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Introduction
Within the LADA framework, an analysis of land cover changes in Senegal was carried out. The analysis covered all the 60 classes present in the Senegal 2005 Land Cover legend; particular attention was given to the more sensitive areas such as Forest, Agricultural land and Urban areas using images taken in two dates: 1990 and 2005. 

Land cover changes can be driven by anthropogenic and natural alterations as:

· climate-related change (long- and short term) 

· burning / fire activities 

· cutting and clearing of forests (deforestation) 

· grazing activities (intensification of rangelands)

· agricultural encroachments (farming activities) 

· fuel wood consumption

· urban expansions (urbanization)

· natural successional processes and regeneration  

It is possible to monitor changes in the landscape using remote sensed products where the detection of changes can be highlighted using different satellite time series. 

FAO, through Africover Project and Global Land Cover Network, has developed a comprehensive, standardized a priori land cover classifications system (LCCS) and suitable land cover maps using satellite remote sensing images. For Senegal, the database is produced at 1:100,000 scale. The Senegal GLCN file, obtained by visual interpretation, is updated according with the ETM+ image (years 2000-05). 

There is no definition of change as it depends from the contest to which we refer.

The change depends from the contest to which we refer: to define a change we must first define the range (values or semantic definition) that define the limit within which no change exists. In the present study, we are considering changes

· Quantitatively
· Based on the values/semantic definition used in LCCS

1)  LAND COVER CLASSIFIERS

1a) NATURAL VEGETATION classifiers
To define a change in the natural vegetation two aspects were considered: the CLASS and the SPATIAL DISTRIBUTION aspects.
This is fully described in the LCCS manual: http://www.africover.org/download/manuals/LCCSMS20.pdf
The land cover change is defined as a change from one land cover type to another.
Within the natural vegetation, several classifiers are considered to identify the classes.

The main classifiers are the LIFE FORM/PHYSIOGNOMIC ASPECT, and HEIGHT defining the following classes: 

· WOODY further subdivided into 

i. Trees: 
height > 5 m; 

ii. Shrubs: 
height < 5 m; 

iii. Woody: 
2 > height < 7 m: no distinction into Trees or Shrubs 
· HERBACEOUS 

· LICHENS/MOSSES

An additional classifier is the 
· CANOPY COVER : the ground area covered by the crown projection. 
i. Closed canopy: canopy cover between 65 and 100%
ii. Open canopy: canopy cover between 15 and 65%

Changes are recorded when a life form, height or canopy cover change passes the defined threshold values.
‘SPATIAL DISTRIBUTION/MACROPATTERN ASPECT’

This concept set the criteria to consider in detecting, labelling, and drawing mixed unit land cover polygons and it is a key concept in the land cover interpretation.

It is the horizontal spatial distribution of vegetation in a certain area. It should not be confused with “Cover” because that defines the spatial arrangements of Life Forms (e.g. trees, shrubs, etc.)

Macropattern describes the spatial arrangement of specific structural vegetation types (e.g. Closed Forest, Closed Shrubs) and it is easy detectable from remote sensing data (photographs and imagery).
In the land cover and land cover change detection the Macropattern can give supplementary ecological information as to show a human-induced degradational aspect of natural vegetation. Often the Macropattern reflects an ecological or an evolutionary aspect of vegetation (e.g., scattered vegetation in arid areas; agricultural encroachment inside forest areas; degradation due to overgrazing; etc.).. 

Because of its dimensional aspect, Macropattern is linked with the mapping scale. To determine Macropattern, is necessary to refer to the overall appearance of a vegetation formation in a certain area in a homogeneous landscape. In a cartographic context, the concepts of mixed units and minimum mappable areas are linked to the macropattern concept.

A certain structural vegetation type has a continuous Macropattern if, inside the minimum mapable area, it covers more than 80 percent of the area. A particular structural vegetation type would be considered a Fragmented Macropattern if inside the minimum mapable area it covers more than 20 percent but less than 80 percent. This situation is linked with the concept of mixed unit. Three cases are possible: 

• The structural vegetation type (e.g., dense forest) covers more than 50 percent of the area and the other element (e.g., agricultural fields) covers less than 50 percent but more than 20 percent. In this case the resulting unit will be a mixed unit with the fragmented dense forest as the dominant one (e.g., fragmented dense forest/agricultural fields). 

