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_______________________________________________________________________________________ 

ABSTRACT  

Kinshasa is a city with very significant urban growth. It is observed that this urban growth is concentrated in a weak 

area, which requires control and direction of urban expansion. To do this, it is important to understand the dynamics 

of cover change and land use over time. To do this, we downloaded Landsat images from the MODIS Land Cover 

Type Product (MCD12Q1) from 2001 to 2022, with a classification of these images based on remote sensing indices 

that we processed using geographic information system tools. We extracted the following classes: Evergreen 

Broadleaf Forests, Deciduous Broadleaf Forests, Mixed Forests, Closed Shrublands, Woody Savannas, Savannas, 

Grasslands, Permanent Wetlands, Croplands, Urban and Built-up Lands, Cropland/Natural Vegetation Mosaics, 

Barren and Water Bodies. We calculated the percentage of coverage of the classes taking into account intervals of 3 

years (7 intervals in total) by studying the relationship between the evolution curves of these classes, but also, we 

established the relationship existing between the dynamics of these classes over time using the chord diagram. It has 

been observed that certain classes vary depending on others over time. 

Keywords: Chord diagram, Land cover, Land use, MCD12Q1, Model builder. 

_______________________________________________________________________________________ 

1. INTRODUCTION  

The survival of humanity depends on the natural resources available. It is necessary to improve the management of 

these resources and strengthen the knowledge on the interactions between humans and the earth through the resources 

available to them. To understand these interactions, the study of variations of land use/cover therefore becomes a very 

important source of information because it highlights anthropogenic activities and spatiotemporal change in the 

environment [1,2]. 

The city of Kinshasa is experiencing very significant urban growth, but urbanization is concentrated in a small area. 

This situation results from multiple causes which have limited the physical accessibility of the population to land 

resources: the very strong growth of the population, the saturation of road infrastructure, urban poverty and the low 

motorization with which it is associated [3]. 

 

Urban expansion would have occurred at a rate of 7.1 km²/year over these 27 years. In 1967, the census counted 

901,520 people in Kinshasa and mentioned an average annual growth rate of 8% [4]. 
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This rapid population growth results in increased demand for social and infrastructure services, education, health and 

other basic services that are essential to making the city habitable, which poses a challenge questions and concerns. 

The city of Kinshasa has been officially considered a megacity since 2013, because of the population which was 10 

million [5,6].  Unfortunately, the growth observed is often very unorganized and has a direct link with the creation of 

avenues and informal neighborhoods [7]. These cases are observed in Kinshasa but they are observable in other cities 

of the Democratic Republic of Congo [8,9,10]. These problems affect the expanding peripheries through socio-

economic and environmental impacts due to the absence of infrastructure and community services, long journeys to 

city centers, erosion, flooding, etc. [11,12,13,14]. 

 

Land cover is defined by the Food and Agriculture Organization (FAO) as the (bio)-physical coverage of the surface 

of the emerged land taking into account the type of use or non-use of these lands by humans [15]. Land cover includes 

all physical materials visible on the Earth's surface. The latter can be natural or resulting from anthropogenic activities 

and take up in their entirety the surfaces occupied by water, trees, grass, paving, bare soil, the surface occupied by 

buildings, etc. [16].  

Several indices are used, including Normalized difference vegetation index (NDVI) [17,18], Ratio vegetation index 

(RVI) [19], Enhanced vegetation index (EVI) [20,21], Difference vegetation index (DVI) [22,23], Normalized 

difference water index (NDWI) [24,25], Normalized difference building vegetation index (NDBI) [25], Regulated soil 

vegetation index (SAVI) [26], Urban building index (IBI-A, IBI-B, IBI) [27,28]. 

