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A B S T R A C T   

Similar to many of the world’s countries, Turkey has spent a large amount of money, time and effort on land 
consolidation (LC) work each year to provide the infrastructure required by agricultural lands, to minimize the 
problem of land fragmentation, to ensure the protection of agricultural lands, to increase agricultural production, 
to provide socioeconomic development in rural areas and to protect the rural landscape. However, not enough 
attention is given to the assessment of LC success. In this study, an approach is presented to assess the success of 
LC environmentally as measured by the number of parcels and parcel shape, which are important parameters 
related to LC project success. The EiCEN, EiLAP, and MBG_DoP indices were used to determine the dispersion of 
parcels owned by landowners. Minimum bounding geometry (i.e., the PAMPA, PPMBD and MBLW indices) was 
used for the analysis of parcel shape before and after LC. The indices proposed by this study are easily calculated 
parameters and can be important indicators in determining the success of a project after its termination.   

1. Introduction 

Land fragmentation, known as partitioning, pulverization, parceling 
and scattering (Bentley, 1987), is basically concerned with farms which 
are poorly organized in location and space (King and Burton, 1982). 
Land fragmentation is besides getting smaller and smaller over time, 
leads to physical dispersion of parcels (Niroula and Thapa, 2005). It also 
has negative effects on agricultural production (Lerman, 2005; Jha et al., 
2005; Janus et al., 2016). Land fragmentation is a generalized phe
nomenon worldwide; for instance, it has occurred in South Asia (Niroula 
and Thapa, 2005), China (Nguyen et al., 1996; Wan and Cheng, 2001; 
Shuhao, 2005), India (Ram et al., 1999; Sengupta, 2006), Israel (Falah, 
1992), Jordan (Jabarin and Epplin, 1994), Syria (Abdelali-Martini et al., 
2003), Rwanda (Ntihinyurwa et al.2019), Spain (Colombo and 
Perujo-Villanueva, 2019), Cyprus (Demetriou et al. 2013; Demetriou, 
2014), France (Latruffe and Piet, 2014), USA (Soltow, 1983; Verry, 
2001; Brabec and Smith, 2002; Kjelland et al., 2007), and Turkey 
(Akkaya Aslan et al., 2007; Yaslioglu et al., 2009). Land fragmentation 
depends on many factors such as holding size, number of parcels each 
holding, size and shape of parcels and dispersion of parcels (King and 
Burton, 1982). Although there are reasons for land fragmentation may 
vary among countries and regions, there is general agreement on four 
main influencing factors: population growth, inheritance, land markets, 
and historical/cultural perspectives (King and Burton, 1982; Bentley, 
1987; Niroula and Thapa, 2005). 

LC has been a very important part of rural reform and productive 
rural development throughout the world for over a century to address 
land fragmentation problems, particularly in countries where agricul
tural land is highly fragmented and has been implemented in many 
countries around the world (Crecente et al., 2002; Derlich, 2002; Van 
Dijk, 2003, 2007; Thomas, 2004, 2006; Sklenicka, 2006; Yaslioglu et al., 
2008, 2009; Arici and Akkaya Aslan, 2014; Degirmenci et al., 2017, Luo 
and Timothy, 2017). 

As LC projects is complicated and costly projects, researchers have 
tried to better understand the associated concepts and improve the 
methodologies involved with their use to ensure their success (Colombo 
and Perujo-Villanueva, 2019). One of the most important steps in LC is 
evaluation. Several studies have been conducted to evaluate the efficacy 
of LC. (Crecente et al., 2002; Sklenicka, 2006; Yu et al., 2010; Cay and 
Uyan, 2013; Zhang and Zhao, 2013). Land consolidation project outputs 
are evaluated by many different methods (Miranda et al., 2006; Skle
nicka, 2006). One way to assess the success of LC outcomes is to 
determine the change in land fragmentation before and after LC. There 
are commonly used indicators in assessing the effects of LC and the 
dynamics of land fragmentation (Crecente et al., 2002; Manjunatha 
et al., 2013; Rahman and Rahman, 2009; Janus and Markuszewska, 
2017). The number of land parcels can be analyzed in relation to the 
total reparceling area, a specific farm, or the different size categories of 
the parcels in a given area. In addition, there are indicators of the 
Simpson index and Januszewski index, which are frequently used in land 
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consolidation to analyze changes in parcel size (Blarel et al., 1992; 
Januszewski, 1968). 