• The structural vegetation type (e.g., dense forest) covers less than 50 percent but more than 20 percent of the area. The other element (e.g., agricultural fields) covers more than 50 percent. In this case the class is also mixed, but the dominant class will be the agricultural fields (i.e., agricultural fields/fragmented dense forest). 

• When a unit contains three elements (e.g., fragmented dense forest, agricultural fields and bare areas) the rules for mixed units should be applied.

In the classification system, all classes are unique and no Mixed Mapping Units are considered. Mixed Mapping Units are cartography related. If for instance the classifier Woody is used, this implies that an intricate mixture of trees and shrubs is present in which neither is clearly dominant. This results in a mixture of two life forms but not in a mixed land cover class. A Mixed Mapping Unit in the legend is always characterized by two or more (to a maximum of three) separate single land cover classes as defined in the classification system. The conditions governing the utilization of mixed mapping units are, as explained before, that within the minimum mapable area, two or more land cover classes are present, as in a spatially separate entity (e.g., patches of agriculture fields inside a forest); 

In the case of spatially separate entities of two or more classes, the general criteria proposed is that the cover of each one of the class considered must be more than 20 percent of the mapping unit. The limit of 20 percent is thus the threshold of “visibility” of a class in a Mixed Unit. The only exception to this rule are in the Cultivated Areas, where the use of the option Scattered Isolated of the classifier Spatial Distribution goes from 10 to 20 percent 

The sequence of the class names in a mixed mapping unit represents the dominance (e.g., for Forest/Cultivated Areas, Forest is more than 50 percent and less than 80 percent, whereas Cultivated Areas is less than 50 percent but more than 20 percent). A Mixed Mapping Unit can contain a maximum of three classes. 

1b) AGRICULTURAL AREAS classifiers
For agricultural areas two main criteria were considered: the Spatial Aspect and the Field size

The code describes cultivated fields in terms of field size (dimension) and spatial distribution.

Field Size

This class can be applied indicatively. A distinction is made between Large-to-Medium-Sized Fields and Small-Sized Fields. However, this does not refer to large-, medium- or small-scale farming, because it does not relate to the size of the farm holding.

The following distinctions are made:

Small-size fields: less than 2 ha

Medium-size fields: 2 - 5 ha

Large-size fields: more than 5 ha.

Spatial Distribution

Spatial Distribution, or Macropattern, is defined as the horizontal spatial arrangement of the fields within a defined area. A distinction is made between Continuous and Scattered Clustered or Scattered Isolated fields.

Spatial Distribution is the horizontal pattern of cultivated fields in a certain area. It can be easily measured by considering the distance between one field and the next. A distinction has been made into three classes: 

·
Continuous describes a continuum of more than 50 percent of cultivated fields. In this case the land cover mapping unit may be single (inside the mapping unit the fields take up more than 80 percent) or mixed (the fields occupy 51 to 80 percent of the mapping unit). Generally, when the fields occupy between 51 and 80 percent of the mapping unit, the area between the fields can be considered as part of the cultivated area, or the user can decide to make a mixed mapping unit, depending which land cover features the user wants to highlight.

·
The Spatial Distribution is Scattered Clustered or Scattered Isolated when, within the cultivated fields’ area, other land cover types are present, and the cultivation is always the secondary class of the mixed units.
The percentage of coverage are defined as follows:

-
If the percentage of fields is more than 20 percent but less than 50 percent, it is Scattered Clustered
-
If the percentage of fields is more than 10 percent but less than 20 percent, it is Scattered Isolated.
2) CHANGE DETECTION 

The 1990’s Landsat TM images have been compared with the 2005 Landsat ETM set, and whenever a change was detected, a polygon to delimitate the change was drown, labelling the polygon with the correspondent land cover type.

The main steps can be summarized as follow: 

· Perform a comparative analysis of images of the two previous time series

· Determine if change has occurred in a determined area
· Define type of the change classifying the 1990 polygon area according to the evidence observed
When the comparative analysis of 1990 images with 2005 was concluded, the polygons representing a change in 1990 have been intersected with the 2005 land cover interpretation, creating a unique shape file of changes. The shape file database contains, for each polygon, the codes of both 1990 and 2005 land cover types. For the encoding of the 1990 change was used the 2005 Senegal legend (ANNEX 1).  
2a) IMAGES - DATA SOURCES
Landsat images 

For the trend analysis, 2005 images (ETM) and 1990’s (TM) images were compared.

