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Biases in morphological landscape
features: challenges for
environmental purposes in
GIScience and related fields
Biais dans les caractéristiques morphologiques du paysage : défis à relever à des

fins environnementales dans les SIG et les domaines connexes

Sesgos en las características morfológicas del paisaje: desafíos ambientales en los

SIG y campos a fin

Valentin Chardon, Quentin Poterek and Cybill Staentzel

 

Introduction

1 Environmental management is  the heart of current scientific and societal  concerns,

notably in the context of global climate change. Plans frequently aim to change the

structure  of  a  landscape  to  achieve  management  goals,  including  ecological  ones,

supporting  biodiversity  and  ecological  processes  (Haines-Young  &  Chopping,  1996).

Landscape characterization is thus essential to assess ecological habitat changes within

a multiscale approach, from fine (e.g, mesohabitats) to large scales (Staentzel et al.,

2019). Historical topographic maps and remote sensing products (photographs, satellite

and  aerial  images)  are  commonly  used  to  evaluate  short  and  long-term  landscape

changes from data that are manually digitized or extracted with semi-automatic or

automatic procedures. For example, such datasets were used in fluvial geomorphology

to evaluate diachronic planform changes (Bizzi et al., 2016; Eschbach et al., 2017; García

et al., 2019, Brandolini et al., 2020), in ecology to assess landscape changes trajectories

(Herrault, 2015; Poterek et al., 2020) or in urban geography to evaluate the dynamic of

urban sprawl processes (Ji et al., 2001; Bhat Parvaiz et al., 2017). Most of these studies

targeted the quantification of the land cover temporal evolution in a given landscape
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solely  by  its  composition,  calculating  average  rates  of  change  (Petit  et  al.  2002).  A

scarce of these studies integrated landscape changes in term of configuration (Li et al.,

2015). Recently, two new indicators were recently proposed to quickly read landscape

changes in terms of both configuration and composition features (Staentzel et al., 2019;

Staentzel et al., 2020). 

2 However, results about configuration and composition features may be biased by errors

arising from various processing phases. These errors includes georeferencing mistakes,

operator errors during the digitization step and spatial resolution effects (Fuller et al.,

2003; Corry & Lafortezza, 2007). Numerous studies have attempted to assess such biases

for each type of dataset in order to consider these errors during the analysis of results,

and thus  to  reflect  critically  on  landscape  changes.  In  addition,  some studies  have

evaluated the potential biases of rasterization step of vector dataset (Bettinger et al.,

1996;  Díaz-Varela et  al.,  2014).  This  step requires to use the software Fragstats  and

associated indicators (McGarigal and Marks, 1995; McGarigal, Cushman, & Ene, 2012) or

compute transition matrix modelling, developed in 1990s, to apply on statistical models

of plant succession (Usher, 1992). Poorly used in recent ecological studies, its interest

has been demonstrated to quantify the percentage of change and define the transition

nature within temporal trajectories of restored ecosystems (Gallet et al., 2014, Staentzel

et  al.,  2019).  Based  on  this  method,  Gallet  et  al.  (2014)  have  developed  dynamic

vegetation models after rasterizing landscape data which consisted in transforming the

vector dataset format to raster format. Transition matrix modelling also permitted to

quantify the dynamic changes in plant communities following a restoration operation

on the Rhine River (Staentzel et al., 2019). Nevertheless, the following question can still

be asked: are the observed changes related to significant changes in land use or due to

biases related to the mapping and/or rasterization step? The objective of this paper is

to evaluate the potential biases during the rasterization step and to quantify them as a

function of  (i)  the cell  size used,  and for the first  time by (ii)  the geometry of  the

studied  features  evaluated  from  five  metrics  using  the  Uniform  Manifold

Approximation and Projection (UMAP). Our main hypothesis is that the error produced

during the rasterization of dataset can be affected by the size resolution used and the

morphology of the studied geographic features. This study has been performed on the

Urban Atlas 2006 dataset, focused on Bas-Rhin department (France). 

 

Methodology

Dataset rasterization

3 Distributed under the Copernicus Earth observation program, the Urban Atlas layer for

2006 (Fig. 1) was digitized using optical satellite imagery with a spatial resolution of 5 m

or finer,  and other  ancillary data,  such as  OpenStreetMap and HRL Imperviousness

(European Commission, 2016).  This study focused on the south part of the Bas-Rhin

department located in the Grand-Est Region in France state (Figure 1).
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Figure 1 : Study area. The black rectangle corresponds to the example area presented in fig 2.

