Plot-level BRDF Measurements Using Digital Hemispherical Photography (DHP): Examples From A Maize Field
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Abstract: Bi-directional reflectance distribution function (BRDF) characterizes the anisotropic reflectance of a target and is a function of illumination and viewing geometry. BRDF is critical for understanding remote sensing mechanism and estimating optical and structural information of the land surface. From a strict physical point of view, common field instruments measure the hemispherical-conical reflectance factor (HCRF), i.e., the surface reflectance in a given conical observational angle with respect to a reference standard, as illuminated with irradiance from a hemispherical sky. Many field HCRF observational instruments have been developed, such as FIGOS, GRASS and PARABOLA. However, most of these instruments are structurally complicate, labor demanding and time consuming. With the current instruments, only single-point data are usually acquired during a short time period whereas long time series data are difficult to obtain. This study presents a new and simple approach for plot-level HCRF measurement utilizing a commercial digital hemispherical photography (DHP) camera. The calibrated DHP camera were installed on an portable stand with a downward view, which takes about 50 HCRF images from all view angles along a field transect within 10 minutes. The reflectance data from multiple points were first filtered using an equal-ground-FOV method and then averaged into a plot-level HCRF data. The new approach was tested and time series HCRF data were successfully obtained over a maize field during the 2013 summer. To validate the new approach, canopy structural variables were inverted from the DHP measured HCRF data using a look-up table simulated from a canopy radiative transfer model ACRM. The retrieved leaf area index (LAI) data show good agreement with field measurements (RMSE < 0.5). The ACRM simulated reflectance also fits the measured HCRF very well (RMSE < 0.05). The results indicate that the new HCRF measurement approach is effective and promising for BRDF measurement and validation.
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