In this study, approaches to determine the changes on parcel 
dispersion and shape, which are the most fundamental parameters in the 
success of LC projects, are presented. The dispersion of landowner’s 
parcels was examined by two separate methods. The first was the dis
tance to the village center (EiCEN) and the second is the dispersion of 
landowner’s parcels within themselves. Two different methods have 
been used to determine the dispersion of the landowner’s parcels. The 
first method is based on the distance of the parcels to the largest parcel of 
the landowner (EiLAP). The second method is the minimum boundary 
geometry method that is calculated to include all parcels owned by the 
landowner’s. Minimum bounding geometry was used to analyze the 
parcel shape. In this analysis, the Rectangle by Area tool, which converts 
the current plot shape to the closest rectangle, is used. Using the rect
angular area obtained, PAMPA, PPMBD and MBLW values were calcu
lated for before and after LC. All the calculated indices were evaluated 
statistically with the indices commonly used in LC studies, and the re
sults obtained are presented in the results and discussion Section. 

2. Materials and methods 

2.1. Description of study area 

Data from the Tepealagöz LC project, which was completed in Can
kırı − Kızılırmak, Turkey, were chosen as the material for this study. The 
project area was 168.86 ha, and there were 279 landowners. In the study 
area, there were 285 parcels before LC, and this number decreased to 
105 after LC. There were a total of 279 enterprises in the project area, 
and shareholding was common. A total of 162 parcels were single 
shares, and the share rate in some parcels went up to 22. In this study, 
after LC, the shares were merged. The average parcel size, which was 
0.59 ha before LC, increased to 1.61 ha after LC (Table 1). The cadastral 
maps for before and after LC are given in Fig. 1. 

Data containing information about holdings and maps were obtained 
from the state-run private company that developed the project. The land 
fragmentation level was measured for a number of holdings based on the 
available data needed for the calculation methods. The holdings that 
were evaluated were chosen randomly. The features of the selected 
holdings are given in Table 2. 

2.2. Analysis of parcel dispersion 

In this study, two different methods were used to determine the 
spatial dispersion of the parcels. In the first method, standard distance, 
which is a basic measure of spatial distribution, was used (Ebdon, 1985; 
Wong and Lee, 2005). In this study, parcel distribution was determined 
in two ways. The first is the distance of the holding parcels to the village 
center, and the second is the distance of the holding parcels to the largest 
parcel. Thus, in both cases, the dispersion of the parcels can be calcu
lated as follows: 

DoP =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
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(xi − xhmx)

2
+
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n

√
√
√
√
√

(1)  

where xhmx and yhmx comprise the coordinates of the owner’s village 
center or the coordinates of the centroid of the largest parcel; xi and yi 
comprise the coordinates of the centroid of parcel i; n is the number of 
parcels belonging to an owner. 

The dispersion of parcels can have any positive value. There no 
concrete data in this index, so it is difficult for experts to define a value 
function according to their judgment. Therefore, a more general stan
dardization method is proposed below. 

Ei = 1 −
(
(Si − minS) ∗ 0.5

meanS − minS

)(

if Si ≤ meanS) (2)  

Ei = 1 −
((

(Si − meanS) ∗ 0.5
maxS − meanS

)

+ 0.5
)(

if Si > meanS) (3)  

where Ei is the standardized value of score Si and minS, maxS, and 
meanS are the corresponding statistical values for all the scores in the 
sample. Ei was calculated as EiCEN for the distance of the holding parcels 
to the village center and EiLAP for the distance to the largest parcel of 
the holding parcels. 

For the second method, the minimum bounding geometry was used 
to determine the dispersion of the parcels belonging to the landowner 
(MBG_DoP). The minimum bounding geometry is the smallest axis- 
aligned rectangle that encloses its D-dimensional data. The minimum 
bounding geometry offers three advantages: (i) are computed simply 
and with linear cost; (ii) are very compact to store, needing only two 
spatial points; and (iii) are very computationally economical to compare 
to each other using the overlap/intersection functions. The minimum 
bounding geometry calculation was made according to 5 different tools 
(Fig. 2): Convex_hull, Rectangle by Area, Rectangle by Width, Circle and 
Envelope. 

The Convex_hull method, which minimized the area value, was used 
to determine the dispersion of the parcels. The data obtained by these 
methods were analyzed by adapting the novel shape metrics to the 
parcel data by Zhang and Atkinson (2016), which provided a measure of 
the fragmentation of landscape areas (Table 3). The MBG_DoP value was 
calculated according to PAMPA (the area ratio between a parcel and the 
MB box). 