 

The MODIS Land Cover Type Product (MCD12Q1) provides a suite of science datasets (SDSs) that map global land 

cover at annual time step for six different land cover legends. The maps were created from classifications of Spectro 

temporal features derived from data from the Moderate Resolution Imaging Spectroradiometer (MODIS) [29]. With 

the aim of studying the dynamics of land cover in Kinshasa (quantitatively and qualitatively evaluating the evolution 

of land use classes over time) to understand the evolution of the coverage surface of the different classes and their 

interactions under different methods in the period from 2001 to 2022, we used data acquired by remote sensing that 

we processed and analyzed using geographic information system techniques and statistical analysis tools in order to be 

able to give a conclusion of the work. This study contributes to a knowledge base that can help research environmental 

balance, ecosystem preservation and sustainable development planning by studying interactions between classes. 

2. METHODS  

To achieve the objectives set, we downloaded on-site data from United State Geological Survey (USGS) Earth 

Explorer and National Aeronotics Space Agency (NASA) which presented data from 2001 to 2022 for the area 

including Kinshasa which is the study area shown in figure 1. 

 

 
Fig. 1. Location map of the study area 
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We chosed a 3-year interval by first analyzing data from the earliest year available, then from 2001 to 2004; from 

2004 to 2007; from 2007 to 2010; from 2010 to 2013; from 2013 to 2016; from 2016 to 2019; and finally 2019 to 

2022 which is the most recent year available. The following table shows information about the downloaded data. 

Table 1. Presentation of unprocessed data 

 

Entity ID Year  Visualization   

 

Entity ID Year Visualization   

 

MCD12Q1.A20010

01.h19v09.061 

-2001 

 

MCD12Q1.A20120

01.h19v09.061 

2012 

 

MCD12Q1.A20020

01.h19v09.061 

2002 

 

MCD12Q1.A20130

01.h19v09.061 

2013 

 

MCD12Q1.A20030

01.h19v09.061.2022

151163011 

2003 

 

MCD12Q1.A20140

01.h19v09.061 

2014 

 
MCD12Q1.A20040

01.h19v09.061 

2004 

 

MCD12Q1.A20150

01.h19v09.061 

2015 

 

MCD12Q1.A20050

01.h19v09.061 

2005 

 

MCD12Q1.A20160

01.h19v09.061 

2016 

 
MCD12Q1.A20060

01.h19v09.061 

2006 

 

MCD12Q1.A20170

01.h19v09.061 

2017 

 
MCD12Q1.A20070

01.h19v09.061 

2007 

 

MCD12Q1.A20180

01.h19v09.061 

2018 

 

MCD12Q1.A20080

01.h19v09.061 

2008 

 

MCD12Q1.A20190

01.h19v09.061 

2019 

 
MCD12Q1.A20090

01.h19v09.061. 

2009 

 

MCD12Q1.A20200

01.h19v09.061 

2020 

 

MCD12Q1.A20100

01.h19v09.061 

2010 

 

MCD12Q1.A20210

01.h19v09.061 

2021 

 

MCD12Q1.A20110

01.h19v09.061 

2011 

 

MCD12Q1.A20220

01.h19v09.061 

2022 

 

 

The data thus obtained was processed using geographic information system (GIS) tools, particularly ArcGIS software. 

For statistical analyses, we used Excel and OriginPro software. 
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3. RESULTS AND DISCUSSIONS  

The classes studied are: Evergreen Broadleaf Forests, Deciduous Broadleaf Forests, Mixed Forests, Closed 

Shrublands, Woody Savannas, Savannas, Grasslands, Permanent Wetlands, Croplands, Urban and Built-up Lands, 

Cropland/Natural Vegetation Mosaics, Barren and Water Bodies. 

The description of the classes was made following the description guide presented in table 2. 

 

Table 2. MCD12Q1 International Geosphere-Biosphere Programme (IGBP) legend and class descriptions [29]. 

 

Name  Value  Description 

Evergreen Needleleaf Forests  1  Dominated by evergreen conifer trees (canopy 

>2m). Tree cover >60%. 

Evergreen Broadleaf Forests  2  Dominated by evergreen broadleaf and palmate 

trees (canopy >2m). Tree cover >60%. 

Deciduous Needleleaf Forests  3  Dominated by deciduous needleleaf (larch) trees 

(canopy >2m). Tree cover >60%. 

