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Abstract – The presence of atmospheric and topographic effects in satellite images is inevitable, which may reduce 

image information content. A standard procedure for improving satellite images is topographic and atmospheric 

correction during preprocessing. The topographic effect on satellite images is not an error but a distortion caused by 

solar and surface geometries. Surfaces facing toward the Sun tend to be bright, whereas surfaces facing away from the 

Sun are usually dark. This effect is strongly related to the solar surface incident angle, and it is one of the main factors 

that increases the spectral variation in satellite images. The objective of this paper is to review the commonly available 

methods for topographic correction. The spectral variation may reduce the accuracy of processes, such as surface 

topographical classification, which can limit the capability of autonomous remote sensing applications. Many have 

tried to reduce the effect of topography and achieved great success; however, most methods are complicated and require 

many parameters. The topographic correction methods can be categorized into two groups: empirical and physical 

methods. In this paper, a total of six empirical methods were reviewed, including Cosine correction (CC), Statistical-

Empirical (SE) correction, Minnaert (MIN) correction, Shepherd and Dymond’s (SD) Correction Method, Sun-canopy-

sensor (SCS) Models and Path Length Correction (PLC) Method. The algorithms and models used in the physical 

topographical correction method were also discussed. Parameters related to the topographic correction algorithm were 

reviewed in detail. This paper reviewed a total of six common topographic correction methods and seven assessment 

methods for topographic correction. 
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1.0 Introduction 

The process of topographic correction involves removing part of the information from satellite 

images to improve the topographic variation caused by surface and solar geometry (Dong, et al., 

2020). This results in some reduction of information in the satellite images. Topographic correction 

affects the brightness of slopes facing the sun, which will decrease, while those facing away from the 

sun will increase in brightness after correction (Yin, et al., 2022). As topographic correction affects 

each pixel in the image differently, it also reduces the radiometric quality. When a shaded surface is 

brought to light in the correction process, the digital number in that particular pixel is multiplied by 

a factor calculated by the algorithm that normalizes the dark surface to its surroundings. However, 

this factor also reduces the radiometric resolution of the pixel, resulting in a relatively lower signal-

to-noise ratio and increasing the probability of salt and pepper effects in the shaded area. 

The uneven solar illumination is a natural phenomenon that is caused by the uncertainty of 

surface elevation. In the technical term, uneven solar illumination is due to the changes in solar 

incident angle on the surface toward the Sun, which is described as topographic distortion in remote 

sensing images. This unevenness allows us to create a perception of the third dimension from a two-

dimensional image (Wallach and O'connell, 1953). In computer vision, this condition may cause 

problems in the interpretation process and affect the accuracy.  

In accordance with previous studies, topographic correction methods can be categorized into two 

groups: empirical and physical methods (Yin et al. 2018). Empirical methods, such as cosine 

correction (CC) by (Teillet et al. 1982), sun-canopy-sensor with diffuse effect correction (SCS+C) 

by Soenen et al. (2005), statistical-empirical (SE) by Teillet et al. (1982), and Minnaert (MIN) 

correction by Minnaert, (1941) do not require much ancillary data by Sola et al. (2016). The 

procedure is easy to implement due to its simplicity. However, the output of empirical methods does 

not have any physical meaning, which limits its application (Blesius and Weirich, 2005). Gao and 

Zhang (2009) used data from Landsat‐7 Enhanced Thematic Mapper Plus (ETM+) images for 

topographic correction. In addition, Vanonckelen et al. (2017) examined the effect of topographic 

correction on land cover classification accuracy, while Federico et al. (2022) investigated the 

influence of topographic correction on the analysis of vegetation indices. Besides, Dong et al. (2020) 

and Yin et al. (2022) used Landsat data in their studies to improve the accuracy of forest tree species 

classification. 
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Physical methods, on the contrary, consider the propagation of solar irradiance from the 

atmosphere top to the ground and reflect to sensors along with other radiance, such as atmospheric 

scattered radiance and multisurface reflectance. They employ a radiative transfer model to calculate 

the energy arriving at the Earth’s surface and apply the cosine law to calculate the surface incident 

angle (Huang et al. 2008). Using a physical model avoids the need for empirical parameters thus 

achieving high consistency and can overcome the overcorrection problem in cosine and sun-canopy-

sensor (SCS) models (Shepherd and Dymond, 2003).  