4 The  minimum  mapping  unit,  which  determines  the  size  of  the  smallest  digitized

feature, is of 0.25 ha for urban areas and 1 ha for rural areas. The recommended scale

for usage is 1:10,000 (European Environment Agency, 2015). 

5 The Urban Atlas layer 2006 was rasterized using the conversion tool implemented in

the  ArcMap  software  (v10.3;  ESRI)  to  assess  the  consequence  of  rasterization  on

landscape analysis. Rasterization was performed using the cell center option, implying

that the entity located at the center of each raster cell determines the LULC class to the

corresponding pixel. We tested various cell sizes as 1 m, 5 m, 10 m and 25 m to evaluate

the size influence on both area and perimeter error estimation (Figure 2).
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Figure 2 : Example of rasterization step performed on the Strasbourg urban area city at cell size
equal to 1 m (a), 5 m (b), 10 m (c) et 25 m (d). 

 

Morphological metrics

6 For  each  cell  size,  we  evaluated  the  number  of  missing  features  and  the  effect  of

geographic features morphology on both area and perimeter estimation errors.  The

morphology of the geographic features was evaluated using five morphological metrics

in order to relate them to area and perimeter estimation errors.  The metrics  were

calculated using the QGIS v3.4.7 software (QGIS Development Team, 2014) and based on

the equations developed by Zdila et al. (2016) (Figure 3). Described mathematically by

equation 1 to equation 5, they reflect respectively the aspect ratio, the circularity, the

compactness, the roundness and the solidity. So as to better identify and visualize the

relationship between rasterization parameters,  i.e.  morphology and errors,  the  five

metrics that were previously computed were embedded into two dimensions using the

UMAP  algorithm  (McInnes  et  al.,  2018). UMAP  analysis  is  a  new  multiple  learning

technique to reduce the size of large dataset with provide the advantage to low run

time processing and conserve the global structure (McInnes et al., 2018). Moreover, this

analysis  allows to capture the non-linear structure at  the contrary of  the Principal

Component Analysis (PCA) (McInnes et al., 2018).

7 Aspect ratio ranges between 1 and +inf. A shape with an aspect ratio of 1 corresponds to

a circle.

8 Circularity ranges between 0 and 1. A shape with a circularity of 1 corresponds to a

circle.

9 Compactness ranges between 0.001 and 466.52. The higher the compactness, the more

complex a shape is.

Biases in morphological landscape features: challenges for environmental purp...

Cybergeo : European Journal of Geography , Cartographie, Imagerie, SIG

4



10 Roundness ranges between 0 and 1. A shape with a roundness of 1 corresponds to a

circle. Unlike circularity, it is insensitive to irregular borders, since perimeter is not

used for calculation.

11 Solidity ranges between 1 and +inf. A shape with a solidity of 1 is convex. The higher

the solidity, the more concave it is.

12 Finally, for each geographic feature (i), the relative error and the absolute error (%) for

the area and perimeter parameters were calculated for each cell size. The relative and

absolute error for the area and perimeter was calculated as following : 

where i corresponds to the cell size used for dataset rasterization.

13 We  performed  multiple  linear  regressions  between  morphological  metrics,  and  the

relative  error  measurements  for  area  and  perimeter  for  all  cell  size  to  identify

relationships between these variables. All statistical analyses were performed using the

R v.3.6.2 software. 
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Figure 3 : Illustration of the main variables used to calculate the five morphological metrics
described by Eq. 1 to Eq. 5 (modified from Matsumoto et al., 2015). 

 

Results

14 The results  showed a  positive relationship between the cell  size  chosen during the

rasterization  step  and  the  number  of  missing  geographic  features  (Figure  4).  This

highlighting a  loss  of  information by enlarging the size  of  the raster  cells.  Missing

geographic  features  mainly  included  linear  entities,  such  as  roads,  highways,  and

watercourses. 

15 The relative mean error values for the area parameter were equal to 0.06 % (standard

deviation as sd = ± 2.67 %), -0.11% (sd = ± 4.88 %), -0.66% (sd = ± 18.39 %) and -2.67% (sd =

± 31.29 %) for 1 m, 5 m, 10 m and 25 m, respectively (Fig. 5.a). The absolute mean error

values for the area parameter were equal to 0.22% (standard deviation as sd = ± 2.67 %),

1.31% (sd = ± 4.88 %), 3.98 % (sd = ± 18.39 %) and 11.37% (sd = ± 31.29 %) for 1 m, 5 m, 10

m and 25 m, respectively (Figure 5.a). 
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Figure 4 : Number of missing geographic features according to the size scale. 

