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Abstract:  The availability of ZY-3 satellite data provides additional potential for 

surveying, mapping, and quantitative studies. Topographic correction, which eliminates the 

terrain effect caused by the topographic relief, is one of the fundamental steps in data 

preprocessing for quantitative analysis of vegetation. In this paper, we rectified ZY-3 

satellite data using five commonly used topographic correction models and investigate 

their impact on the regression estimation of shrub forest leaf biomass obtained from sample 

plots in the study area. All the corrections were assessed by means of: (1) visual inspection 

(2) reduction of the standard deviation (SD) at different terrain slopes (3) correlation 

analysis of different correction results. Best results were obtained from the Minnaert+SCS 

correction, based on the non-Lambertian reflection assumption. Additional analysis 

showed that the coefficient correlation of the biomass fitting result was improved after the 

Minnaert+SCS correction, as well as the fitting precision. The R
2
 has increased by 0.113 to 

reach 0.869, while the SD (standard deviation) of the biomass dropped by 21.2%. 

Therefore, based on the facts, we conclude that in the region with large topographic relief, 

the topographical correction is essential to the estimation of the biomass. 
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1. Introduction  

Shrub biomass is one of the best indicators of shrub productivity and an important input for the 

study of ecological systems; at the same time, biomass is an important basis of the material cycle and 

the energy conversion. Shrubs can grow well under dry and cold climates, no matter if the soil is fertile 

or not, dry or wet, thus shrubs play a major role in water and soil conservation, as well as in ecological 

protection and restoration. However, many studies on shrubs put more emphasis on the physiological 

and chemical characteristics [1], or growth pattern [2] instead of quantitative parameters, such as 

biomass [3,4]. Furthermore, shrubs grow mostly in arid areas as well as in semi-arid mountains, where 

the illumination often results in the canopy surface oriented towards the sun receiving more solar 

radiation than that oriented away from the sun on the opposite slope. This radiation difference caused 

by the topographic relief in the remote sensing image, apart from the anisotropic reflection properties 

of the ground (Bidirectional Reflectance Distribution Function, BRDF effects), is called the 

topographic effect. As a result, it has been recognized as an important factor responsible for the same 

object having different spectral response in images obtained from mountainous area [5], which 

seriously affects the quantitative inversion of vegetation parameters, as well as surface parameters. 

Topographic correction refers to transformation of the radiation brightness values or reflectance of 

all pixels from the slanted to another reference plane (usually horizontal plane) in order to eliminate 

the terrain effect caused by the topographic relief, so that the same objects with different solar azimuth 

show the same spectral response [6]. Over the past 30 years, various topographic correction methods 

have been developed. Early in the 1980s, Teillet et al. [7] presented the Cosine model based on the 

assumption of single band bidirectional reflectance parameters, and then improved it to a new 

algorithm, which is known as the C correction model [8]. However, because of the defects of the 

assumption based on the Lambertian reflection, the result has the problem of overcorrection.  

Huang et al. [9] further promoted an improved C correction method, which simplified the calculating 

process on the premise of the correction effect. Afterwards, Gu and Gillespie [10] proposed the SCS 

(Sun-Canopy-Sensor) model from the view of the relationship between vegetation canopy and sun 

radiation; by introducing a regulation parameter C, the model was enhanced and named SCS+C  

model [11]. In view of defects of Lambertian reflection theory, by introducing the empirical constant k, 

Smith [12] proposed the famous Minnaert model based on the non-Lambertian reflection theory, which 

solved the problem of excessive correction. Reeder [13] simplified the parameters of the Minnaert 

model, and introduced the principle of the SCS algorithm into the Minnaert+SCS correction model. 

More recent studies by Stijn and Emilio [14] compared the different topographic correction results on 

multitemporal Landsat ETM+ data. The statistical results showed that for a single image, the C 

correction model and the Minnaert model are ideal, while for multitemporal data, the C correction is 

better. Shi Di et al. [15] proposed a new topographic correction model by introducing the concept of 

the radiation-scaling factor. Combined with a lookup table established by the 6S atmospheric 
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correction model, the new model only needs the solar azimuth parameters and the atmospheric model 

as input parameters, which simplified the physical model considerably. Ediriweera et al. [16] assessed 

the performance of five topographic corrections including PSSSR (Processing Scheme for 

