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Abstract: The availability of Z¥3 satellite data providesdditional potential for
surveying mapping, and quantitative studies. Topograghicection which eliminates the
terrain effect caused by the topographic relisfone of thefundamentalstepsin data
preprocessing for quantitativenalysisof vegetation.In this paper,we rectified ZY-3
satellite datausing five commonly used topographic correction models and investigate
theirimpact on the regression estimation of shrub forest leaf bicotasmed from sample
plotsin the study aredll the corrections were assessedrbeans af(1) visual inspection
(2) reducion of the standard deviation (S} different terrain slope§3) correlation
analysisof differentcorrectionresults Best results were obtainém the Minnaert+SCS
correction based on the nebamberian reflection assumptionAdditional analysis
showved thatthe coefficient correlation of the biomass fitting result was improved #fter
Minnaert+SCSorrection as well as the fitting precision. TR has increased by 0.113 to
reach 0.869, while theSD (standarddeviatior) of the biomassdroppedby 21.2%.
Therefore based on the factse concludethat inthe regionwith largetopographiaelief,
thetopographical correction is essential to the estimation of the biomass.
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1. Introduction

Shrub biomass isne ofthe best indicatsrof shrub productivityand an importaninput for the
study of ecological systesnat the same time, biomassais importantbasisof the material cycle and
theenergy conversiorshrubs can grow well undeiry and coldclimates, no matteif the soil isfertile
or not, dry or wetthus shrubglay a major role in water and soil conservation, as wetfi asological
protection and restation. Howevermanystudieson shrubsput more emphasisn the physiological
and chemical characteristi¢$], or growth patterr{2] instead of quantitative parameters, such as
biomasg3,4]. Furthermoreshruls grow mosly in arid areas as well as semtarid mountainswhere
the illumination often results ithe canopy surfaceriented towards the sumeceivingmore solar
radiationthan that oriented away from the sun on the opposif®.sThis radiationdifferencecaused
by the topographic reliehithe remote sensing imagagpart from the anisotropic reflection properties
of the ground Bidirectional Reflectance Distribution Function, BRDF effects), is called the
topographic effect. As a result,lis been recagged as an important factoesponsible fothe same
object having different spectra response in images obtained from mountainous EBgawhich
seriously affedthe quantitative inversion of vegetation parameters, as well as surface parameters.

Topographic correction refe to tansformation ofthe radiation brightness values reflectanceof
all pixelsfrom the slantedo arother reference plane (usually horizontal plane) in order to eliminate
the terrain effect caused liyetopographic elief, so that the same objects hdifferent solar azimuth
showthe same spectral resporiég. Over thepast 30 years/arioustopographic correction methsd
have beendeveloped Early in the 1980s, Teilletet al. [7] presentedhe Cosine model based on the
assumption of single band biditeonal reflectance parameterand then improved it to a new
algorithm, whichis known asthe C correction mode[8]. However, because of the defectstioé
assumptionbased onthe Lambertian reflection, the result has the problem of overcorrection.
Huanget al.[9] further promotedan improved C correction method, which simplified the calculating
process on the premise of the correction effect. Afterwards, Gu and Gill@Spieroposed the SCS
(SunCanopySensor) model from the view of the relatibips between vegetation canopy and sun
radiation by introducinga regulation paramete€, the model was enhanceahd namedSCS+C
model[11]]. In view of defects oLambertan reflection theory, by introduagthe empirical constank,
Smith[12] proposed théamousMinnaert model based on the nRbambertianreflection theorywhich
solved the problem of excessive correcti®eeder[13] simplified the parameters othe Minnaert
model, and introduced the principle thie SCS algorithm intadhe Minnaert+SCS correction model.
More recent studies by Stijn and Emi[idd] compared the different topographic correction results on
multitemporal Landsat ETM+ dat The statistical results showed that for a single imale,C
correction model anthe Minnaat modelareideal, while for multitemporal datdéihe C correction is
better. Shi Diet al.[15] proposeda new topographic correction model by introducing the concept of
the radiationscaling factor. Combined witla lookup table established by the 6S atmospheric
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correction model, the new model omigedsthe solarazimuth parameters anide atmospheric model

as input parametgrwhich simplified the physical modebnsiderablyEdiriweeraet al.[16] assessed