2.3. Analysis of parcel shape 

The minimum bounding geometry is an important indicator that can 
be used in the analysis of parcel shape in LC projects. Minimum 
bounding geometry was also used in the analysis of parcel shape in this 
study. It is desirable that the parcel shapes are close to a rectangular 
shape. The most commonly used tools for analyzing patch fragmentation 
are Envelope, Rectangle by Area, and Rectangle by Width. In this study, 
the Rectangle by Area tool was used in the analysis of the parcel shape 
because it turned the parcel shape into the shape nearest a rectangle. 
PAMPA, PPMBD and MBLW values were calculated for the parcels 
before and after LC (Table 3). The data in this study were analyzed ac
cording to the most widely used indices for analyzing the shape and 
distribution of parcels in LC projects (Table 4). All results were evalu
ated statistically. 

3. Results 

The dispersion of the parcels of landowners was examined by two 
separate methods. The first was the distance to the village center. Farm 
centers are located in villages. Therefore, the distance from the farmers’ 
lands to the village center was calculated according to the situation 
before and after LC. As shown in Table 5, the mean dispersion of parcels 
decreased from 3104 m before LC to 2921 m after LC. Here, the EiCEN 
value is between 0 and 1. As the value approaches 1, the parcels of the 
landowner approach the village center. When the mean EiCEN values 
obtained after LC were observed, some of the enterprises moved to a 

Table 1 
Information about the project area before and after LC.  

Project Information Before LC After LC 

Number of parcels  285  105 
Number of landholdings  279  279 
Average parcel area (ha)  0.59  1.61 
Average landholding area (ha)  0.60  0.60 
Total project area (ha)  168.86  168.86  
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position closer to the village center, while some of them maintained 
their current position. The mean EiCEN increased from 0.40 to 0.44 after 
LC. 

The second method for determining the dispersion of parcels owned 
by the landowners is based on the location of their parcels. The 
dispersion of parcel value is based on the distance of the parcels to the 
largest parcel of the landowner (EiLAP). Minimum bounding geometry 
was used to determine the dispersion of the parcels belonging to the 
landowner (MBG_DoP). The Convex_hull tool, which minimizes the area 
value, was used to determine the dispersion of the parcels (Fig. 3). The 
MBG_DoP value was calculated according to the area ratio between a 
parcel and the MB boxes. 

The EiLAP and MBG_DoP values calculated here also showed the rate 
at which the parcels were combined. In LC, parcels were mostly 

collected around the largest parcel owned by the landowner. Here, the 
EiLAP and MBG_DoP values are between 0 and 1. When the value ap
proaches 1, it shows that the parcels of the landowner are gathered 
together. The average EiLAP and MBG_DoP values obtained after LC 
indicated that the landowners’ parcels were close to 1 or 1. As shown in  
Table 6, the EiLAP value before LC varied between 0.25 and 0.75, and 
the MBG_DoP value ranged between 0.07 and 0.91. While the number of 
parcels decreased after LC, some EiLAP and MBG_DoP values became 1, 
whereas other values approached 1, indicating that the parcel locations 
were clustered together. The EiLAP and MBG_DoP values before and 
after LC were compared with the Simpson and Januszewski indices 
(Table 6). 

The descriptive statistics of the indices for the dispersion of owner
ship are given in Table 7. 

The correlation matrix is given in Table 8. A positive correlation was 
found between the EiLAP and MBG_DoP indices and the indices of 
Simpson and Januszewski. This is a positive result for the EiLAP and 
MBG_DoP values as a fragmentation index. 

Minimum bounding geometry was also used in the analysis of parcel 
shape in this study. In terms of agricultural land management, it is 
desirable that parcels are close to rectangular. For this purpose, the 
existing parcels were converted to the rectangle closest to the current 
parcel shape with the Rectangle by Area tool in the minimum bounding 
geometry analysis toolbox. Before and after LC, PAMPA, PPMBD and 
MBLW values were calculated with the area and perimeter values of the 
newly formed rectangle from the existing parcel. When the PAMPA and 
PPMBD values approach 1, the shape of the parcel approaches a rect
angular shape. When the MBLW value approaches 1, the shape of the 

Fig. 1. Cadastral maps before and after LC.  

Table 2 
Main features of the selected holdings evaluated.  