Deciduous Broadleaf Forests  4  Dominated by deciduous broadleaf trees 

(canopy 

>2m). Tree cover >60%. 

Mixed Forests  5  Dominated by neither deciduous nor evergreen 

(40-60% of each) tree type (canopy >2m). Tree 

cover >60%. 

Closed Shrublands  6  Dominated by woody perennials (1-2m height) 

>60% cover. 

Open Shrublands  7  Dominated by woody perennials (1-2m height) 

10-60% cover. 

Woody Savannas  8  Tree cover 30-60% (canopy >2m). 

Savannas  9  Tree cover 10-30% (canopy >2m). 

Grasslands  10  Dominated by herbaceous annuals (<2m). 

Permanent Wetlands  11  Permanently inundated lands with 30-60% 

water 

cover and >10% vegetated cover. 

Croplands  12  At least 60% of area is cultivated cropland. 

Urban and Built-up Lands  13  At least 30% impervious surface area including 

building materials, asphalt, and vehicles. 

Cropland/Natural Vegetation 

Mo 

saics 

14  Mosaics of small-scale cultivation 40-60% with 

natural tree, shrub, or herbaceous vegetation. 

Permanent Snow and Ice  15  At least 60% of area is covered by snow and ice 

for at least 10 months of the year. 

Barren  16  At least 60% of area is non-vegetated barren 

(sand, rock, soil) areas with less than 10% 

vegetation. 

Water Bodies  17  At least 60% of area is covered by permanent 

water bodies. 

Unclassified  255  Has not received a map label because of missing 

inputs. 
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For data processing with geographic information system tools, we used the model builder shown here in figure 2. First 

we use the Extract by mask tool in Spatial Analyst Tools by putting MCD12Q1 as Input raster and the Kinshasa 

shapefile as Input raster or feature mask data. As input we have a multiband raster file with its attribute values.  

The mask is specified in the environment parameter when running the Extract by Mask tool, the output raster has cell 

values only for the area at the intersection of the environment mask and the data in the input mask. The default output 

format is a geodatabase raster.  

Secondly, we use the raster obtained from the first step (Output raster) as Input raster in the raster to polygon 

conversion tool using the values.  

The input raster can be any cell size and must be a valid integer raster dataset. We have chosen the attribute field of 

the input raster dataset which becomes an attribute in the output feature class.  

The polygon obtained will finally be used in the dissolve tool using the gridcode to give the area occupied by the land 

cover classes. 

 
Fig. 2. Model builder of data processing  

 

Data processing was done in ArcGIS using the tools available in ArcToolBox by appying the model builder shown in  

the figure above. After extraction and processing, we have had the results in figure 3. 
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Fig. 3. Land cover and land use of Kinshasa (2001-2016) 
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Fig. 3. Continued (2016-2022) 

To study the dynamics of land use evolution, it is important to take time and space into account. To do this, we 

converted the Rasters into polygons based on the values describing the classes. We then used the dissolve tool in 

ArcGIS based on the grid code to determine the coverage area of each class. 

The results of this processing phase are presented as percentages by year interval following classes in table 3. 
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Table 3. Percentage of land cover and land use for each class in the study period 
C

L
A

S
S

  

E
V

E
R

G
R

E
E

N
 B

R
O

A
D

L
E

A
F

 

F
O

R
E

S
T

S
 

D
E

C
ID

U
O

U
S

 B
R

O
A

D
L

E
A

F
 

F
O

R
E

S
T

S
 

M
IX

E
D

 F
O

R
E

S
T

S
 

C
L

O
S

E
D

 S
H

R
U

B
L

A
N

D
S

 

W
O

O
D

Y
 S

A
V

A
N

N
A

S
 

S
A

V
A

N
N

A
S

 

G
R

A
S

S
L

A
N

D
S

 