Many attempts have been made in the past to reduce the impact of topography with great success, 

but most methods are complex and require numerous parameters. To address this issue, the objective 

of this review paper was to review the commonly available methods for topographic correction. that 

can quantify, reduce, and induce topographical effects on satellite images by exploring the 

relationship between direct and diffuse solar irradiance. 

Multi-temporal studies in remote sensing require images to be homogenized in radiometric and 

geometric terms to better identify changes in the images. Topographic correction is one of the 

essential steps in creating radiometrically stable time series satellite images (Hantson and Chuvieco, 

2011). Compared to the large number of atmospheric correction algorithms, relatively little attention 

has been given to correcting topographic illumination. 

Topographic distortion is a complex problem in remote sensing because of its irregular nature, 

as noted by Fan et al. (2018). Topographic effects occur naturally and are inevitable. When the sun 

shines on the Earth's irregular surface, areas facing towards the sun appear brighter, while areas 

facing away from the sun appear dimmer. Changes in solar intensity are due to changes in the surface 

solar incident angle. The position of the sun is not constant due to the Earth's orbit, which increases 

the complexity of solar geometry calculations. This study identified four main problems with 

topographic distortion: (1) each satellite image is affected uniquely by topography, (2) the 

topographic effect can impact the accuracy of satellite images, (3) existing physical topographic 

correction algorithms require many parameters that may be unavailable, and (4) topographic 

correction can remove part of the information in satellite images in addition to reducing the 

topographic effect. 

In section 1, the background of the study is introduced, followed by a discussion of the problem 

that motivated the study. The objectives of the study are also presented, along with an explanation of 

the significance and scope of the research. 
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Section 2 begins with a review of commonly available topographic correction methods, including 

a discussion of the algorithm and model used in physical topographic correction. The section also 

discusses common assessment methods used in topographic correction, as well as parameters related 

to the topographic correction algorithm. Section 3 provides a detailed description of the assessment 

methods used in the study for topographic correction. Section 4 contains two case studies conducted 

as part of the review paper. Finally, section 5 presents a summary of the review paper. 

 

2.0 Methodology 

The six most common topographic correction methods, which are the CC, SE, MIN correction, 

SCS, Shepherd and Dymond’s (SD), and path length correction (PLC) methods, are discussed in 

this paper. The topographic correction methods can be categorized into two groups: empirical and 

physical methods. In this paper, a total of six empirical methods were reviewed, including Cosine 

correction (CC), Statistical-Empirical (SE) correction, Minnaert (MIN) correction, Shepherd and 

Dymond’s (SD) Correction Method, Sun-canopy-sensor (SCS) Models and Path Length Correction 

(PLC) Method. Table 1 shows the methods discussed along with their expressions. Some 

topographic correction methods have been made available in the past few decades. However, the 

performance of topographic correction methods was not standardized. From the literature, the 

evaluation methods used to evaluate topographic correction methods are different, unstandardized 

are hardly comparable (Hantson and Chuvieco, 2011 and Sola et al. 2016). Study areas are also 

different with diverse land cover, topography and solar geometry, which have a direct impact on 

the magnitude of the reduction of the topographic effect. In accordance with Hantson and 

Chuvieco, (2011), before 2011, most of the topographic correction methods were not rigorously 

evaluated because studies only considered images with good illumination conditions and the 

impact of land covers was not commonly assessed. The first study that addressed this problem was 

Richter et al. (2009), which evaluated different topographic effects with various land covers.  

Nevertheless, the study images were taken under favorable illumination conditions, which naturally 

produced enhanced results and did not fully exhibit the full potential of topographic correction 

methods. 