Ownership ID Parcel area (ha) Number of parcel 

Before LC After LC 

2  1.11  6  1 
6  4.86  10  3 
18  5.41  2  1 
21  2.05  2  1 
40  1.81  11  1 
105  7.71  8  1 
116  1.91  2  2 
128  2.80  6  1 
228  3.54  5  1  

Fig. 2. Minimum bounding geometry types.  
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parcel is close to a square. The MBLW value is also the width/length 
ratio of the parcel. The PAMPA, PPMBD and MBLW values obtained 
before and after LC were compared with the SI, FD and AFF indices, 
which are commonly used in the analysis of parcel shape (Table 9). 

The correlation matrix of all parcel shape indices, given in Table 10, 
is significant at the 0.01 and 0.05 levels. PAMPA and AFF correlated 
negatively with the SI and FD indices. As a result, the correlation of the 
PAMPA, PPMBD and MBLW indices with the SI, FD and AFF is a positive 
result for the usability of these indices in parcel shape analysis. Since the 
PAMPA indices shows correlation with SI, FD, and AFF indices of 0.01 
significance, it may be the most suitable indices for use in shape analysis 
among the proposed indices. 

4. Discussion 

In this study, some indicators were used to determine dispersion of 
parcels and for the analysis of parcel shape before and after LC. 
Dispersion of parcels also refers to the fragmentation of land. The 
fragmentation of land ownership is a major obstacle to the effective 
management and sustainability of agricultural farms. This fragmenta
tion is often caused by small farms where their costs are very important, 
sometimes by damaging them and leaving their land. One of the most 
common ways of reducing land fragmentation is LC. LC is a complex, 
costly and long process and its results need to be carefully evaluated. 
Various researchers have stated that there is no standard, comprehen
sive measurement method for evaluating LC projects (Gasiorowski and 
Bielecka, 2014). Land fragmentation is effected by various parameters 
including holding size, number of parcels, size of parcels, shape of 
parcels, spatial distribution of the parcels, size distribution of parcels 
and internal fragmentation (Platonova et al., 2011; Demetriou et al., 
2011; Aasmäe and Maasikamäe, 2014; Kirmikil et al., 2017). 

The EiCEN, EiLAP and MBG_DoP indices were used to determine the 
dispersion of parcels owned by landowners. While EiCEN analyzes the 
distance of these parcels to the village center, the EiLAP and MBG_DoP 
indices analyze the distance of the parcels to each other. When calcu
lating EiCEN and EiLAP indices, parcel gravity centers are taken into 
account. The parcel center of gravity can come out of the parcel 
boundary in the parcels where the parcel shape is so untypical. To avoid 
this, the "inside" command was used when calculating the parcel gravity 
centers. Thus, the center of gravity of each parcel is calculated to remain 
within the parcel. EiLAP and MBG_DoP indices serve the same purpose. 
Both indices take a value between 0 and 1. The closer to the 1 obtained, 
the closer the parcels to each other, the closer to the 0, the further away 
from each other. 

The EiLAP and MBG_DoP index values were found to be statistically 
significant compared to the Simpson and Januszewski indices that are 
used by many researchers. 

The Simpson and Januszewski indices were found to be positively 
correlated with and very similar to those of previous studies (Degir
menci et al., 2017; Demetriou et al., 2013). The Simpson and Janus
zewski indices calculate the landowner’s total parcel areas. Since EiLAP 
takes into account the distance between parcel centers, it uses point 
values. Since MBG_DoP takes into account all parcels and the areal 
values between them, it uses area-based values. In this context, 
MBG_DoP appears as a stronger index in determining the parcel 
dispersion. 

The savings from the reduction of parcel distribution become even 
more important in the largest areas. LC does not solve the problem of 
small landowner size, but by regulating ownership, reducing the number 
of parcels owned by farmers, makes it easier to operate and reduces the 
number of neighboring farmers possible in the future (Colombo and 
Perujo-Villanueva, 2019). 

In this study minimum bounding geometry was used for the analysis 
of parcel shape before and after LC. PAMPA, PPMBD and MBLW pa
rameters calculated before and after LC were compared with the SI, FD 
and AFF indices and found to be statistically significant. 

SI, FD and AFF indices analyze the parcel shape over the existing 
area-perimeter relationship of the parcel, while the proposed indices 
analyze the parcel’s resemblance to the nearest rectangle. PAMPA uses 
area value, PPMBD uses perimeter value and MBLW uses width-length 
ratio. The PAMPA index is the ratio between the existing parcel area 
and the rectangular area closest to the parcel, and it stands out statis
tically more than other indices in analyzing the similarity of the parcel 
shape to the ideal shape. However, the fact that the parcel shape always 
approaches the quadrilateral cannot be considered as ideal. In this 
context, the width-length ratio (MBLW) of the parcel is an important 
criterion. By evaluating these two indices together, parcels can be 
evaluated quickly with both shape and width-length ratio harmony. 