	DATE
	SENSOR
	RESOLUTION

	2000-2005
	ETM+
	30 m 

	1984-1990
	TM
	30 m


Band combination: 432 for both ETM and TM
The basis for the Change detection analysis was the GLCN–Senegal land cover interpretation (~22000 polygons). For the 2005 land cover interpretation were used, as digitization base, the 2005 Landsat ETM images, even if they show in some portions black strips due to problems of the Landsat7 satellite sensor (Fig.1).
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Fig. 1 – The 2005 image shows black strips due to Landsat7 sensor problems. 
Whenever the noise caused by the black strips made impossible to perform the visual interpretation of the 2005 image, then the 2000 one was used. Notice that the agricultural area of the so called Peanut Basin has been mapped on both 2000 and 2005 images. The use of two set of images was needed to get a precise estimation of the agricultural area, since it is subject to a great variation due to climatic and socio-economics factors. So, mapping the Peanut Basin agriculture of both 2000 and 2005, gave the chance to understand which portion of natural vegetation remains unchanged in a range of at least 5 years.
The figures below show the Landsat images used, and their acquisition dates.
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Fig. 2 – The 1990 Landsat TM images used for the change detection analysis. In red is given the path/row id number; in black the acquisition date of each image. 
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Fig. 3 – The 2000 Landsat ETM images used to complement the 2005 land cover data collection. In red is given the path/row id number; in black the acquisition date of each image. 
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Fig. 4 – The 2005 Landsat ETM images used to perform the land cover data collection. In red is given the path/row id number; in black the acquisition date of each image. 
3) THE DATABASE STRUCTURE
The shape file “Sen_change_90-05” contains all the Senegal Change Assessment data. It is in UTM projection (Zone 28 – Datum: WGS 84) and its database is composed by 19 fields, described as follow:

· Auto_id = a unique identification number for each polygon

· Code_2005 = the 2005 LCCS code

· Sen_2005 = the 2005 User Label (A in case of single units; A/B in case of mixed units)

· Code1_05 = the 2005 User Label present as first term of the code (A)

· Code2_05 = the 2005 User Label present as second term of the code (B), in case on mixed units

· Agg_1_05 = the 2005 Aggregated code present as first term

· Agg_2_05 = the 2005 Aggregated code present as second term, in case on mixed units
· Perc_05 = the Percentage to be considered during the area calculation process. It represents the percentage of cover due to each term composing the code for the 2005 classes. 
· Code_1990 = the 1990 LCCS code

· Sen_1990 = the 1990 User Label (A in case of single units; A/B in case of mixed units)

· Code1_90 = the 1990 User Label present as first term of the code (A)

· Code2_90 = the 1990 User Label present as second term of the code (B), in case on mixed units

· Agg_1_90 = the 1990 Aggregated code present as first term

· Agg_2_90 = the 1990 Aggregated code present as second term, in case on mixed units
· Perc_90 = the Percentage to be considered during the area calculation process. It represents the percentage of cover due to each term composing the code for the 1990 classes.
· Region = the name of the Senegal Region to which the polygons belong
· Hectares = the area calculated in hectares.

· Agr_05 =  the percentage of agriculture present in the polygon in 2005
· Agr_90 =  the percentage of agriculture present in the polygon in 1990
4) LAND COVER CLASSES AGGREGATION
The land cover change analysis was carried out on different land cover classes of the Senegal database. In the interpretation phase, the complete original Senegal GLCN legend (ANNEX 1), composed of 60 classes, was aggregated into a legend of 10 broader classes, in order to show up Senegal main features affected by changes.
The 10 aggregated classes are:
1. Agriculture in terrestrial and aquatic/regularly flooded land (AG)
2. Forest plantation (TP)
3. Trees closed to open (100-40%) in terrestrial and aquatic/regularly flooded land (NV_TCO)
4. Trees very open (40-15%) in terrestrial and aquatic/regularly flooded land (NV_TVO)
5. Shrubs closed to open (100-40%) in terrestrial and aquatic/regularly flooded land (NV_SCO)
6. Shrubs very open (40-15%) in terrestrial and aquatic/regularly flooded land (NV_SVO)
7. Herbaceous closed to open (100-40%) in terrestrial and aquatic/regularly flooded land (NV_HER)
8. Urban areas (UB)

9. Bare areas (BS)

10. Seasonal/perennial, natural/artificial Waterbodies and tidal areas (WAT)

The single classes are illustrated in the following paragraph where the aggregation codes are listed in the first column of the tables.
4a) AGRICULTURE LAND COVER CLASSES

All the Agricultural classes have been grouped in the aggregated class AG, without making any distinction according to the field size. It contains tree, shrub and herbaceous crops classes both rainfed and irrigated. Also aquatic agriculture (rice) is included inside this aggregated class.
The original Senegal GLCN agricultural classes aggregated in AG are: 1arV-g-Ir, 1arV-p-Ir, 1AV-g, 1AV-p, 1H-g, 1H-g-Ir, 1H-g-Ir-suc, 1H-g+A, 1H-p, 1H-p-de, 1H-p-Ir, 1H-p+A, 1H-p-Is, 1H-p+A-Is, 3H-p, 3HH-g.