In Hantson and Chuvieco, (2011), the authors used 8 topographic correction methods to improve 

15 Landsat ETM images topographically and assessed them with 2 assessment procedures. The 

topographic correction methods involved in this study were CC, empirical-statistical, empirical-
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statistical_NDVI, C-correction, C-correction_NDVI, MIN with slope, MIN with slope_NDVI, and a 

modified MIN. Fifteen Landsat images at the central part of the Iberian Peninsula with different solar 

geometries were topographically improved, which returned 120 results. The methods used to assess 

these results were (1) calculating the changes in the standard deviation of pixel value from the same 

land cover over different slopes and aspects and (2) measuring the temporal stability of a time series 

at individual pixels. The results indicated that empirical-statistical method and C-correction produced 

the best results in terms of the homogeneity of different land covers. In terms of temporal stability, 

the proof of the empirical-statistical was superior to those of the other methods. However, a good 

result was only possible when the necessary parameters were estimated independently for each land 

cover (Gao et al. 2016). As a result, artifacts were formed at the border of the land covers. The two 

main reasons for the formation of the artifacts are  

(1) the large number of mixed pixels and  

(2) the application of different parameter to each land cover,  

which caused discontinuity among the classes of land covers (Hantson and Chuvieco, 2011). To 

improve the topographic correction, a better resolution of digital elevation model (DEM) with 

topographical match with satellite images and better separation of land covers are necessary. 

Table 1. Summary of The Discussed Topographic Correction Methods. 

Topographic correction 

methods 

 
Expression Author 

Cosine correction 

(CC) 

 
𝐿𝑐 =  𝐿(cos 𝑎 / cos 𝜃) Teillet et al. (1982) 

  

Civco’s method   𝐿𝑐 =  𝐿 + 𝐿(cos ∅ − cos 𝜃)/ cos ∅ Civco, (1989)   

C-correction  𝐿𝑐𝜆 =  𝐿𝜆[(cos 𝑖𝑧 − 𝐶𝜆)/(cos 𝜃 − 𝐶𝜆)] Teillet et al. (1982)   

Statistical–empirical 

(SE) 

 
𝐿𝑐𝜆 =  𝐿𝜆 − (acos 𝜃 + 𝑏𝜆) + 𝐿𝜆

̅̅ ̅ Teillet et al. (1982) 
  

Minnaert (MIN) 

correction 

 
 𝐿𝑐𝜆 =  𝐿𝜆 (

cos 𝑖𝑧

cos 𝜃
)

ℳ

 Minnaert, (1941) 
  

 Dymond’s correction 

(SD 

 
𝐿 =  

𝜌ℎ
𝑑𝑖𝑟𝐸𝑑𝑖𝑟/𝛾 + 𝜌ℎ

𝑑𝑖𝑓
𝐸𝑑𝑖𝑓

𝜋
 Shepherd and Dymond, (2003) 
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 sun-canopy-sensor 

(SCS) 

 
𝐿𝑐 =  

𝐿(cos α cos 𝑖𝑧)

cos 𝜃
 Shepherd and Dymond, (2003) 

  

 sun-canopy-sensor 

with diffuse effect 

correction (SCS+C) 

 

𝐿𝑐 =  
𝐿(cos α)(cos 𝑖𝑧)

cos 𝜃 + 𝐶
 Shepherd and Dymond, (2003) 

  

Path length correction 

(PLC) 

 
𝜌𝑃𝐿𝐶 = 𝜌𝑡  

𝑆(Ω1) + 𝑆(Ω2)

𝑆𝑡(Ω1) + 𝑆𝑡(Ω2)
 Yin et al. (2018) 

  

    

 

2.1 Cosine correction (CC) 

One of the pioneers and widely discussed topographic correction methods is the CC method 

(Hantson and Chuvieco, 2011) and Sola et al. 2016), which can be expressed in Equation (1), 

Lc =  L(cos α / cos θ)    (1) 

Where: Lc is the corrected radiance. 

L is the reflected radiance of the terrain. 

α is the slope angle. 

θ is the incident angle. 

This algorithm is easy to apply due to its simplicity and does not require any external parameter. 

However, it ignores the contribution of diffuse irradiance (Yin et al. 2018) and has been reported to 

present overcorrection under poor illumination (Hantson and Chuvieco, 2011), Huang et al. 2008 

and Shepherd and Dymond, 2003)]. A few alternative approaches were introduced after CC. One of 

the new algorithms is that proposed by Civco, (1989) in Equation (2), which considers the average 

illumination in the calculation. 

 Lc =  L + L(cos ∅ − cos θ)/ cos ∅̅           (2) 

Where: ∅̅ is the mean illumination angle.  

