuickBird images were introduced to the carbon model to estimate the net primary production and 

carbon uptake of turf grass. The result showed that urban vegetation accounted for about 60% of the land 

surface in this residential neighborhood, among which more than 50% was turf grass. The carbon uptake 

of turf grass varied significantly across the study area. However, golf grass constantly had high 

productivity and contributed considerably to carbon uptake.
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