They are described as follow:

	LCC analysis Code Aggregation
	Land Cover Code
	Description

	AG
	1arV-g-Ir
	Shrub Crop, Continuous, Large-Medium Fields, Irrigated (Banana)

	
	1arV-p-Ir
	Shrub Crop, Continuous, Small Fields, Irrigated (Banana)

	
	1AV-g
	Tree Crop, Continuous, Large-Medium Fields, Rainfed

	
	1AV-p
	Tree Crop, Continuous, Small Fields, Rainfed

	
	1H-g
	Herb. Crop, Continuous, Large-Medium Fields, Rainfed

	
	1H-g+A
	Herb. Crop, Continuous, Large-Medium Fields, Rainfed with a layer of Sparse (15-4%) Trees

	
	1H-g-Ir
	Herb. Crop, Continuous, Large-Medium Fields, Irrigated

	
	1H-g-Ir-suc
	Herb. Crop, Continuous, Large-Medium Fields, Irrigated (Sugar Cane)

	
	1H-p
	Herb. Crop, Continuous, Small Fields, Rainfed

	
	1H-p+A
	Herb. Crop, Continuous, Small Fields, Rainfed with a layer of Sparse (15-4%) Trees

	
	1H-p+A-Is
	Herb. Crop, Isolated, Small Fields, Rainfed with a layer of Sparse (15-4%) Trees

	
	1H-p-de
	Herb. Crop, Continuous, Small Fields, Post Flooding Cultivation

	
	1H-p-Ir
	Herb. Crop, Continuous, Small Fields, Irrigated

	
	1H-p-Is
	Herb. Crop, Isolated, Small Fields, Rainfed

	
	3HH-g
	Rice Large To Medium Sized Fields 

	
	3H-p
	Rice Large Small Fields


Notice that isolated agriculture classes (15% of polygon cover; always present as second term in mixed units) were not coded differently from others agricultural classes (40% of polygon cover if present as second term in mixed units). Considering the spatial distribution factor, their particular meaning has been highlighted in the “Perc_90” and “Perc_05” fields of the database, putting “85/15” instead of “60/40”.
4b) TREE PLANTATION LAND COVER CLASSES

The Tree Plantation land cover classes have been grouped in the aggregated class TP.
The full resolution Senegal classes aggregated in TP are 1APf-g-1 and 1APf-g-2, described as follow:

	LCC analysis Code Aggregation
	Land Cover Code
	Description

	TP
	1APf-g-1
	Forest Plantation, Broadleaved Deciduous, Rainfed Permanent

	
	1APf-g-2
	Forest Plantation, Needleleaved Evergreen, Rainfed Permanent (Casaurina sp.)


4c) NATURAL VEGETATION LAND COVER CLASSES
All the Natural Vegetation classes have been grouped in one aggregated class called NV. This class contains both terrestrial and aquatic vegetation and has been subdivided into 5 subclasses:

· NV_TCO: Terrestrial and aquatic trees with a canopy cover from closed to open (100-40%).
· NV_TVO: Terrestrial and aquatic trees with a very open canopy (40-15%).
· NV_SCO: Terrestrial and aquatic shrubs with a canopy cover from closed to open (100-40%).
· NV_SVO: Terrestrial and aquatic shrubs with a very open canopy (40-15%).
· NV_HER: Predominance of terrestrial and aquatic herbaceous vegetation from closed to open coverage (100-40%).

CLOSED AND OPEN COVERAGE
Closed canopy (more than 60-70 percent): a layer of a certain Life Form covers more than 60-70 percent of a defined area. In the case of closed cover of trees or shrubs, the crowns interlock, touch or are only very slightly separated. 

General Open canopy: 70-20 percent: between 70-60 percent and 20-10 percent of a defined area is covered by a certain layer of Life Form. In the case of trees and shrubs, the crowns are usually not interlocking. The distance between the perimeters can range from short to twice the average crown diameter (Eiten, 1968).