Parcel shape and edge length are among the most important criteria 

Table 3 
Detailed description of the shape metrics.  

Indices Formula Description 

MBLW = Patch length-to- 
width ratio 

L/W Description of vector parcel 
elongatedness. The larger the value, the 
more elongated the shape. It is not 
desirable for LC projects to have a value 
greater than 10 

PAMBA = Area ratio 
between parcel and MB 
box 

PA/ 
MBA 

Description of vector parcel compactness. 
Ranges between 0 and 1, higher values 
indicating the more regular shape and 
lower values the more the more compact 
the shape. 

PPMBP = Perimeter ratio 
between parcel and MB 
box 

PP/MBP Description of vector patch roughness. If 
the value is equal to 1, parcel shape is 
equal to MB shape, smaller than 1 is the 
rougher the parcel edge.  

Table 4 
Indices used to analyze the shape and distribution of parcels in LC.  

Index Formula Resource Parameters needed 

Simmons 
Simmons =

∑n
i=1A2

i
A  

Simmons (1964) Ai: Area of i th 
parcel  

Januszewski 
Januszewski =

̅̅̅̅
A

√

∑n
i=1

̅̅̅̅̅
Ai

√

Januszewski (1968) A: Total size of the 
holding 

Fractal 
Dimension 

FD =
2lnpi

lnAi  

Krummel et al. (1987) n: number of 
parcels belong the 
holding 

Shape Index SI =
pi
̅̅̅̅̅̅̅̅
πAi

2
√ McGarical and Marks 

(1995) 
pi: Perimeter of i th 
parcel  

Areal Form 
Factor 

AFF =
Ai

p2
i  

Witney (1988) and  
Gonzalez et al. (2004, 
2007)   

Table 5 
Dispersion of parcels by village center.  

Ownership 
ID 

Before LC After LC 

The mean dispersion 
of parcel 

EiCEN The mean dispersion 
of parcel 

EiCEN 

2  3615  0.17  3625  0.15 
6  2893  0.51  2628  0.6 
18  3900  0.04  3755  0.1 
21  3000  0.45  1825  0.84 
40  2442  0.64  1974  0.79 
105  2916  0.50  3794  0.08 
116  2958  0.50  2821  0.55 
128  3538  0.21  3988  0 
228  2671  0.57  1876  0.82 
Mean  3104  0.40  2921  0.44  
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in determining the most efficient use of agricultural land. It has a direct 
impact on time and labor productivity. Parcel shape is important for the 
use of agricultural machinery because it is difficult to work with ma
chines in some parcel shapes (Kirmikil and Arici, 2013; Janus and 
Markuszewska, 2019). The main purpose of land consolidation is to 
reduce the number of parcels and to create well-shaped parcels. Plan
ning the parcels owned by a landowner as close to each other as possible 
is important for agricultural management. However, parcels formed 
after land consolidation not only grow better in terms of agriculture, and 
the actual effects take much longer than the assumed 30 years for dy
namic economic indices (Janus and Markuszewska, 2019). Changes in 
the number and shape of parcels, thus occurring in the land fragmen
tation parameters, reduce the total production costs of a particular 
agricultural segment (Tan et al., 2008). To ensure a comprehensive 
assessment of the benefits of land consolidation projects, it is necessary 
to develop methods for evaluating non- economic effects of the projects 
and expressing them in monetary terms (Wojewodzic et al., 2021). After 
the land consolidation, parcel scatter and parcel shape analysis is 
important in terms of controlling the project and evaluating its success. 
These evaluations should be made with indices that can be calculated 
quickly and easily interpreted. The indexes suggested in this study can 

Fig. 3. Minimum bounding geometry analysis for the calculation of the dispersion of the parcels.  

Table 6 
Dispersion of the largest parcel of the landowners.  