16 Both relative and absolute errors showed a low evolution in mean, frequently close to 0

all  along the size scale.  However,  the standard deviation showed an increase in the

variability of the relative error, with a distinct overestimation tendency (Figure 5.a). By

comparison, the mean relative error values for the perimeter parameter were equal to

-24.25 % (sd = ± 8.77 %), -22.37 % (sd = ± 9.32 %), -16.52 % (sd = ± 14.47 %) and -4.80 % (sd =

± 20.25 %) for 1 m, 5 m, 10 m and 25 m, respectively. The mean absolute error values for

the perimeter parameter were equal to 24.54 % (sd = ± 8.77 %), 23.25 % (sd = ± 9.32 %),

19.63 % (sd = ± 14.47 %) and 17.00 % (sd = ± 20.25 %) for 1 m, 5 m, 10 m and 25 m,

respectively. An overestimation tendency was observed along the whole size scale, with

an increase in relative error variability (Figure 5.b) and a decrease of mean absolute

error.

 
Figure 5 : Relative errors of area (a) and perimeter (b) parameters along the size scale. 
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17 The UMAP algorithm highlighted four main groups (Figure 6.a). The first group was

characterized by low values of all metrics and composed of linear geographic features,

such as line communications (roads, railways, regulated rivers). The second group was

characterized by low values for aspect ratio, moderate values for solidity, circularity

and  roundness,  and  high  values  for compactness.  It  was  mostly  composed  of

agricultural, semi-natural and wetland areas. The third group was characterized by low

values  for  aspect  ratio  and compactness,  and moderate  to  high  values  for  solidity,

circularity, roundness. It was mostly composed of urban fabric geographic features and

forests. The fourth group was characterized by low values for circularity, roundness

and compactness, moderate to high values for aspect ratio, and high values for solidity.

It was composed by large geographic features, such as water bodies or sport/leisure

facilities. 

 
Figure 6 : (a) Groups issued from the UMAP algorithm performed on the five shape descriptors (b to
f) results for each descriptor. The numbers in (a) indicated the groups highlighted by the UMAP
algorithm.

18 No specific effects were noted for the 1 m cell size (Figure 7.a). At 5 m or more, the

relative  errors  for  the  area  parameter  were  influenced by the  shape of  geographic

features (Figure 7.b). The highest values for relative errors of the area estimation at 5 m

occurred for group 4 with a global overestimation of the area (Figure 7.b), and at 10 m

for groups 1 and 4 (Figure 7.c). At 25 m, an overestimation was mainly observed for all

groups, except for group 2 where values of the relative error not exceeded ± 10% for all

scale size (Figure 7). 
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Figure 7 : Relative estimated errors of the area parameter along the size scale: 1 m (a), 5 m (b), 10
m (c) and 25 m (d). 

19 Concerning perimeter measurements, no particular difference was observed between

groups for the 1 m and 5 m cell  sizes,  with a net overestimation of  the parameter

(Figure 8.a-b).  Starting from the 10 m spatial  resolution,  an underestimation of the

values was observed for group 1 (Figure 8.c). At 25 m, an underestimation was observed

for groups 1 and 4, and an overestimation for groups 2 and 3 (Figure 8.d). 
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Figure 8 : Relative estimated errors for the perimeter parameter along the size scale: 1 m (a), 5 m
(b), 10 m (c) and 25 m (d). 

 

Discussion

20 Our results showed that the rasterization procedure can generate high biases in area

and perimeter estimations. The intensity and tendency of errors depend on both the

cell  size used for raster computation (Figure 4),  but also by the morphology of  the

geographic  features.  In  some  cases,  a  loss  of  information  with  a  deletion  of  some

geographic features may result as for linear geographic features. In our database, these

were the finest structures in the landscape.  As since observed by Díaz-Varela et  al,

(2014),  the choice of cell  size during the rasterization step must be suitable for the

minimum mapping unit of the studied dataset. This implies that the processing time

may rise sharply in case of large study area. As expected, our results showed a strong

positive relationship between the cell size used during the rasterization step and the

relative  mean error  for  area and perimeter  estimation.  Nevertheless,  the  nature  of

errors  was  not  similar  between the  two parameters  (Figure  5).  Regarding  the  area

parameter, we noticed a quasi-systematic and increasing overestimation (Figure 5.a).

