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Overview of Todayôs Lecture 



1. Africaôs wetlands; 

2. What are Inland Valley (IV) Wetlands?; 

3. Importance of IV wetlands for Africaôs Green and Blue 

Revolution; 

4. Need for utilization of wetlands for Africaôs green and blue 

revolution; 

5. Remote sensing of inland valley wetlands; 

6. Methods of Delineation, Mapping, Characterization using 

remote sensing 

7. Results; 

8. Conclusions; 

9. References. 

Remote Sensing of Inland Valley Wetlands of Africa                                                                      

Overview of Todayôs Presentation 
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Africaôs Wetlands    
(not accounting inland valley wetlands) 



Wetlands of Africa                                                                                                              

Major Conventional Wetlands 

Africa has 131 million 

hectares of 

Conventional 

Wetlands 

or 4.34%  of total land 

area (3022,000,000 

hectares) 

 

However, this does 

not account for inland 

valley wetlands, 

which is roughly 15% 

of land area 
 
Source: 1. United Nations; 2. ñA 

directory of African wetlands by 

R.H. Hughes et al. 1992; 3. Tom 

Kabii, Ramsar Bureau, 

Switzerland 

Freshwater Marsh; 

Floodplain 

Lakes, reservoirs 

Swamp forest, 

flooded forest 

Wetlands including 

Mangroves, 

seasonal wetlands  
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Hydrological                                                   

Flood plains? (higher order streams)           In 

valleys?  (lower order streams)  

Topographic                                                
Lowlands?  

Water/moisture levels                                     
Water bodies?                                                  
Moist lands?                                              
Deltas or Alluvial plains?                                              
Estuaries?  

Man - made wetlands                                 
Irrigated areas?  

Definition of wetlands 

(one view): ñland units 

or ecosystems with 

water and moisture to 

sustain lifeò 

Definition of Wetlands                            
Needed for Accurate Mapping using Remote Sensing  
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Riparian vegetation 

Irrigated rice field 

Mangrove 

Water body (fresh) 

Lagoon 

Water body covered by 

aquatic plants 

1. IV wetland area: 24 % of 0.61 

Mha is IV wetland bottoms 

2. IV wetland cultivation : 41.5 % of 

the valley bottoms were cultivated 

Definition of Wetlands                            
Needed for Accurate Mapping using Remote Sensing  
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What are                           

Inland Valley Wetlands 



Inland Valley Characterization using Remote Sensing                                        
Inland Valley Wetlands Occur overwhelmingly along lower order Streams  

Definition: Inland valley wetlands occur overwhelmingly along the lower order streams (typically, 1-4th order) 
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Topographic maps:  only lines or linear features (stream bed)         

SRTM derived drainage: only lines or linear features (stream bed) 

éééééééé..only RS can provide valley bottom width (wetland 

area). This facilitates wetland: (a) area calculations,  (b) land use 

pattern study, and (c) characterization. 

Inland Valley Characterization using Remote Sensing                                        

Definition for Mapping: Inland Valley Wetlands  
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Water body dominant wetlands 

In a inland valley bottom 

Small lake 

Small lake 
Pans ï Seasonally flooded 

Inland Valley Characterization using Remote Sensing                                        
Inland Valley Wetlands Occur overwhelmingly along lower order Streams  
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Inland Valley Characterization using Remote Sensing                                        
Inland Valley Wetlands Occur overwhelmingly along lower order Streams  

Higher order: not 

inland valleys 

Higher order: not 

inland valleys 

Lower order swamps: inland valleys 

Lower order: inland valleys 
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Nylsvley Nature Reserve 

Ramsar Site in South Africa 

pans in South Africa 
Flood plains in Mozambique 

Inland Valley Characterization using Remote Sensing                                        
Inland Valley Wetlands Occur overwhelmingly along lower order Streams  
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Importance of                             
Inland Valley Wetlands                         

for Africaôs Green and Blue Revolution 



1. Agroecosystems                                                                                                                                           

A. inland valleys are heavily exploited for agriculture in Asia inland valleys are;                  

B. overwhelmingly unexploited for agriculture in Africa;  

2. Advantage over uplands 

       relative to uplands, inland valleys have: (a) fertile soils, (b) significantly higher moisture 

availability all through the season, provide much higher productivity, and have potential 

for greater water productivity.  

 

3. Main season farming (e.g., wetland crops like rice)                                                                       

During main crop growing season, often, wetland crops like rice can be grown in lowlands 

but NOT in uplands 

 

4. Dry season farming (e.g., only areas to grow crops)                                                                   

During dry season lowlands are likely to be only areas with enough moisture to grow any 

crops  

  5. Flora and fauna                                                                                                                                    

Unique relative to uplands (e.g., raphia palm in lowlands of Africa, unique animal and 

avian species) 

Inland Valley Potential for Green and Blue Revolution in Africa                       

Conditions that are Ideal for exploiting Inland Valleys for Agriculture 

ééé..point 1 to 4 are conditions primed for a green revolution in Africa. 
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IV wetlands in WCA are highly under-utilized mainly as a result of:  

(a) water borne diseases such as Malaria, Bilharzias, Trypanosomiasis 

(sleeping sickness), Onchocerciasis (river blindness), and 

Dracontiasis (guinea worm), and  

(b) difficulty in accessing them from roads-settlements-markets 

(WARDA, 2003, Lafferty, 2009).  

