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Figure 38.  Total core area of forest in five sites over time 

 

 
 
Figure 39.  Aggregation index of forest in five sites over time 
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Figure 40. Aggregation index of forest in five sites over time 

Landscape dynamics over space   

This section will present visually the most current local (sub-landscape) configuration for each of 

the landscape. Each pixel represents the indices for the circular area of 1 km radius from it. Please 

note that while some aggregation index maps often look similar to connectivity maps, it is not 

always the case, especially when forest is surrounded by land cover dissimilar to forest, i.e., 

settlement, non-vegetation, non-tree based systems. When forest patches are often found in the 

surrounding of tree-based patches without being contiguous than connectivity is markedly 

different from aggregation, i.e., connectivity is much higher than aggregation. 

This local (sub-landscape) analysis will be useful in terms of identifying the critical area where 

un-connectivity of two large blocks of forest is bound to happen and, therefore intervention could 

be endorsed. These visualizations should help in visioning, focus group discussion and 

communicating messages to public and policy makers, especially in the lights of land use 

planning to reconcile livelihoods options and biodiversity maintenance at local and landscape 

levels. Several guidelines, criteria and indicators can be negotiated among multiple stakeholders 

to reconcile local ecological knowledge, scientific perspectives and current policies and 

customary laws, such as: 

1. High total core forest area should be under some measures of protection; otherwise if there 

are settlements close by, some awareness raising and contracts/agreements between 

government and the local people should be developed 

2. Areas surrounding a large sized forest core area with high aggregation index should be tagged 

as priority areas for rehabilitation if located inside protected areas or conserved under some 
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mechanism of Rewards for Environmental Services if located outside protected areas with 

some inhabitants or minimum management, e.g., under Village Forest contract. Highly 

aggregated forest outside total core forest areas and outside protected areas with no human 

presence should be delineated as protected areas 

3. Areas surrounding a large sized forest core area with high connectivity index should be 

tagged as priority areas for rehabilitation if located inside protected areas or (re)-planted and 

managed under low intensification of land uses with trees of economic values, e.g., rubber 

agroforestry, if located outside protected areas with some local communities 

4. Areas of none above but identified as critical in connecting pieces of primary forest blocks 

under potentially low costs or hotspots of endemic species or particular environmental 

services should be delineated as priority areas for agroforestry or other low intensified 

tree/forest under co-investment schemes between local communities and other stakeholders 

Indicative areas of each above point for each landscape are shown in Figure 41-55. If there are 

specific concerns of endangered species, such maps can be used as tools to delineate specific 

habitat and threat such as measures of protection can be determined and negotiated upon. 

Indonesia (Bungo) 

 
 
Figure 41. Current total core area of forest (0- 441 ha) of  Bungo Indonesia 
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Figure 42. Current forest aggregation index (0- 100%) of  Bungo, Indonesia 

 

 
 
Figure 43. Current connectivity of forest (0- 100%) of  Bungo, Indonesia 
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Laos (Viengkham) 

 

 
 
Figure 44. Current total core area of forest (0- 441 ha) of  Viengkham, Laos 

 
 

 
 
Figure 45. Current forest aggregation index (0- 100%) of  Viengkham, Laos 
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Figure 46. Current connectivity of forest (0- 100) of  Viengkham, Laos 

 

Madagascar (Manompana) 

 
 
Figure 47. Current total core area of forest (0- 441 ha) of  Manompana, Madagascar 
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Figure 48. Current forest aggregation index (0- 100%) of  Manompana, Madagascar 

 
 

 
 
Figure 49. Current connectivity of forest (0- 100) of  Manompana, Madagascar  
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Cameroon (Takamanda Mone)  

 

 
 
Figure 50. Current total core area of forest (0- 441 ha) of  Takamanda Mone, Cameroon 

 

 
 
Figure 51. Current forest aggregation index (0- 100%) of  Takomanda Mone, Cameroon 
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Figure 52. Current connectivity of forest (0- 100) of Takomanda Mone, Cameroon 

 

Tanzania (East Usambara) 

 
Figure 53. Current total core area of forest (0- 441 ha) of  East Usambara, Tanzania 
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Figure 54. Current forest aggregation index (0- 100%) of  East Usambara, Tanzania 

 

 
Figure 55. Current connectivity of forest (0- 100) of East Usambara, Tanzania 
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Landscape dynamics over time and space 

In this section we will visualize changes in local (sub-landscape) configuration over time in the 

five sites. These analyses should be useful in projecting the future total core area, aggregation and 

also connectivity based on past changes. Beyond that, areas that are prone to dis-

aggregation/fragmentation and un-connectivity/isolation can be identified. 