CC and the method proposed by Civco (1989) are wavelength independent, which do not consider 

diffuse irradiance. To account for the transmission of different wavelengths and diffuse irradiance, 

C-correction was proposed. C-correction uses Cλ as the wavelength-dependent empirical constant to 

account for diffuse irradiance (Equation 3).  

Lcλ =  Lλ[(cos iz − Cλ)/(cos θ − Cλ)]        (3) 

Where: iz is the incoming solar zenith angle. 
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Cλ is a wavelength-dependent empirical constant, which can be calculated using Equation (4). 

Cλ =  Bλ/mλ                            (4) 

Where: Bλ and mλ are the regression coefficients of band reflectance and illumination. 

 

2.2. Statistical-Empirical (SE) correction 

The SE method is one of the empirical methods that do not require much ancillary data. It 

assumes that radiance varies due to the topography proportional to all wavelengths (Sola et al. 2016) 

(Equation 5). 

Lcλ =  Lλ − (acos θ + bλ) + Lλ
̅̅ ̅    (5) 

Where: bλ is the exponent of diffuse sky irradiance 

        Lλ ̅̅ ̅̅  is the mean radiance of the image for band λ. 

 

2.3. Minnaert (MIN) correction 

One of the most cited topographic corrections on non-Lambertian reflection is the Minnaert 

correction (Minnaert, 1941). In Equation (6), Minnaert constant, ℳ is used to present the weight of 

anisotropic reflectance (Minnaert, 1941 and Bishop and Colby, 2002). 

Lcλ =  Lλ (
cos iz

cos θ
)

ℳ

     (6) 

 Owing to the dependency of MIN constant on wavelength, land cover type, phase angle and 

training samples are required for statistical regression to derive each MIN constant (Gao et al. 

2016). The MIN constant has a value between 0 and 1 with 1 being the perfect Lambertian 

reflector.  

Further improvement of the MIN method includes the method proposed by Bishop and Colby, 

(2002), which includes slope angle in the calculation, and the method proposed by Gao et al. 

(2016), namely, MIN-E which includes the effect of sky isotropic scattering. In accordance with 

other research, the performance of MIN-E is considerably better than that of its predecessor (Gao et 

al. 2016).  

One of the disadvantages of this approach is the fact that MIN constant is land cover and 

wavelength dependent, which should be determined separately. This condition increases the 

complication of the application since land-cover maps are often unavailable (Hantson and 

Chuvieco, 2011).  
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2.4. Shepherd and Dymond’s (SD) Correction Method 

SD is a new physical method, that considers the bidirectional reflectance distribution function 

(BRDF) in reducing the topographic effect, which is different from previously discussed methods 

(Shepherd and Dymond, 2003). This physical method requires a radiative transfer model to 

estimate the direct and diffuse irradiance on a surface. Sun angle and viewing geometries are 

explicitly involved in the calculation. The general equation for describing the observed brightness is 

expressed in Equation (7). 

L =  
(ρh

dirEdir/γ)+(ρh
difEdif)

π
   (7) 

Where: ρh
dir is the surface reflectance for direct irradiance. 

ρh
dif is the surface reflectance for diffuse irradiance. 

Edir is the direct solar irradiance on a horizontal surface. 

Edif is the diffuse solar irradiance on a horizontal surface. 

γ is the relationship between sloping and horizontal surfaces. 

The proposed method first estimates the direct and diffuse irradiance on a horizontal surface by 

using Second Simulation of the Satellite signal in the Solar Spectrum (6S). Afterward, DEM is used 

to calculate the incident angle for a sloping surface, followed by a cast shadow algorithm that is 

used with the known solar position to produce a binary shadow mask. The author also added a sky-

viewing factor (V) in the calculation to improve the estimation of the contribution from diffuse 

irradiance. The value of V can be calculated using Equation (8), where s is the slope angle. 