 

But these difficulties can be overcome with modern health care (Hetzel 

et al., 2007) and infrastructure (Woodhouse, 2009).  

 

 

Inland Valley Potential for Green and Blue Revolution in Africa                       

Causes of Under-utilization of IV Wetlands in Africa 

Note: Currently, ~90 percent of WCAôs current agriculture is concentrated in uplands, 

which have very poor soils and scarce water resources.  In spite of such huge 

advantages over uplands,  
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Balancing the need to develop more land for agriculture are the ecological concerns 

about the environmental impacts of wetland development (and the catchments that 

surround them) and the profound social and economic repercussions for people 

dependent on their natural resources and ecosystem functions. IV wetlands play an 

important role in bio-geochemical cycling, flood control, and recharging of aquifers. They 

are considered to be one of the richest and most productive biomes, serving as cradles of 

biological diversity that support unique flora and fauna (RAMSAR, 2004). They serve as 

potential sites for breeding waterfowl and significant carbon sinks in soils and plants 

(Mitsch and Gosselink, 2007, Hansen et al., 2002).     

 

Inland Valley Potential for Green and Blue Revolution in Africa                       

Development versus Preservation 
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Need for Utilizing            

Africaôs Wetlands    
for Africaôs Food Security 
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Need for Utilization of Inland Valley Wetlands for Africaôs Food security                       

Population Growth 

Africaôs population will double over next 50 years and triple over next 

100 yearsé. from current ~1 billion to ~3 billion 
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Irrigated cropland areas of Africa. 

The global annualized irrigated 

area (AIA) in the African continent 

is only about 2% compared to 

14% of the global population. 

There is a real opportunity to 

expand irrigated areas in Africa to 

facilitate green and blue 

revolutions. 

Thenkabail et al., 2009 

Need for Utilization of Inland Valley Wetlands for Africaôs Food security                       

Lack of Irrigation 



U.S. Geological Survey 

U.S. Department of Interior   

Other Countries are Looking for Land in Africa to 

produce food for their Countriesé.virtual water use 

will increase in coming years 

So, will Africa play a 

big role in 

addressing World 

Food Security? 

But, will that result 

in marginalizing the  

the subsistence 

farmer? 

Bill Gates In Nigeria 

(Photo credit: Bill and 

Melinda Gates Foundation) 

Need for Utilization of Inland Valley Wetlands for Africaôs Food security                       

Small Holder Subsistence Farming 
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Remote Sensing                           
Characterization, Monitoring, and Mapping         

of Inland Valley Wetlands of Africa  

Methods 
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The wetlands of Africa are increasingly considered ñhotspotsò for agricultural development and for 

expediting Africaôs Green and Blue Revolution.  Currently, these IV wetlands are un-utilized or highly 

under-utilized in WCA (Figure) in spite of their rich soils and abundant water availability as a result of:  

(a) limited road access to these wetlands, and  

(b) prevailing diseases such as Malaria, Trypanosomiasis (sleeping sickness) and Onchocerciasis 

(river blindness).  

However, the utilization of IV wetlands for agriculture is becoming unavoidable in WCA countries due 

to  increasing pressure for food from a ballooning human population and difficulty finding arable 

land with  access to water resources.  

Inland Valley Wetland Characterization, Monitoring, and Mapping         

In Different Agroecosystems of Africa 



Delineating inland valley Wetlands through Semi-Automated Methods  
Image enhancement, Display, digitize 

The semi-automated methods (Figure 4) involved:  

1. Image enhancements 

  enhancement of images through ratios; 

2. Image display 

  display of enhanced images in red, green, 

 blue (RGB) false color composites (FCCs) at 

 the highest possible ñzoom in viewò; 

3. Digitizing  

  digitize directly of the screen the enhanced 

 images that are zoomed in and displayed. 

 
Based on the above 3 steps the wetlands are delineated. 
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Four peer-review publications on methods 

 

1. Thenkabail P.S., Nolte, C., and Lyon, J.G. 2000. Remote 

sensing and GIS modeling for selection of benchmark research 

area in the inland valley agroecosystems of West and Central 

Africa. Photogrammetric Engineering and Remote Sensing, 

Africa Applications Special Issue, 66(6):755-768. 

 

2. Thenkabail S. Prasad, and Nolte, C. 2000. Regional 

characterisation of inland valley agroecosystems in West and 

central Africa using high-resolution remotely sensed data. (Book 

Chapter # 8 Pp. 77-99). in the book entitled: "GIS applications 

for water resources and watershed management" by John G. 

Lyon, Pp. 266. Taylor and Francis, London and New York.  

 

3. Kulawardhana, R. W., Thenkabail, P. S., Vithanage, J., 

Biradar, C., Islam, Md. A., Gunasinghe, S., Alankara, R. 2007. 