P
E

R
M

A
N

E
N

T
 W

E
T

L
A

N
D

S
 

C
R

O
P

L
A

N
D

S
 

U
R

B
A

N
 A

N
D

 B
U

IL
T

-U
P

 L
A

N
D

S
 

C
R

O
P

L
A

N
D

/N
A

T
U

R
A

L
 

V
E

G
E

T
A

T
IO

N
 M

O
S

A
IC

S
 

B
A

R
R

E
N

 

W
A

T
E

R
 B

O
D

IE
S

 

G
R

ID
C

O
D

E
 

 

2
 

4
 

5
 

6
 

8
 

9
 

1
0
 

1
1
 

1
2
 

1
3
 

1
4
 

1
6
 

1
7
 

P
E

R
C

E
N

T
 

2
0

0
1
 

1
.4

8
3
5

 

0
.0

0
7
3

 

0
.0

1
3
3

 

0
.0

0
5
3

 

4
.8

0
5
5

 

5
6

.2
3
3

2
 

3
3

.0
5
0

3
 

0
.5

2
9
8

 

0
.0

2
0
6

 

3
.8

2
9
2

 

0
.0

0
7
3

 

0
.0

0
0
0

 

0
.0

1
4
7

 

2
0

0
4
 

1
.2

2
0
3

5
 

0
 

0
 

0
.0

4
5
8

7
 

3
.2

2
4
9

8
 

7
4

.1
4
0

9
2
6

 

1
7

.1
9
2

0
1
5

 

0
.3

1
4
5

7
1

 

0
 

3
.8

5
3
3

4
3

 

0
 

0
.0

0
0
0
 

0
.0

0
7
9

4
5

 

2
0

0
7
 

0
.7

4
3
0

7
6

 

0
.0

0
1
3

6
 

0
.0

0
2
6

3
2

 

0
.0

1
3
4

4
3

 

3
.2

4
5
3

2
5

 

7
1

.7
6
0

7
2
1

 

2
0

.1
5
9

8
9
9

 

0
.2

0
7
6

1
6

 

0
 

3
.8

5
9
9

7
 

0
 

0
.0

0
0
0
 

0
.0

0
5
9

5
9

 

2
0

1
0
 

0
.5

9
7
6

1
3

 

0
 

0
.0

3
7
3

2
 

0
.0

2
1
1

5
4

 

3
.4

4
5
3

4
8

 

6
9

.6
8
6

3
2

 

2
2

.0
1
3

0
6
4

 

0
.3

1
3
1

6
 

0
.0

0
1
3

6
 

3
.8

7
8
7

0
3

 

0
 

0
.0

0
0
0
 

0
.0

0
5
9

5
9

 

2
0

1
3
 

0
.4

6
4
2

2
4

 

0
 

0
.0

3
6
2

7
8

 

0
.0

0
3
3

4
6

 

3
.3

6
4
1

3
7

 

7
2

.3
9
3

3
2
8

 

1
9

.6
2
9

2
4
4

 

0
.2

0
3
6

7
5

 

0
 

3
.8

9
9
8

0
9

 

0
 

0
.0

0
0
0

 

0
.0

0
5
9

5
9

 

2
0

1
6
 

0
.3

3
9
3

9
5

 

0
 

0
 

0
.0

0
5
9

5
9

 

2
.3

8
6
0

7
5

 

6
8

.7
5
6

5
9
5

 

2
4

.3
9
1

2
3
3

 

0
.2

1
2
0

3
1

 

0
 

3
.9

0
0
7

6
8

 

0
 

0
.0

0
1
9

8
6

 

0
.0

0
5
9

5
9

 

2
0

1
9
 

0
.3

0
9
9

6
5

 

0
 

0
 

0
.0

0
1
2

7
2

 

2
.3

9
8
2

1
3

 

6
8

.7
6
8

1
7
2

 

2
4

.3
4
4

7
0
5

 

0
.2

4
1
2

8
8

 

0
 

3
.9

3
0
4

2
6

 

0
 

0
.0

0
1
9

8
6

 

0
.0

0
3
9

7
2

 

2
0

2
2
 

0
.4

8
0
7

6
7

 