V =  
1+cos s

2
                     (8) 

However, the canopy structure is not accounted for in this method, which causes unsatisfactory 

topological correction in some cases (Yin et al. 2018 and Richter et al. 2009).  As suggested by 

Yin et al. (2018), the SD method is suitable for isotropy land cover, that focuses on relative 

accuracy rather than biophysical parameter retrieval that focuses on high absolute reflectance 

accuracy.  
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2.5. Sun-canopy-sensor (SCS) Models  

Most of the topographic correction methods discussed previously did not considers bidirectional 

reflectance distribution function (BRDF). One popular method to account for BRDF is the use of 

the SCS correction, which is also a pioneering method in BRDF correction (Yin et al. 2018). The 

expression of SCS is shown in Equation (9). This method assumes that the main contribution factor 

of pixel reflectance is from sunlit canopy (Yin et al. 2018). Similar to CC, pixels with large 

incident angles over slopes facing away from the Sun are probably overcorrected Huang et al. 

(2008). 

Lc =  
L(cos α cos iz)

cos θ
    (9) 

One of the important disadvantages mentioned by Yin et al. (2018) is that SCS correction does 

not considers the viewing angle effect. This condition may limit its application with a narrow 

viewing angle. To improve the performance of the SCS correction, semi empirical parameter, C, 

was introduced to account for diffuse irradiance and reduce the overcorrection phenomenon, 

namely, SCS+C (Equation 10) (Soenen et al. 2005). Similar to the previous MIN constant (ℳ), C 

is a scene-dependent parameter. Although many studies have adopted this method and achieved 

good results (Thompson et al. 2018 and Qiu et al. 2019), SCS with improved C correction is a 

semi-empirical method that is unsuitable for multitemporal and multisensory comparison (Huang et 

al. 2008). 

Lc =  
L(cos α)(cos iz)

cos θ+C
   (10) 

 

2.6. Path Length Correction (PLC) Method  

A path length is defined as the distance between the top and the bottom of the canopy along with 

a direction relative to the canopy height (Luisa et al. 2008). It is a critical variable that affects the 

radiative transfer within a canopy (Yin et al. 2018) and has been applied to characterize three-

dimensional canopy structures for leaf area index (Yan et al. 2016) and Hu et al. 2018). The path 

length stretches in the upslope direction while compresses in the downslope direction, which is a 

major factor causing BRDF distortion (Yin et al. 2018).  

The derivation of PLC consists of two major steps (Yin et al. 2018). The first step is to simplify 

a radiative transfer equation on the basic of a few assumptions. The first assumption is that the 
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canopy is illuminated only by collimated light while diffuse and surrounding reflected radiation is 

negligible. The second assumption is that the radiance collected by a sensor is only from single 

scattering of leaves while the reflectance from soil and multiple scattering is ignored.  

The second step in PLC is to devise a path length over horizontal and sloping terrain. Corrected 

reflectance can be obtained by substituting the calculated path length from the second step. The 

simplified expression of PLC on a horizontal surface is shown in Equation (11).  

𝜌𝑃𝐿𝐶 = 𝜌𝑡  
𝑆(Ω1)+𝑆(Ω2)

𝑆𝑡(Ω1)+𝑆𝑡(Ω2)
   (11) 

Where: ρPLC is the corrected image. 

𝜌𝑡is the image-observed reflectance. 

S(Ω1) is the path length along the solar direction over flat terrain. 

S(Ω2) is the path length along the viewing direction over flat terrain. 

St(Ω1) and St(Ω2) are the counterparts of S(Ω1) and S(Ω2) respectively, over sloping 

terrain.  

The PLC method has been tested against some topographic correction methods on Landsat 8 

OLI images with results similar to those for an empirical parameter-based method (Yin et al. 

2018). In summary, this correction method provides an efficient way to improve terrain-induced 

canopy BRDF distortion and realize good results, especially over mountainous areas. However, this 

approach is only suitable for forested land cover. A good understanding of land cover is required for 

estimating the path length in every image that will complicate the correction process. 

 

3.0 Assessment methods for topographic correction 

In this review paper, six common topographic correction methods are discussed, along with 

seven evaluation methods. Additionally, the model and algorithm used in the physical modelling 

correction method are explained in detail. These include a digital elevation model, an 

extraterrestrial irradiance model, the calculation of a radiative transfer function, the distribution of 

solar irradiance on a rugged surface, a bidirectional reflectance distribution function (BDRF), and 

the conversion of a digital number to surface radiance. 

This section is divided into three parts. The first section reviews the available topographic 

correction methods. The second section explains the algorithm and model used in this study. 