This category is subdivided into Open ((70-60) - 40 percent) and Very Open (40 - (20-10) percent). 

Guideline: In the case of woody vegetation with a cover of (70-60) - 40 percent the plants are standing rather close together and from a distance, they may appear to grow continuously (Kuechler and Zonneveld, 1988). To separate the two subclasses the limit is set at 40 percent. The practical reason for this is that at 40 percent coverage with trees, the distance between two perimeters equals the mean radius of a tree crown (UNESCO, 1973).
The original Senegal GLCN classes have been aggregated inside the above classes are:

NV_TCO = 2AF, 2AF-ga, 2AO, 2AO-ga, 4AO-Sin, 2AO*

NV_TVO = 2ATO, 2ATO*, 
NV_SCO = 2arF, 2arO, 2arOAE, 4arOF-Pin-s, 4arOF-Sin-s

NV_SVO = 2arTO, 2arTOAE

NV_HER = 2HOAarE, 2HOF, 4HF-Pin, 4HOF-Sin, 4HO-Pin-J, 4HOF-Pin-s.
and they are described as follow: 

	LCC analysis Code Aggregation
	Land Cover Code
	Description

	NV_TCO
	2AF
	Closed (>65%) Trees, Broadleaved Deciduous

	
	2AF-ga
	Closed (>65%) Trees, Broadleaved Deciduous (Gallery Forest)

	
	2AO
	Open (40-65%) Trees, Broadleaved Deciduous with Open Shrubs and Herbaceous Layer

	
	2AO*
	Open (40-65%) Trees, Broadleaved Deciduous with Open Shrubs and Herbaceous Layer (inside Mare area)

	
	2AO-ga
	Open general Trees, Broadleaved Deciduous with Closed to Open shrubs (Gallery Forest)

	
	4AO-Sin
	Open general Trees on Temporarily Flooded Land (Acacia Nilotica)

	NV_SCO
	2arF
	Closed (>65%) Shrubs, Broadleaved Deciduous

	
	2arO
	Open (40-65%) Shrubs, Broadleaved Deciduous

	
	2arOAE
	Open (40-65%) Shrubs, Broadleaved Deciduous with Sparse Trees and Herbaceous

	
	4arOF-Pin-s
	Closed to Open (>40%) Shrubs, Broadleaved Evergreen On Permanently Flooded Land (Mangrove)

	
	4arOF-Sin-s
	Closed to Open (>40%) Shrubs on Temporarily Flooded Land

	NV_TVO
	2ATO
	Very Open (15-40%) Trees, Broadleaved Deciduous with Open Shrubs and Open Herbaceous Layer

	
	2ATO*
	Very Open (15-40%) Trees, Broadleaved Deciduous with Open Shrubs and Open Herbaceous Layer (inside Mare area)

	NV_SVO
	2arTO
	Very Open (15-40%) Shrubs, Broadleaved Deciduous

	
	2arTOAE
	Very Open (15-40%) Shrubs, Broadleaved Deciduous with Sparse Trees and Herbaceous

	NV_HER
	2HOAarE
	Closed to Open (>40%) Herbaceous Vegetation with Trees and Shrubs

	
	2HOF
	Closed to Open (>40%) Herbaceous Vegetation

	
	4HF-Pin
	Closed (<65%) Tall Herbaceous Vegetation on Permanently Flooded Land

	
	4HOF-Pin-s
	Closed to Open (>40%) Herbaceous Vegetation On Permanently Flooded Land (allophitic sp.)

	
	4HOF-Sin
	Closed to Open (>40%) Herbaceous Vegetation On Temporarily Flooded Land

	
	4HO-Pin-J
	Closed to Open (>40%) Free Floating Forbs.


Notice that both 2AO-ga and 4AO-Sin were aggregated into the class NV_TCO, even if they represent a canopy coverage ranging from 65% to 15%. This assumption is justified by two reasons:

a) Statistically polygons coded 2AO-ga and 4AO-Sin show a tree canopy cover closer to the 65-40% range than to the 40-15% one.

b) The small amount of 2AO-ga and 4AO-Sin cases wouldn’t have explained the introduction of a specific aggregated class for them, even because it would have overlapped the NV_TCO and NV_TVO classes, producing data redundancy.