Ownership ID Before LC After LC 

EiLAP MBG_DoP Simmons Januszewski EiLAP MBG_DoP Simmons Januszewski 

2  0.45  0.57  0.28  0.44  1  1.00  1  1 
6  0.55  0.05  0.17  0.35  0.83  0.08  0.37  0.59 
18  0.75  0.91  0.69  0.74  1  1.00  1  1 
21  0.75  0.05  0.58  0.72  1  1.00  1  1 
40  0.25  0.13  0.13  0.32  1  1.00  1  1 
105  0.48  0.14  0.34  0.44  1  1.00  1  1 
116  0.75  0.05  0.61  0.73  0.75  0.06  0.61  0.73 
128  0.54  0.07  0.20  0.42  1  1.00  1  1 
228  0.60  0.17  0.40  0.51  1  1.00  1  1 
Mean  0.57  0.24  0.38  0.52  0.95  0.79  0.89  0.92  

Table 7 
Descriptive statistics of the dispersion of ownership indices.   

Minimum Maximum Mean Std. 
deviation 

Variation coeff 
(%) 

EiLAP  0.25  1.00  0.76  0.24  31.24 
MBG_DoP  0.05  1.00  0.51  0.44  86.27 
Simmons  0.13  1.00  0.63  0.34  53.41 
Januszewski  0.32  1.00  0.72  0.26  36.10  

Table 8 
Pearson correlation coefficient matrix for the indices of dispersion of ownership.  

Indicators EiLAP MBG_DoP Simmons Januszewski 

EiLAP  1       
MBG_DoP  0.729**  1     
Simmons  0.935**  0.850**  1   
Januszewski  0.956**  0.814**  0.994**  1  

** Correlation is significant at the 0.01 level (2-tailed). 
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be calculated quickly in the GIS environment; It can be interpreted easily 
and clearly. 

5. Conclusion 

Land consolidation is a complex and demanding process that re
quires expensive, long time and labor. In land consolidation, each 
project area has different characteristics and can have its own unique 
conditions and desires. Therefore, it is very difficult to achieve the same 
standards in all projects. However, the main purpose of land consoli
dation projects is to minimize land fragmentation as much as possible. 
For this reason, it is necessary to analyze the change in land fragmen
tation after each project and analyze the project in this direction. 

As a result, these indicators were used to determine the land frag
mentation before and after land consolidation and the analysis of shape 
the change in the parcels. These indicators can be used for comparisons 
in terms of dispersion and shape of parcels before and after land 
consolidation. In land consolidation projects, it is important to analyze 
the project achievements in this direction as it would be beneficial for 
the farmers to reduce the number of parcels belonging to the farmers. 

Recently, as in many disciplines the use of geographic information 
systems in LC projects has become widespread. Since the indices pro
posed by this study are easily calculated parameters. They can be 
important indicators in determining the success of a project after its 
completion. As a result, the proposed methods can be applied relatively 
easily using GIS and can be used in many areas other than land 
consolidation. 
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Table 9 
Indicators in parcel shape analysis.  

Ownership ID Before LC After LC 

SI FD AFF PAMBA PPMBD MBLW SI FD AFF PAMBA PPMBD MBLW 

2  1.30  1.42  0.048  0.66  0.86  2.16  1.65  1.38  0.029  0.97  0.98  6.54 
6  1.47  1.41  0.039  0.65  0.90  2.90  1.43  1.33  0.040  0.91  0.96  4.18 
18  1.23  1.30  0.053  0.65  0.84  1.78  1.14  1.27  0.060  0.93  0.97  1.17 
21  1.30  1.33  0.047  0.58  0.85  1.63  1.19  1.30  0.056  0.95  0.97  2.02 
40  1.29  1.42  0.049  0.76  0.90  2.46  1.17  1.29  0.058  0.93  0.96  1.84 
105  1.44  1.43  0.045  0.69  0.90  3.07  1.38  1.32  0.042  0.98  0.99  3.80 
116  1.42  1.36  0.044  0.74  0.90  3.38  1.20  1.30  0.056  0.87  0.91  2.21 
128  1.41  1.38  0.045  0.71  0.89  3.21  1.36  1.31  0.043  0.97  0.98  3.57 
228  1.46  1.40  0.039  0.67  0.88  3.06  1.13  1.27  0.045  0.91  0.95  1.29  

Table 10 
Pearson correlation coefficient matrix of the parcel shape indices.  

Indicators SI FD AFF PAMBA PPMBD MBLW 

SI  1           
FD  0.51**  1         
AFF  − 0.73**  − 0.63**  1       
PAMPA  − 0.45**  − 0.67**  0.47**  1     
PPMBD  0.27**  0.006  − 0.25**  0.54**  1   
MBLW  0.16**  − 0.12*  − 0.16**  0.44**  0.46**  1  

** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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