0
 

0
 

0
 

2
.0

9
1
4

7
8

 

6
7

.9
3
3

4
6
6

 

2
5

.2
4
2

6
7
7

 

0
.2

5
9
9

4
3

 

0
 

3
.9

7
7
7

6
5

 

0
 

0
.0

0
1
9

8
6

 

0
.0

1
1
9

1
7

 

 

 

To understand the evolution of each class, we processed the data in table 3 to produce the following figures: 
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Fig. 4a. Dynamics of classes taken one by one 

 
Fig. 4b. Class Dynamics Comparison Diagram 

 

The interpretation of figures 4a and 4b shows the following: 

- Evergreen Broadleaf Forests: shows a loss of regular cover percentage until 2019, then a slight increase; 

- Deciduous Broadleaf Forests: suffered a total loss of percentage cover from 2001 to 2007 where it recovered slightly 

for a total loss until 2022; 

- Mixed Forests: shows strong growth in coverage area in the period from 2010 to 2013 and finally falls completely 

until 2022; 
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- Closed Shrublands: reached a peak in 2004, then a regression until 2022 with a trend of recovery in 2010; 

- Woody Savannas: We notice a decrease in the coverage area during the study period; 

- Savannas: this class is the one with the greatest percentage of coverage, we note that it presents a peak in 2004 and 

the dynamic is regular over time compared to other classes; 

- Grasslands: This class is second only to Savannas in terms of coverage percentage. It suffered a decline until 2013, 

then a slight and irregular rise until 2022; 

- Permanent Wetlands: This class has three trends. It decreases from 2001 to 2007, then shows growth in 2010, then 

decreases in 2013 and finally shows growth until 2022; 

- Croplands: presents a total fall; 

- Urban and Built-up Lands: this class shows regular growth over time; 

- Barren: This class appears in 2016 and presents regular coverage until 2022; 

- Water Bodies: this class decreases until 2007, it remains regular until 2016 to decrease again in 2019 and finally rise 

while remaining regular in 2022. 

To understand the relationships between classes, we used chord diagram (figure 5). A chord diagram is a graphical 

method of displaying inter-relationships between data radially around a circle. It represents flows or connections 

between several entities (called nodes) with the relationships between the nodes typically drawn as arcs connecting the 

data. Here the size of the arc is proportional to the importance of the flow. Chord diagrams are used to visualize data 

ranging from business use cases to complex scientific data [30]. 

This figure shows the relationships between classes. It is observable that certain classes are closely related such as the 

Woody Savannas and the Savannas. When the first decreases, the second increases and this can be explained by 

deforestation. It is the same for the Grasslans and Permanent Wetlands, their curves have the same appearance. The 

regular evolution of Urban and Built-up Lands directly impacts the other classes although on the 21-year scale, it 

seems small compared to the area studied. 

 
Fig. 5. Chord diagram of land cover and land use (%) form 2001 to 2022  
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4. CONCLUSION  

This study is based on Landsat images from the MODIS Land Cover Type Product (MCD12Q1) with a classification 

of these images based on remote sensing indices. We found the following land use and cover classes: Evergreen 

Broadleaf Forests, Deciduous Broadleaf Forests, Mixed Forests, Closed Shrublands, Woody Savannas, Savannas, 

Grasslands, Permanent Wetlands, Croplands, Urban and Built-up Lands, Cropland /Natural Vegetation Mosaics, 

Barren and Water Bodies. After calculating the coverage area of these classes, we studied the variation of the 

percentage of their coverage over time and the relationships existing between these classes. It was noted that the 

variation in the percentage coverage of certain classes depends on other classes. This is the case of Woody Savannas 

and the Savannas; Grasslands and Permanent Wetlands. The Urban and Built-up Lands class presents a regular and 

continuous evolution over time but remains concentrated in one area. Future investigations should focus on data 

spanning many years with higher resolution. The processing must focus on high-precision algorithms to achieve 

impeccable results with a minimum of error on cover and land use classes. 
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