4d) URBAN AREA LAND COVER CLASSES
The Urban and Rural areas  land cover classes of Senegal were aggregated in the class UB.
The full resolution Senegal classes aggregated in UB are 5U and 5U-ru and they are described as follow:

	LCC analysis Code Aggregation
	Land Cover Code
	Description

	UB
	5U
	Urban Area

	
	5U-ru
	Urban Area (Rural Settlement)


4e) BARE SOIL LAND COVER CLASSES

The aggregated class BS contains all the Bare areas. Given that quarries, sand dunes and eroded soil represent a Bare soil situation, the corresponding classes have been grouped inside this aggregated class.
 The full resolution Senegal classes aggregated in BS are: 5M, 6D, 6S, 6S-Er, 6SN, 
	LCC analysis Code Aggregation
	Land Cover Code
	Description

	BS
	5M
	Extraction Site

	
	6D
	Sand Dunes

	
	6S
	Loose And Shifting Sands

	
	6S-Er
	Eroded  Bare Soil with Scattered Vegetation

	
	6SN
	Bare Soil and/or Other Unconsolidated Materials


4f)  PERMANENT OR TEMPORARY WATERBODIES LAND COVER CLASSES
The aggregated class WAT contains all the areas covered permanently or seasonally by Water.
The full resolution Senegal classes aggregated in WAT are: 8E-LP, 8E-T, 8SN, 8SN//4arHE
	LCC analysis Code Aggregation
	Land Cover Code
	Description

	WAT
	8E-LP
	Perennial Lakes

	
	8E-T
	Tidal Area (Surface Aspect: Bare Soil)

	
	8SN
	Non-Perennial Natural Waterbodies (Surface Aspect: Bare Soil)

	
	8SN//4arHE
	Non-Perennial Natural Waterbodies Or Sparse Shrubs With Sparse Herbaceous Vegetation On Temporarily Flooded Land


5) AREA CALCULATION  
In this paragraph will be explained the procedure followed to calculate the area of the aggregated classes. In the database, fields “Perc_90 “ and “Perc_05” show, for each polygon, the percentage considered for the area calculation, representing the percentage of cover due to each term composing the polygon code. For example:  100  (  A = 100%; 60/40  ( A= 60% B= 40%; 85/15  (  A=85% B=15%.

In single class polygons, 100% of the coverage was attributed to the land cover class (whichever it was).
In mixed units, the aggregated class area was calculated with the following percentages: 60% of the area was attributed to the first class and 40% to the 2nd class.

The only exception in area calculation was given by mixed units with Scattered Isolated agriculture, which is always present as second term since it represents less than 15% of the polygon cover. In this case 85% of the area was attributed to the first class (whichever it was) and 15% to the 2nd class (the Scattered Isolated agriculture).
6) RESULTS
6a) SUMMARY OF RESULTS
The change analysis results for the whole Senegal are summarized in the below table.
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AGGREGATED CLASS DESCRIPTION [Area/km* siArea Prea/km: %Area| Area/km? _3%Area
AG Agriculture 2698 2556 7811 74,00 5113 484
TP Tree Plantation 4 0,04 83 0.79 79 0.8
NV_TCO Natural Vegetation: Trees (100-40%) 374 455, 586 855 212 20
NV_TVO Natural Vegetation: Trees (40-15%) 708 6,71 233 221 -475 45
NV_SCO Natural Vegetation: Shrubs (100-40%) 694 6,57 191 1.81 503 4.8
NV_SVO Natural Vegetation: Shrubs (40-15%) 2680 2539 344 326 2336 22,1
NV_HER Natural Vegetation: Herbaceous 3140 2975 865 820 2275 21,5
uB Urban & Rural Areas 25 024 235 223 210 20
WAT Seasonal & permanent Waterbodies 50 047 33 031 17 02
BS Bare Soil 182 172 173 164 9 0,1

TOTAL 0555 10000 10555 10000 0 0,00





In Graph 1 are shown the total area covered by the analysed land cover classes in the 2 time series: 1990’s and 2005 at country level. In the annexed table, the results are shown in area values, in square kilometres.  
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Graph 1 Land cover classes Area – 1990’s 2005
[image: image7.jpg]SENEGAL

Land Cover Type Area/km*
agricuture 2698 7811
Tree Plantation 4 83
Natural Vegetation: Trees (100-40%) 374 586
Natural Vegetation: Trees (40-15%) 708 233
Natural Vegetation: Shrubs (100-40%) 694 191
Natural Vegetation: Shrubs (40-15%) 2680 344
Natural Vegetation: Herbaceous 3140 865
Urban & Rural Areas 25 235
Seasonal & permanent Waterbodies 50 33
Bare Soil 182 173