Indeed, for cell sizes equal to 5 m and 10 m, the overestimates impact a large number of

geographic features belonging mainly to groups 1 and 4, which correspond to linear

geographic features (Figure 6; Figure 7). These results differ from obtained by Bellinger

et al. (1996) due to low variability in terms of geographic features in their case. 

21 Concerning  the  perimeter  parameter,  the  results  were  more  nuanced,  with  an

overestimation for almost all geographic features with a cell size of 1 m (Figure 5.b;

Figure 8.a). This overestimation tended to decrease when spatial resolution was around

5 m. From 10 m onwards, an underestimation appeared for the geographic features of

groups 1 and 4, and amplified with the increase of cell size to 25 m. A decreasing of the
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overestimation occurred for the other geographic features (Figure 5.b; Figure 8.c-d).

The error estimates for this metric were incrementally correlated with the geometry of

the geographic features as  the raster cell  size increased.  However,  no relationships

were found that might explain error measurements for area, based on raster cell size.

Corry & Lafortezza (2007) also showed that area as well as cohesion, interspersion or

juxtaposition metrics are robust to changes in spatial resolution, while others exhibit

erratic results. Landscape analyses based on the area parameter as transition matrix

modelling were thus not concerned by such biases even if landscapes are represented

by similar scaled data. Conversely, the high error of perimeter estimation for all cell

sizes stressed that metrics based on a such parameter must be used cautiously in case

of rasterization of a vector dataset. Linear structures (group 1) and water bodies (group

4) were the most affected (Fig. 8). Thus, before any rasterization step of vector dataset

preliminary analyses must be performed on the geometry of geographic features to

define  the  best  spatial  resolution  to  reduce  the  errors  on  landscape  metrics

estimations. 

22 In  our  study,  we  applied  the  rasterization  step  using  the  cell  center  option.  Other

rasterization methods are available in standard GIS software, such as the maximum

area  or  the  maximum  combined  area.  However,  the  latter  methods  are  frequently

preferred in ecological  studies,  maximizing the dominance within one pixel.  Hence,

further  works  will  be  performed  to  evaluate  their  influence  following  the  same

framework proposed here.

 

Conclusion

23 The rasterization procedure can induce severe errors in the estimation of usual shape

parameters,  mainly  on  the  perimeter  parameter.  This  study  reveals  using  UMAP

analysis  that  landscape  indices  based  on  perimeter  can  be  subjected  to  significant

errors and must be interpreted cautiously. Sensitivity analyses could be performed to

prevent  errors  in  defining  the  best  raster  cell  size.  So  as  to  keep  consistency  and

accuracy in the assessment of spatial-temporal landscape changes, we thus recommend

to  consider  (i)  the  degree  of  shape  complexity  (i.e.  morphology  of  geographical

features), (ii) the alignment of temporal vector datasets, and (iii) a relevant selection of

landscape metrics or tools, all this taking in consideration the tolerated computation

time.
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ABSTRACTS

During the last  two decades,  a  wide range of  geographical  tools  including the calculation of

landscape metrics were transposed to ecological studies to build models for land-use dynamics.

Currently, few studies have evaluated the biases which can occur during the rasterization step

which could influence the results. The purpose of this study was to evaluate the influence of

dataset rasterization on area and perimeter variables,  which are frequently used to calculate

landscape indices,  according to (i)  the rasterization cell  size and (ii)  the shape of geographic

features. The Urban Atlas 2006 dataset focused on Bas-Rhin department (France) was used as a

vector  reference  layer.  Rasterization  was  performed  for  various  cell  sizes  to  evaluate  the

influence of spatial resolution on the errors injected into shape descriptors. Five morphological

metrics were calculated for all geographic features. For the first time, a UMAP algorithm was

performed to relate the rasterization relative errors at all spatial resolutions with morphological

attributes. Results showed that low values of area errors were obtained for cell sizes lower than 5

m  (<10%).  For  higher  cell  sizes,  errors  exceeding  10%  appeared  for  linear  and  low  width

geographic features. For perimeter, significant errors were observed for cell sizes between 1 and
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5 m (>10%) with an overestimation tendency. For cell sizes greater to 10 m, overestimations and

underestimations  were  occurring  according  to  the  shape  of  geographic  features.  This  study

showed that sensitivity analyses must be performed before any study carried out on landscape

changes estimation to define the best raster cell size as function to the morphological attributes

of the geographic features, the predefined error threshold.