Standardized Surface Reflectance) on the Landsat 5 TM reflectance in the context of prediction of FPC 

(Foliage Projective Cover) in hilly landscapes in North-Eastern Australia; the visual and statistical 

results showed that the PSSSR method had the best performance in terms of eliminating topographic 

effects. Along with the wide applications of remote sensing in the field of ecological environment, the 

improvement of the quantitative analysis accuracy is the key to the earthôs surface and vegetation 

parameters inversion. Therefore, geometric correction, topographic correction, atmospheric correction 

and many other data normalization steps are especially important. In this paper, on the basis of 

previous studies, we compared five different topographic correction methods on ZY-3 multi-spectral 

imagery over Beijing Jundushan Mountain, and analyzed the impact of using different correction 

models on the estimation of shrub leaf biomass, in order to provide a reference for the subsequent 

mountain shrub vegetation biomass inversion study on the selection of the optimal topographic 

correction method. 

2. Material  and Methods 

2.1. Study Area  

The study area is located in the north of Jundushan Mountain, in Beijing, consisting of north of 

Changpin County, northeast of Yanqing County, mid-south of Huairou County, and west of Miyun 

County (Figure 1). The altitude is 587 m on average, ranging from 182 m to 1503 m, and the maximum 

and mean slope calculated from DEM (Digital Elevation Model) are 76.2° and 22.8°. The climate 

belongs to the temperate semi-humid continental monsoon climate, where the annual average 

temperature is about 2ï11 °C  and the mean annual precipitation is 450ï660 mm depending on the 

altitude. Shrubs are widely distributed in this area. Moreover, deciduous broadleaved forest and 

temperate coniferous forest are the dominant types of forest vegetation in this area, such as Quercus, 

Tilia, Fraxinus, Acer, Populus, Pinus tabulaeformis, and Biota orientalis. The main shrub types are Vitex 

negundo, Spiraea trilobata, Myripnois dioica, and Deutzia grandiflora. In this area, dominant species 

distribution are usually mixed, for example, Vitex negundo mixes with wild Jujube, Vitex negundo mixes 

with Spiraea trilobata and Prunus armeniaca, Vitex negundo mixes with Spiraea trilobata and 

Myripnois dioica, etc. 

2.2. Data Acquisition and Processing 

2.2.1. Satellite Image Data and DEM 

The ZY-3 image was acquired on 22 August 2012. The solar zenith angle is 29.58° and the solar 

azimuth angle is 147.80°. The ZY-3 satellite operates in a sun-synchronous round orbit at an altitude  

of 506 km, with a global coverage every 3ï5 days. Four cameras are carried on the ZY-3 platform, 

namely a 2.1 m resolution nadir looking panchromatic TDI (Time Delay Integration) CCD camera, a 

pair of 3.5 m resolution front and backward looking panchromatic CCD cameras and one 5.8 m 
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resolution nadir looking multi-spectral CCD camera. The multi-spectral camera has 4 bandsðBlue 

(0.45ï0.52 µm), Green (0.52ï0.59 µm), Red (0.63ï0.69 µm), and Near-infrared (0.77ï0.89 µm). 

Figure 1. Schematic plot of the study area location. 

 

Compared with other resources satellites launched by China, ZY-3 has higher spatial resolution, 

higher geometric accuracy as well as better positioning accuracy. In addition, it has tilt capability and 

stereo mapping capability at 1:50,000 scale. The experiments in this research suggested that a DSM 

(Digital Surface Model) could be extracted from the front and back view of high-resolution 

panchromatic data. Through geometric correction with a 1:50,000 relief map and resampling a DEM 

could be produced at a spatial resolution of 10 m. 

2.2.2. Field Sampling Data 

The field investigation is part of the ñNational Remote Sensing Investigation and Evaluation of the 

Ecological Environmental Changes in Ten Yearsò starting in June 2012. During three months, 1206 points 

were checked and more than 300 samples were collected, which covered all over Beijing and 

concentrated in the northern mountains. And the field investigation in the study area was carried out in 

August. According to the geographical distribution of the shrub and the area characteristics, altitude 

and shrub types, thirty 100 m × 100 m sample plots were set up, and from each plot three 30 m × 30 m 

regions were set, in which three 10 m × 10 m small squares were used. Due to the limits of the terrain 

and weather condition, we acquired 84 effective group samples in all of 90 sample regions. 