Evaluation of the Wetland Mapping Methods using Landsat 

ETM+ and SRTM Data. Journal of Spatial Hydrology (JoSH) 

(accepted, in press). 

 

4. Islam, Md. A., Thenkabail, P. S., Kulawardana, R. W., 

Alankara, R., Gunasinghe, S., Edussriya, C., and Gunawardana, 

A.,  2007. Semi-automated Methods for mapping wetlands using 

Landsat ETM+ and SRTM data. International Journal of 

Remote Sensing. (accepted, in press) 

http://wetlands.iwmi.org/ 

http://www.iwmidsp.org 

 

Delineating inland valley Wetlands through Semi-Automated Methods  
Methods Flow-Chart 

http://wetlands.iwmi.org/
http://www.iwmidsp.org/


TBVIij  =  

)R(R

)R-(R

ij

ij

+
where: i, j = 1, N, (with N = number of bands = 7 for Landsat ETM+ 

multispectral); R = reflectance of bands. A total of 49 TBVIs were 

computed for Landsat band matrix of ɚ1 (7 bands) by ɚ2 (7 bands). The 

indices above the diagonal are transpose of the indices below the 

diagonal. Hence, after reducing for this redundancy, only 21 unique indices 

will be left. Each TBVI were subjected to variable thresholds to get the best 

separability for wetlands.   

Delineating Wetlands through Semi-Automated Methods               
1. Image Enhancement 

Two band vegetation indices (TBVIs) 
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Index or parameter Definition Range 

-1.0 to 1.0 dimensionless  

or 0 to 100 % 

Threshold values 

that best delineated 

wetlands 

a. Slope derived from SRTM DEM This is the percentage slope derived using spatial analyst tools 

available in Arc GIS 

0 to 100 <1 % 

b. Normalized Difference Vegetation 

Index (NDVI) 

(Rouse et al., 1974) 

 

 

where, ɟ3 and ɟ4 are the reflectance values derived from the 

bands 3 (Red) and 4 (NIR) of Landsat ETM+ data respectively. 

-1.0 to +1.0 -0.25 to 0.10 

c. Tasseled-cap Wetness Index (TWI) 

(Crist and Cicone, 1984) 

TWI =  ([B1] * 0.1509 + [B2] * 0.1973 + [B3] * 0.3279 + [B4] * 

0.3406 + [B5] * -0.7112 + [B7] * -0.4572) 

Where, B1 to B7 are the DN values of the respective bands of 

Landsat ETM+ data. This index represents the overall degree 

of wetness over the area as reflected by the image data. 

0 to 100 0 to 30 

d. Normalized Difference Water Index 

(NDWI) 

(McFeeters, 1996) 

 

 

where, ɟ2 and ɟ5 are the reflectance values derived from the 

bands 2 (Green) and 4 (NIR) of Landsat ETM+ data 

respectively. 

-1.0 to+ 1.0 -0.15 to 0 

e. Mid Infrared Ratio (MIR) 

(Coppin and Bauer, 1994) 

 

 

where, Band 4 and 5 are NIR and Mid Infra-red bands of 

Landsat ETM + data respectively. 

0 to 4 >0.25 

f. Ratio Vegetation Index (RVI) 

(Tucker, 1979) 

 

 

where, Band 4 and 3 are NIR and Red bands of Landsat ETM 

+ data respectively 

0 to 6 <0.6 

g. Green Ratio (GR) (Lo, 1986)  

 

where, Band 4 and 2 are NIR and Green bands of Landsat 

ETM + data respectively. 

0 to 4 0.5 to 0.8 

h. Ratio of indices (this study) RoI = B4/B7 * B4/B3 * B4/B2 0 - 240 12.5 - 20 

i.  Reflectance of SWIR 1 band  (this 

study) 

This is the percentage reflectance of Band 5 

where, Band 5 is the Shortwave Infra-red band 1 of Landsat 

ETM + data.  

0 to 47 <1 
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Delineating Wetlands through Semi-Automated Methods                
1. Image enhancement: Vegetation Indices (some examples) 



Delineating Wetlands through Semi-Automated Methods                 
2. Image display 

Following display combinations were found 

powerful in delineating wetlands from other 

land units 

 
ÅFCC RGB: ETM+4/ETM+7, ETM+4/ETM+3, ETM+4/ETM+2 

ÅFCC RGB: ETM+4, ETM+3, ETM+2 

ÅFCC RGB: ETM+3, ETM+2, ETM+1 
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RGB of indices: ETM+4/ETM+7, 

ETM+4/ETM+3, ETM+4/ETM+2 

Delineating Wetlands through semi-Automated Methods                   
Image enhancement and Display Techniques 
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Landsat ETM+ FCC (RGB): 4,3,5 

Delineating Wetlands through semi-Automated Methods      
Delineated wetland areas 
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Nylsvley Nature Reserve 

Ramsar Site in South Africa 

pans in South Africa 
Flood plains in Mozambique 

Delineating Wetlands through semi-Automated Methods      
Delineated Wetlands of the Limpopo River Basin 
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Delineating Wetlands through JERS SAR Data                             
Delineated Wetlands in West Africa 

JERS SAR Data; SAR Backscatter 

wetlands 