Au cours des deux dernières décennies, un large éventail d'outils géographiques a été transposé

aux études écologiques afin de construire des modèles permettant d’étudier les dynamiques de

changement  des  milieux naturels.  Très  fréquemment,  une étape  de  rastérisation de  données

vectorielles  est  utilisée  dans  ce  cadre.  Encore  peu  d'études  ont  évalué  les  biais  qui  peuvent

survenir lors de cette étape de rastérisation. L'objectif de cette étude est d'évaluer l'influence de

la rastérisation,  à partir  d’un ensemble de jeu de données,  sur les variables de surface et de

périmètre, métriques fréquemment utilisées pour calculer les indices de paysage en fonction (i)

de  la  taille  de  la  cellule  lors  de  la  rastérisation  et  (ii)  de  la  forme  des  caractéristiques

géographiques. Le jeu de données de l'Atlas urbain 2006, centré sur le Bas-Rhin (France), a été

utilisé comme couche vectorielle de référence. La rastérisation a été effectuée pour différentes

tailles de cellule afin d'évaluer l'influence de la résolution spatiale sur les erreurs d’estimation

des descripteurs  de  forme.  Cinq métriques  morphologiques  ont  été  calculées  pour toutes  les

entités géographiques. Pour la première fois, un algorithme UMAP a été réalisé pour relier les

erreurs  relatives  de  rastérisation  à  toutes  les  résolutions  spatiales  avec  les  attributs

morphologiques de chaque entité géographique. Les résultats ont montré que de faibles valeurs

d'erreurs de surface ont été obtenues pour des tailles de cellules inférieures à 5 m (<10%). Pour

des tailles de cellules plus élevées, des erreurs supérieures à 10 % sont apparues pour les entités

géographiques linéaires et de faible largeur. Pour le périmètre, des erreurs significatives ont été

observées pour les tailles de cellules entre 1 et 5 m (>10%) avec une tendance à la surestimation.

Pour  les  tailles  de  cellule  supérieures  à  10  m,  des  surestimations  et  des  sous-estimations  se

produisaient  en  fonction  de  la  forme  des  entités  géographiques.  L'étude  a  montré  que  des

analyses  de  sensibilité  doivent  être  effectuées  au  préalable  avant  une  estimation  des

changements de paysage afin de définir la meilleure taille de cellule matricielle en fonction des

attributs morphologiques des caractéristiques géographiques et du seuil d'erreur prédéfini.

Durante  las  últimas  dos  décadas,  una  amplia  gama  de  herramientas  geográficas  han  sido

empleadas en estudios de la métrica del paisaje, con la finalidad de construir modelos aplicados

en las dinámicas del cambio en el medio natural y donde frecuentemente se rasterizan los datos

vectoriales.  Actualmente,  no  existe  una  robusta  literatura  que  haya  evaluado  los  sesgos  que

pueden ocurrir durante tal proceso de rasterización y que podrían influir en los resultados. El

objetivo de este estudio, fue evaluar la influencia de la rasterización a partir de un juego de datos

sobre  las  variables  de  superficie  y  perímetro,  métricas  que  se  utilizan  con  frecuencia  para

calcular índices de paisaje en función de (i) el tamaño de la celda de rasterización y (ii) la forma

de las características geográficas. Se utiliza el conjunto de datos “Atlas urbano” 2006, centrado en

el departamento de Bas-Rhin (Francia) como capa vectorial  de referencia.  La rasterización se

realizó para varios tamaños de celda, con la finalidad de evaluar la influencia de la resolución

espacial sobre los errores de estimación de descriptores de forma. Se calcularon cinco métricas

morfológicas  para  todas  las  entidades  geográficas.  Por  primera  vez,  se  realizó  un  algoritmo

UMAP, para relacionar los errores relativos a la rasterización en todas las resoluciones espaciales,

con los atributos morfológicos de cada entidad. Los resultados expresan que se obtuvieron bajos

valores de error en la superficie para tamaños de celda menores a 5 m (<10%). Para tamaños de

celda más elevados, emergen errores superiores al 10% en las entidades geográficas lineales y con

un reducido ancho. Respecto al perímetro, se observaron errores significativos para tamaños de

celda entre 1 y 5 m (> 10%) con una tendencia a la sobre estimación. Para los tamaños de celda

superiores  a  10  m,  se  produjeron sobre  y  sub  estimaciones  según la  forma de  las  entidades
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geográficas. Este estudio deja en evidencia la necesidad de llevar a cabo análisis de sensibilidad,

antes de aplicar cualquier estimación de cambios en el paisaje, con la finalidad de definir el mejor

tamaño  de  la  celda  ráster  en  función  de  los  atributos  morfológicos  de  las  características

geográficas y del umbral de error predefinido.
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