Finally, the last section discusses the assessment of the correction method. Mishra et al. (2017) 
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presented four methods to assess a topographic correction method, namely the Cosine law, C-

correction, Minnaert methods, and Slope-matching method.  

Sola et al. (2016) presented eight possible ways to assess a topographic correction method.  

They used 10 topographic correction methods to improve several SPOT images. The correction 

methods were C-correction, smoothed C-correction, SCS+C, MIN, modified MIN, pixel-based 

MIN, enhanced MIN, SE, slope matching, and two-stages normalization. In this paper, seven 

evaluation methods will be discussed. They are  

(1) visual inspection,  

(2) incident angle correlation,  

(3) reduction of land cover variability,  

(4) classification accuracy,  

(5) calculation of the difference between north- and south- facing land covers,  

(6) presence of outliers and  

(7) intraclass interquartile range reduction.  

 

3.1 Visual inspection 

Visual inspection is generally the first indicator of the quality of topographic correction 

(Shepherd et al. 2014). However, evaluating results via vision inspection is impractical because it 

does not return any quantitative results and it will vary from people to people. This evaluation 

method has been used by many authors (Yin et al. 2018, Sola et al. 2016 and Gao et al. 2014) in 

assessing the performance of topographic correction. In Gao et al. (2014), topographic correction 

methods (MIN, MIN+E, SCS+C, and C-HuangWei correction) shows positive results which 

indicted the reduction of the topographic effect visually. The author mentioned that methods based 

on the assumption of non-Lambertian reflectance performed better with MIN-E outperforming the 

others.  

 

3.2. Incident angle correlation 

Incident angle correlation is one of the most used quantitative evaluation methods in assessing 

topographic correction methods (Yin et al. 2018 and Sola et al. 2016). Owning to the effect of 

topography, a significant correlation improvement can be observed after topographic correction 

(Yin et al. 2018), especially for a long wavelength due to the reduction of atmospheric scattering.  
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The incident angle correlation method is based on the dependency between solar incident angle 

and the reflected radiance after the correction.  The dependency can be measured through a 

decrease in correlation coefficient (Gao et al. 2014). A lower dependency between radiance and 

incident angle theoretically indicates a better topographic correction. However, this is not always 

the case. In some areas, slope and aspect influence land cover distribution. In such areas, the 

correlation between solar incident angle and radiance should be expected after topographic 

correction (Sola et al. 2016).  

Several studies in the past used this method in comparing the effectiveness of different 

topographic correction methods (Yin et al. 2018 and Sola et al. 2016).  A comparison of 

topographic correction methods by using this evaluation method has shown that PLC, SCS, DS, 

CC, empirical-statistical method, and SCS+C can reduce the correlation between reflected radiance 

and incident angle (Sola et al. 2016).  

 

3.3. Reduction of land cover various variability 

In theory, the land cover homogeneity should increase after topographic correction (Sola et 

al. (2016). The assessment can be performed by using the standard deviation within each land 

cover class (Gao et al. 2014). This assessment method requires prior knowledge of the land cover 

distribution and is affected by the land cover accuracy.  

Several studies have used this method in assessing the results of topographic correction 

methods. In Hantson and Chuvieco, (2011), the assessment showed that CC and the empirical-

statistical method exhibited the best performance when assessing with this method. Studies 

conducted by other researchers also acquired the similar results with this assessment method (Sola 

et al. 2016 and Gao et al. 2014). 

 

3.4. Classification accuracy 

The topographic effect influences the accuracy of classification due to the uneven distribution of 

solar irradiance over land surface from this statement, a topographic corrected image is expected to 

yield a better classification result compared with uncorrected images.  

In Huang et al. (2008), classification assessment was used to determine the effectiveness of the 

SCS method. The assessment results showed that the accuracy of classification results was 

improved from 85% to 89%; particularly, a forest facing away that was previously misclassified 
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was improved. The author mentioned that the SCS method effectively improved the classification 

results, especially in forest and woodland that grow on slopes because they have a high tendency to 

have high spectral confusion.  

Some authors may find this method effective, while others may argue that this assessment may 

entail uncertainties in the classification procedure, which makes it difficult to relate their results to 

the effectiveness of topographic correction methods (Sola et al. 2014 and Hoshikawa and 

Umezaki, 2014). 