By combining these analyses with scenarios to project the future land use/cover changes, we will 

able to provide an effective „negotiation‟ platform with multi-stakeholders by showing the what-if 

situation. Showing the areas that most likely will be isolated or fragmented under particular 

scenarios within such and such years is a powerful way to start a discussion to land use planning.  

Some guidelines, criteria and indicators to be used in the land use planning process could be 

derived, for instance: 

 Delineating the likely loss of total forest core area based on previous pattern of deforestation, 

e.g., in Bungo (Figure 56), Monampana (Figure 62) and East Usambara (Figure 68) landscape 

cases, deforestation mainly happened as encroachment from the edge of primary forest block, 

while in Viengkham (Figure 59) and Takamanda-Mone (Figure 65) deforestation 

predominantly take places along the new road establishment and river. Apart from that 

settlement in the middle of primary forest blocks continues to expand in areas 

 Identification of the likely loss of areas with high aggregation index surrounding large- sized 

primary forest blocks (Figure 57, 60, 63, 66, 69) 

 Identification of the likely loss of areas with connectivity index surrounding large-sized 

primary forest blocks (Figure 58, 61, 64, 67, 70) 

 

In addition to past spatial pattern of deforestation, likelihood or probability of deforestation and 

land use/cover changes can be derived from multi- agent modelling, empirical modelling or 

spatially explicit driver modelling. Further the projection or prediction can be used as a layer of 

information to be incorporated in identification of vulnerable areas of habitat loss, increased 

fragmentation and reduced connectivity. Negotiation and protection measures could be imposed 

in these vulnerable areas along with intervention that can be taken. Trade-offs between 

conservation and development should be sought, for example, identify areas of low opportunity 

cost (from cost-benefit analysis of land use system) with high conservation values.  
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  (a)      (b)     (c) 

       
 
  (d)      (e)      
 
Figure 56.  Time series of total core area of forest, (a) total core area in 1973 (b) total core area in 1988 with deforestation in 1973-1988 (c) total core area in 

1993 with deforestation in 1988-1993 (d) total core area in 2002 with deforestation in 1993-2002 (e) total core area in 2007 with deforestation in 2002-2007
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  (a)      (b)     (c) 
 

      
  (d)      (e)      
 
 
Figure 57.  Time series of aggregation index of forest, (a) aggregation index in 1973 (b) aggregation index in 1988 with deforestation in 1973-1988 

(c)aggregation index in 1993 with deforestation in 1988-1993 (d) aggregation index in 2002 with deforestation in 1993-2002 (e) aggregation index in 2007 with 

deforestation in 2002-2007
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  (a)      (b)     (c) 
 

      
  (d)      (e)      
 
 
Figure 58.  Time series of connectivity of forest, (a) connectivity in 1973 (b) connectivity in 1988 with deforestation in 1973-1988 (c) connectivity in 1993 with 

deforestation in 1988-1993 (d) connectivity in 2002 with deforestation in 1993-2002 (e) connectivity in 2007 with deforestation in 2002-2007
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Laos (Viengkham) 

   
   (a)      (b) 

 
 
Figure 59.  Time series of total core area of forest, (a) total core area in 2002 (b) total core area in 2007 
with deforestation 2002-2007 
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   (a)      (b) 
 

 
 
Figure 60.  Time series of aggregation index of forest, (a) aggregation index in 2002 (b) aggregation index 

in 2007 with deforestation 2002-2007 
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   (a)      (b) 
 

 
 
Figure 61.  Time series of connectivity of forest, (a) connectivity in 2002 (b) connectivity in 2007 with 

deforestation 2002-2007 
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Madagascar (Manompana) 

 
   (a)       (b) 
 

 
 
Figure 62.  Time series of total core area of forest, (a) total core area in 1990 (b) total core area in 2005 

with deforestation1990-2005 
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   (a)       (b) 
 

 
 
Figure 63.  Time series of aggregation index forest, (a) aggregation index in 1990 (b) aggregation index in 

2005 with deforestation1990-2005 
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   (a)       (b) 
 

 
 
Figure 64.  Time series of connectivity of forest, (a) connectivity in 1990 (b)connectivity in 2005 with 

deforestation 1990-2005 
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Cameroon (Takamanda Mone)  

   
            (a)            (b) 

    
            (c)            (d) 

 
 
Figure 65. Time series of total core area of forest, (a) total core area in 1986 (b) total core area in 1990 

with deforestation in 1986-1990 (c) total core area in 2001 with deforestation in 1990-2001 (d) total core 

area in 2005 with deforestation in 2001-2005 
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            (a)            (b) 

    
            (c)            (d) 

 
 
Figure 66.   Time series of aggregation index of forest, (a) aggregation index in 1986 (b) aggregation index 
in 1990 with deforestation in 1986-1990 (c) aggregation index in 2001 with deforestation in 1990-2001 (d) 

aggregation index in 2005 with deforestation in 2001-2005 
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            (a)            (b) 