There is a distinct increase of Agricultural and Urban areas from 1990’s to 2005, a general decrease in Natural Vegetation, except for the Trees closed to open (100-40%) aggregated class (NV_TCO). Also Tree Plantations (TP) show a growth from 1990 to 2005. Both Seasonal & Permanent Waterbodies (WAT) and Bare Soil (BS) remain almost unchanged.
In Graph 2 are shown the areas of changes according to the main aggregated classes.
In the annexed table is shown the change data and percentage of cover change. To calculate the percentage, the reference area value is the 1990’s coverage.
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Graph 2 Land cover changes 1990’s - 2005
In Graph 2 the aggregated classes WAT and BS do not appear due to their very small variation.
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2005 - 1990

DESCRIPTION Km?) % Area
Agriculture 5113 4844
Tree Plantation 79 075
Natural Vegetation: Trees (100-40%) 212 2,00
Natural Vegetation: Trees (40-15%) 475 450
Natural Vegetation: Shrubs (100-40%) 503 476
Natural Vegetation: Shrubs (40-15%) 2336 22,13
Natural Vegetation: Herbaceous 2275 21,55
Urban & Rural Areas 210 1,99
seasonal & permanent Waterbodies 17 016
Bare soil 9 0,08
Negative values = Area loss

Positive values = Area increase




The distribution of changes in the 11 Senegal Regions is displayed in fig. 5 and fig. 6, where the role of the code found as first terms of the mixed units is fundamental, since it is the only one displayed. This generalization was made in order to visual enhance the changes. In fact, the first term of mixed units represents at least the 51 % of coverage of the mixed unit itself. The codes present as second terms of the mixed units have not visual representation into the below figures. So, for example, a polygon constituted by natural vegetation mixed with isolated agriculture, in the below figures result as a pure natural vegetation class, and vice versa. 
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Fig. 5 – Map of Senegal representing the distribution of polygons with a land cover change between 1990 and 2005. The aggregated codes displayed in the map are the 1990 ones.
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Fig. 6 – Map of Senegal representing the distribution of polygons with a land cover change between 1990 and 2005. The aggregated codes displayed in the map are the 2005 ones. 
The below table shows the Regions affected by changes, in term of area covered by polygons representing a change.
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In Louga, Kolda, Tambacounda and Kaolack regions, It is evident the dramatic increase of Agricultural areas in place of Natural Vegetation land cover classes. There is an opposite trend in Ziguinchor region, where Agricultural practices have been replaced by Natural Vegetation land cover classes. The latter case explains the different trend of the class NV_TCO compared with the general trend of Natural vegetation in Senegal.
Change areas – Results – Proportional symbols map

The area distribution and change areas were analysed on a grid with a cell size of 10 * 10 km (approximately 100 km2), and represented through proportional symbols (Fig. 7). 
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Fig. 7 – Map of Senegal representing the 10 x 10 km grid used to prepare the proportional symbols map. 
6b) Agriculture

Fig. 8 shows the changes in the Agricultural areas. The graduated symbols represent the area of Agriculture increase (red dots) or loss (greed dots) for each grid cell. 

The size of the graduate symbols increases proportionally with the area change; the ranges are shown in the map legend and are expressed in square kilometres.
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Fig. 8 – Proportional symbols map of Senegal representing Agricultural area increase and loss. 
The results shows a general increase of Agricultural areas from 1990’s to 2005, passing from almost 2698 km2 to 7811 km2 in 2005 (48,4%). Map represented in Fig.8 shows a trend of agricultural area increase in Louga, Kolda, Tambacounda and Kaolack regions and an agricultural area loss in Ziguinchor and south western Kolda regions. The agricultural area loss in Dakar region has to be ascribed to the increasing urban area.
In Fig. 9 and 10 are shown the area coverage of Senegal agricultural fields in the 2 time series. 