the performanceof five topographic corrections including PSSSR (Processing Scheme for
Standardied Surface Reflectance) on the Landsat 5 TM reflectance in the context of prediction of FPC
(Foliage Projective Cover) in hilly landscapesNorth-EasternAustralig the viswal and statistical
results showed that the PSS8Rthod hadthe bestperformancein terms of eliminating topographic
effects.Along with the wide applicatiomof remote sensing in the field of ecological environmtrd,
improvament ofthe quantitativeanalysisaccuracyis the keyto the eartlis surface and vegetation
parameters inversion. Therefore, geometric correction, topographic correction, atmospheric correction
and many otherdata normalization stepare especiallyimportant In this paper, on théasis of
previous studiesye compared five different topographic correctioethods orzZY-3 multi-spectral
imagery overBeijing Jurdushan Mountain and analyzedthe impact of using different correction
modelson the estimation of shrub leaf biomass order to providea reference for the subsequent
mountain shrub vegetation biomass inversion study on the selectitime abptimal topographic
correction method.

2. Material and Methods
2.1.Sudy Aea

The study area is located in the north of JghadmMountain in Beijing, consisting of north of
ChangpinCounty, northeast of Yangin@ounty, midsouth of HuairouCounty, and west of Miyun
County (Figurel). Thealtitudeis 587 m on averageranging from 182n to 1503m, and the maximum
and mean slope @llated from DEM(Digital Elevation Model)are 76.2°and 22.8° The climate
belongs tothe temperate semrhumid continental monsoon climate, whetiee annual average
temperature is abouti 21 € and the mean annual precipitation is 4850 mmdepending orthe
altitude. Shrubs are widely distributed in this area. Moreover, deciduous broadleaved forest and
temperate coniferous forest are th@minanttypes of forest vegetation in this area, suclQasrcus
Tilia, Fraxinus Acer, Populus PinustabulaeformisandBiota orientalis The main shrub types avétex
negundo Spiraeatrilobata, Myripnois dioica, and Deutziagrandiflora. In this area, dominant species
distribution are usually mixed, for examplétex negundamixeswith wild Jujube Vitexnegundamixes
with Spiraea trilobata and Prunus armeniaca Vitex negundo mixes with Spiraea trilobata and
Myripnoisdioica, etc.

2.2. Data Acquisition and Processing
2.2.1. Satellite Image Data and DEM

The ZY-3 image was acquired on 22 Aigj2012. The solar zenith angle is 29.58°and the solar
azimuth angle is 147.80°? The Z8 satellite operates in a sggnchronous round orbit at an altitude
of 506 km, with a global coverageexy 3 5 days. Four cameras are carried on the3ZMatform,
namely a 2.1 m resolution nadir looking panchromdii2l (Time Delay IntegrationCCD camera, a
pair of 3.5 m resolution front and backwalooking panchromatic CCD cameras and one 5.8 m
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resolution nadir lookingnulti-spectral CCD camera. The medfpectralcamera has 4 baniiBlue
(0.45 0.52pum), Green (0.520.59um), Red (0.6B0.69um), and Neainfrared (0.770.89um).

Figure 1. Schematic plot of the study area location.

Compared with other resouscsatelliteslaunched by ChinazY-3 has higher spatial resolution,
higher geometric accura@s well asetterpositioning accuracy. In addition, it hti capability and
stereo mappingapmbility at 1:50000 scale. The experiments in this research suggested s
(Digital Surface Model) could be extracted from the front and bawkv of high-resolution
panchromatic datarhrough geometric correction witn1:50000 relief map andesampling e©EM
could be producedt aspatial resolution 010 m.

2.2.2 Field Sampling Data

The field investigation is part of thi@&ational Remote Sensing Investigation and Evaluation of the
Ecological Environmeial Changes in Ten Yearstartingin June2012. Duringhreemonths, 1206 points
were checked and more than 300 samples were colleateidh covered all over Beijing and
concentrated in the northern mountains. And the field investigation in the studyaseariedoutin
August. According tdhe geographical distribution of the shrub and the atearacteristicsaltitude
and shrubypes, thirty 100 nx 100 m sample plotaereset up andfrom each plothree 30 mx 30 m
regionswereset in which three 10 mx 10 m smallsquares were useBue tothe limits of theterrain
and weather condition, we acquired 84 effective group sanmpédisof 90 sample regions.