    
            (c)            (d) 

 
 
Figure 67.  Time series of connectivity of forest, (a) connectivity in 1986 (b) connectivity in 1990 with 

deforestation in 1986-1990 (c) connectivity in 2001 with deforestation in 1990-2001 (d) connectivity in 
2005 with deforestation in 2001-2005 
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Tanzania (East Usambara) 

     
  (a)    (b)            (c) 

 
 
Figure 68.    Time series of total core area of forest, (a) total core area in 1992 (b) total core area in 2000 

with deforestation in 1992-2000 (c) total core area in 2007 with deforestation in 2000-2007  
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  (a)    (b)            (c) 

 
 
Figure 69.    Time series of aggregation index of forest, (a) aggregation index in 1992 (b) aggregation 

index in 2000 with deforestation in 1992-2000 (c) aggregation index in 2007 with deforestation in 2000-

2007  
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  (a)    (b)            (c) 

 
 
Figure 70.    Time series of connectivity of forest, (a) connectivity in 1992 (b) connectivity in 2000 with 

deforestation in 1992-2000 (c) connectivity in 2007 with deforestation in 2000-2007  
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Next steps 

The results of the on-going research will further be analyzed and synthesized as well as 
being used for more detailed studies, including the following:  

 Linking the analysis to the on-the-ground knowledge of trends and drivers and livelihoods 

 Adding more data in the time series of Laos (period I and II), Cameroon and Madagascar 

(period II) 

 Further classifying the land use/cover types by differentiating forests based on density and by 

differentiating tree cover based on number of dominant tree species (monoculture or mixed) 

 Comparing land use and land cover changes inside and outside protected areas 

 Ground-truthing for accuracy analysis 

 Linking the analysis with the results of quick tree diversity survey 

 Based on „Quick Tree Diversity Survey‟ and analysis of dispersal, experimenting different 

sets of parameters to derive functional indices that reflect ecological processes and species-

specific characteristics 

 Exploring more indices that can quantify ecological properties of landscapes beyond 

visualization   

 Scenario analysis from visioning exercise to identify opportunity and constraints for 

biodiversity conservation in the landscape mosaics, and therefore options and possible 

interventions (policies, rewards for environmental services) 
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Conclusion 

Changes in landscape composition and configuration over time due to land use/cover changes, 

including deforestation, are marked in the five landscapes of Bungo (Indonesia), Viengkham 

(Laos), Manompana (Madagascar), Takamanda-Mone (Cameroon) and East Usambara 

(Tanzania). Except for Viengkham (with only two time series such that data is very limiting), 

other landscapes experience decreases of forest cover over time with varying rates.  Subsequent 

land use/cover post-deforestation also varies from fallow, mixed-tree based system such as rubber 

and cinnamon or monoculture trees such as oil palm and acacia, cropland and settlement. In most 

recent year, based on forest and tree cover fraction, the order of forest transition stages from 

earliest to the most advanced of the landscapes under study is Takamanda-Mone, Viengkham, 

Manompana, East Usambara and Bungo, with Bungo being close to reaching the reversal mode 

from declining forest cover to increasing tree cover. Spatial pattern of deforestation is determined 

by topography and transportation network (road and river) as well as the configuration of forest 

blocks and settlement locations/population densities. Changes in landscape level indices indicate 

the loss of forest core area, increased fragmentation and reduced connectivity over time, and can 

be used as a quick criteria to assess risks of extinction of species with particular characteristics 

(habitat specialized species is sensitive to rapid reduction of forest core area; species with no 

ability to migrate swiftly is sensitive to rapid increase of fragmentation and species which do not 

disperse their propagules broad enough are sensitive to rapid decrease of connectivity). The case 

of East Usambara is the worst among the five landscapes for such habitat specialized, sedentary 

and narrowly disperses species because of its high rate of habitat loss is simultaneous with rapid 

increase of fragmentation and decrease in connectivity.  

Spatial variations of forest core area, aggregation and connectivity indices across the 

landscapes (indices at sub-landscape level computes across the entire landscape), which 

can be visualized as maps can offer valuable information and function as tools for 

negotiation platform within land use planning process. Past spatial pattern of 

deforestation can suggest where within the landscape the future deforestation will take 

place. In conjunction with scenario simulation based on multi-agent modelling, empirical 

modelling or spatially-explicit driver modelling, projection of likely areas of 

deforestation based on past spatial deforestation pattern can spot vulnerable area of forest 

core area loss, fragmentation and reduced connectivity.  This will help multiple 

stakeholders to jointly produce guidelines, criteria and indicators of multifunctional 

landscapes concerning biodiversity, and further identifying options and deciding on 

„optimal‟ landscapes where opportunity lost is lowest and conservation potential is 

highest.  
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