 

3.5. Calculation of the difference between north- and south- facing land covers 

Another method for evaluating the effectiveness of topographic correction is to compare the 

reflectance from shaded and sunlit areas (Notarnicola et al. 2014 and Fan et al. 2014). Ideally, 

topographic correction would reduce the difference between shaded and sunlit samples, increasing 

the homogeneity in the areas.  

Some studies have shown that the difference between sunlit and shaded areas in conifer forests 

increases along with the topographical effect (Sola et al. 2016). Most topographic correction 

methods can reduce this difference, and some reduce this difference excessively, which shows a 

negative difference value “A negative value indicates that is image is overcorrected”. Here, the 

modified MIN method shows a significant overcorrection when assess with this evaluation method, 

that is, the pixels from a shaded area have much higher radiance than those from a sunlit area after 

the correction. Other topographical correction methods such as SCS+C, two-stage normalization, 

and pixel-based MIN show acceptable results with some inconsistency, whereas slope matching 

and the SE method are the most successful in this assessment (Sola et al. 2016). 

 

 

3.6. Presence of outliers 

Outliers are caused by pixels that are weakly illuminated. When a topographic correction 

method fails at correcting those pixels, it may result in an abnormally low or high value from the 

pixels, also known as outliers.  An outlier, as defined by Balthazar et al. (2012) is a pixel with a 

value that falls beyond the expected threshold. 

In previous studies, the problematic pixels on weakly illuminated area were usually excluded 

from the evaluation. Some authors suggested that those extreme pixels should be left uncorrected. 
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However, a good topographic correction method should always return minimal outliers hence, the 

proportion of statistical outliers should be evaluated than ignored.  

In Sola et al. (2016), the percentage of outliers on a high solar elevation angle was lower than 

that on a low elevation angle. The smoothed CC method in this case returned the least outlier 

compared with other topographic correction methods.  

 

3.7. Intraclass interquartile range reduction 

In theory, reflectance from the same land cover should exhibit spectral signature with a small 

variance. Owning to the inhomogeneity of solar illumination, the variance of reflectance retrieved 

from uncorrected images is relatively larger than that from corrected images. With the uncertainty 

of total surface irradiance, topographic correction may reduce the radiance range. Hence, the 

reduction of intraclass variance can be measured using statistical measurement as a method of 

assessment of the effectiveness of topographic correction.  

The drawback of this assessment method is that the presence of outliers during topographic 

correction could affect the results of the study (Sola et al. 2016)]. This effect can be reduced if the 

interquartile range is measured due to minimal sensitivity to outliers.  

The reduction of intraclass interquartile range depends on the amount of topographic effect that 

is present in an image. An image with a high topographic effect is expected to have a large 

interquartile range. Consequently, this method is effective in assessing the total amount of corrected 

surfaces. The results from this assessment are expected to correlate with solar incident angle, which 

is partly affected by solar elevation angle. In Sola et al. (2016), the interquartile range difference 

between a topographically corrected result and its original image could be as high as 10%. 

3.8 Summary of topographic assessment methods 

A total of 11 papers from different journals were selected for review based on the seven 

assessment methods for topographic correction. The narrative literature methodology was used in 

this review paper to describe and synthesize the available literature on the topic and provide 

conclusions based on that evidence. A summary of the seven discussed assessment methods is 

presented in Table 2. 
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Table 2. Summary of topographic assessment methods. 

Correction 

Methods 
Reference Short Description  

Visual 

inspection 

(Yin et al. 2018, 

Gao et al. 2016 

and Shepherd et 

al. 2014) 

It is fast and simple to use to detect an 

improvement without any computational 

analysis.  However, the results cannot be 

quantified. 
 

Incident angle 

correlation 

(Yin et al. 2018 

and Sola et al. 

2016) 

Topographic distortion is strongly related to 

solar incident angle. This method examines the 

correlation between an image and incident angle 

by examining the correlation between the data. 

Less correlation means that the topographic 

effect has been suppressed.  Nevertheless, this 

method might not work in some areas physically 

affected by topography. After correction by using 

the PLC method, R2 decreases from 0.089 to 

0.015 for the red band of original images, 

indicating that the topographic effect is 

weakened (Yin et al. 2018).   