The legend colours represent different field density, 

Green: field density within the polygon range from 10-20%: i.e. the polygon is a mixed unit of natural vegetation or other classes with a second class of scattered isolated fields

Yellow: field density within the polygon range from 20-50%: i.e. the polygon is a mixed unit of natural vegetation or other classes with a second class of scattered clustered fields

Orange: field density within the polygon range from 50-80%: i.e. the polygon is a mixed unit of continuous agricultural fields as 1st term of the unit, and  natural vegetation or other classes as 2nd term of the unit.
 Brown: field density within the polygon range from 80-100%: i.e. is a single class polygon of continuous fields or a mixed unit with agriculture present both in 1st and 2nd term.
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Fig. 9 – Agricultural field density and distribution in 1990’s
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Fig. 10 – Agricultural field density and distribution in 2005
6c) Natural Vegetation
The aggregated classes of Natural Vegetation
· NV_TCO: Terrestrial and aquatic trees with a canopy cover from closed to open (100-40%).
· NV_TVO: Terrestrial and aquatic trees with a very open canopy (40-15%).
· NV_SCO: Terrestrial and aquatic shrubs with a canopy cover from closed to open (100-40%).
· NV_SVO: Terrestrial and aquatic shrubs with a very open canopy (40-15%).
· NV_HER: Predominance of terrestrial and aquatic herbaceous vegetation from closed to open coverage (100-40%).
have been grouped in a single, more general Natural Vegetation class (NV), in order to show in the proportional symbols map its trend in Senegal. 

Fig. 11 shows the changes in Natural Vegetation areas. The graduated symbols represent the area of Natural Vegetation increase (green dots) or loss (red dots) for each grid cell. 

The size of the graduate symbols increases proportionally with the area change; the ranges are shown in the map legend and are expressed in square kilometres.
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Fig. 11 – Proportional symbols map of Senegal representing Natural Vegetation area increase and loss.
From the analysis of the above map it is clear a general loss of Natural Vegetation in the same areas showing an agricultural area increase and vice versa. 
6d) Tree Plantations

Fig. 12 shows the changes in Tree Plantation areas. The graduated symbols represent the area of Tree Plantation increase (green dots) or loss (red dots) for each grid cell.

The Tree Plantations at national level increased from 1990’s to 2005 of 0,75 %, mainly detected in the regions of Louga and Thies (all along the cost, to stop the sand dunes movements).

[image: image18.jpg]LAND COVER CHANGES SENEGAL 1990-2005

TREE PLANTATION areas changes

Tambacounda

Tree Plantation areas
changes (Km2)

Tree Plantation areas - Increase

® o

® 1wz
o 5
. w

Tree Plantation areas - loss.

o o
o s




Fig. 12 – Proportional symbols map of Senegal representing Tree Plantation areas increase and loss.

6e) Urban areas

Fig. 13 shows the changes in Urban areas. The graduated symbols represent the area of Urban area increase (red dots) for each grid cell.
The Urban areas at national level increased from 1990’s to 2005 of about 210 km2 (2 %), mainly detected in the regions of Dakar, Thies and Diourbel. The latter region shows a dramatic increase of Touba/Mbackè urban area, while in Dakar and Thies regions, the increase is spread in the whole area. 
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Fig. 13 – Proportional symbols map of Senegal representing Urban areas increase.
7) NOTES

There are some notes to be taken into consideration about the data obtained from the Senegal Change Assessment work.
The scale used to detect the changing was 1:100000, while the digitization of the changes was performed at a 1:50000 scale. A general rule was applied: where the change was not clear enough, it was not considered a change.
Comparing an image taken at the end of the dry season (March-April) with and image taken at the end of the wet season (October-November) give a different picture of the reality. As described in paragraph 2a, images taken in different periods have been compared in order to detect changes. The different seasonality could have created differences not present in reality (e.g. the1990 image shows active fields present also in the 2005 image but not in the active period, so showing a different reflectance) or, vice versa, real changes could have been cancelled (e.g. in the 1990 image there are not fields, which are present in 2005 image but they are not active). 
Another possible problem is given from some areas of the Casamance where tree crops (orchards) were planted in the 90’s. In fact, they are clearly detected on the 1990 image (showing the reflectance of the ploughed soil) but “disappear” on the 2005 image inside the surrounding natural vegetation, due to the similar reflectance. In this case a change is detected even if there is not a real change, since agriculture was there in 1990 and it is still there in 2005, but with a different physiognomy. 

The image 201/51 was not available for the year 2005 so, to perform the change assessment, the 1990 image was compared with the one of 1999. 

It is evident that whenever cloud coverage was present, no change was detected. Unfortunately, the 1990 image of the Dakar area had not negligible cloud coverage as shown in Fig. 14.  
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Fig. 14 – 1990 Landsat image of the Dakar area, at about 1:130000 scale.
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