Reduction of 

land cover 

variability 

(Hantson and 

Chuvieco, 2011, 

Sola et al. 2016 

and Gao et al. 

2016) 
 

This method requires prior knowledge on land 

cover distribution. Spectral radiance is collected 

from topographically corrected and uncorrected 

images for comparison. The variation within the 

same land cover is expected to reduce after the 

topographic correction. SD should decrease after 

successful correction, indicating that the impact 

of the topographic relief is reduced, with an 

average reduction of 10.7% (Gao et al. 2016).  
 

Classification 

accuracy 

(Sola et al. 

2014, 

Hoshikawa and 

Topographically corrected results are expected to 

have high classification results. This method 

compares the classification results before and 
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Umezaki, 2014 

and Tan et al. 

2010) 

after topographic correction. However, this 

method might have uncertainty in the 

classification procedure. 
 

Calculation of 

the difference 

between north- 

and south- 

facing land 

covers 

(Sola et al. 2016 

Notarnicola et 

al. 2014 and Fan 

et al. 2014) 
 

Ideally, topographic correction would reduce 

the difference between shaded and sunlit 

areas and increase the homogeneity. 

Sampling points from north- and south- 

facing surfaces are collected for the 

assessment. Most of the topographic 

correction methods used in their studies have 

achieved mean structural similarity index 

(MSSIM) values higher than 0.8 (Sola et al. 

2016). 
 

Presence of 

outliers 

(Sola et al. 2016 

and Balthazar et 

al. 2012) 
 

A good topographic correction method should 

always return minimal outliers; hence, this 

method evaluates the proportion of statistical 

outliers to define the quality of a topographic 

correction method. Most of the topographic 

correction methods used in studies have 

achieved MSSIM values higher than 0.8 (Sola et 

al. 2016). 
 

Intraclass 

interquartile 

range reduction 

(Sola et al. 

2016) 

Similar to the reduction of land cover variability, 

this method uses the interquartile range to 

quantify the improvement after topographic 

correction.  Nonetheless, the accuracy of this 

method may be affected by outliers. Most of the 

topographic correction methods used in studies 

have achieved MSSIM values higher than 0.8 

(Sola et al. 2016). 
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4.0 Case studies 

A study conducted by Hantson and Chuvieco (2011), published in the International Journal of 

Applied Earth Observation and Geoinformation was used as a case study. They recommended the 

uses of empirical-statistical method for topographic correction, and they concluded that the 

empirical-statistical topographic correction method we have presented can correct topographic 

effects, providing satisfying results in the majority of cases (Figure 1).  

Another study performed by Filgueurasi, et al. in 2017 published in the Journal of the Brazilian 

Association of Agricultural Engineering was as a second case study.  They found that the C-correction 

method, is a modification of CC with the addition of factor C, which is adequate in accordance with 

qualitative and quantitative parameters and can correct the effects of topography on the values of 

radiation balance in the Edgárdia Experimental Farm as shown in Figure 2.  

Based on the two case studies, we conclude that the empirical-statistical topographic 

correction method can be used to correct topographic effects and provide more satisfying results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Comparison between the original image (up) and after c-correction (centre) and empiric–

statistic correction (bottom), both with separation between land-cover. the image was taken at 

24/11/1999 with a solar elevation angle of 28⁰. 
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Fig. 2. Images of the radiation balance (W / m²), without topographic correction (a and d), with 

cosine correction (b and e) and C correction (c and f) referring to 09/11/1985 and 08/17/2005. 

 

5.0 Summary 

Topographic correction is a way to improve images topographically, which increases the 

accuracy of data but away from natural illumination. That is, a corrected image is supposed to be 

ideal illumination, which is impossible. Hence, real data free of topographical error are impossible. 

Based on the results from the review papers, it is evident that the topographic effect on satellite 

images can be reduced. The topographically corrected image improved in accuracy by reducing the 

spectral variation in the satellite image. This means that automation classification on rugged terrain 

is becoming a realistic proposition. Previously discussed assessment methods are merely for 

statistical assessment based on certain assumptions with no real data for comparison. These 

assessment methods are relatively applicable and quantitatively acceptable to a certain extent. 

Considerable topographic correction studies have been identified, which have applied various 

methods/algorithms to satellite imagery. 
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