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vÙēúíÎÀÌúÙ µĆĖ÷æúĆĲ æĆĖ KÀÌíġÀġ ĀÀúĴĚíĚ íĀ `ĴÀ÷ĲÙĖí EĆĖÙĚġˋ WÙĀĴÀ 

wǳŀǊƛ .ǊŀŘōǳǊƴΣ /ƘƛŜŦ ¢ŜŎƘƴƻƭƻƎȅ hŶŎŜǊΣ [ŀƴƎƭŀƴŘ /ƻƴǎŜǊǾŀǝƻƴ 

мΦ  9ȄŜŎǳǝǾŜ {ǳƳƳŀǊȅ 

¢Ƙƛǎ ǊŜǇƻǊǘ ŘŜǘŀƛƭǎ [ŀƴƎƭŀƴŘ /ƻƴǎŜǊǾŀǝƻƴϥǎ ǎǳǇǇƻǊǘ ǘƻ ¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘ ƛƴ bȅŀƪǿŜǊƛ CƻǊŜǎǘΣ 

YŜƴȅŀΣ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀƴ !LπŘǊƛǾŜƴ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ǇǊƻƧŜŎǘ ǘƻ ŀƛŘ ƛƴ ǘƘŜ 

ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ Dƛŀƴǘ tŀƴƎƻƭƛƴǎ ŀƴŘ ǘƘŜƛǊ ƘŀōƛǘŀǘΦ ¢ƘŜ ǇǊƻƧŜŎǘΣ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ /ƻƴƴŜŎǘŜŘ 

/ƻƴǎŜǊǾŀǝƻƴ CƻǳƴŘŀǝƻƴΣ ŀƴŘ !ƛǊōǳǎΣ ŘŜƳƻƴǎǘǊŀǘŜǎ ŀ ǾƛŀōƭŜ ǿƻǊƪƅƻǿ ŦƻǊ ŀǇǇƭȅƛƴƎ ŀŎŎŜǎǎƛōƭŜΣ ƘƛƎƘπ

ǘŜŎƘ ǎƻƭǳǝƻƴǎ ǘƻ ǇǊŜǎǎƛƴƎ ŎƻƴǎŜǊǾŀǝƻƴ ŎƘŀƭƭŜƴƎŜǎΦ 

[ŀƴƎƭŀƴŘ /ƻƴǎŜǊǾŀǝƻƴΣ ƛƴ ŎƻƭƭŀōƻǊŀǝƻƴ ǿƛǘƘ ¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘΣ Ƙŀǎ ǘŜǎǘŜŘ ŀƴ ƛƴƴƻǾŀǝǾŜΣ 

ŀŎŎŜǎǎƛōƭŜ !LπŘǊƛǾŜƴ ǇǊƻŎŜǎǎ ǘƻ ƳŀǇ ƛƴŘƛŎŀǘƻǊǎ ƻŦ Ƙŀōƛǘŀǘ ŘŜƎǊŀŘŀǝƻƴ ƛƴ YŜƴȅŀϥǎ bȅŀƪǿŜǊƛ CƻǊŜǎǘΦ ¢Ƙƛǎ 

ǇǊƻƧŜŎǘΣ ƳŀŘŜ ǇƻǎǎƛōƭŜ ōȅ ǘƘŜ {ŀǘŜƭƭƛǘŜǎ ŦƻǊ .ƛƻŘƛǾŜǊǎƛǘȅ !ǿŀǊŘΣ ŀƛƳǎ ǘƻ ƘŜƭǇ ǇǊƻǘŜŎǘ ǘƘŜ ǊŜŎŜƴǘƭȅ 

ŘƛǎŎƻǾŜǊŜŘ Dƛŀƴǘ tŀƴƎƻƭƛƴ ǇƻǇǳƭŀǝƻƴ ŦŀŎƛƴƎ ǎŜǾŜǊŜ Ƙŀōƛǘŀǘ ƭƻǎǎ ŀƴŘ ǎƛƎƴǇƻǎǘ ŀ ǊŜǇƭƛŎŀōƭŜ ǎŜǘ ƻŦ ǎǘŜǇǎ 

ŦƻǊ ƻǘƘŜǊ ŎƻƴǎŜǊǾŀǝƻƴ ǇǊƻƧŜŎǘǎΦ  

YŜȅ ŀŎƘƛŜǾŜƳŜƴǘǎ ŀƴŘ ƛƳǇŀŎǘǎΥ 

¶ Developed a replicable, low-code deep learning workflow using ArcGIS Pro and high-resolution 

Pleiades Neo imagery, operable on modest hardware ($4,000 system). 

¶ Quantified habitat degradation: detected x of linear land partitions, x buildings, and x of 

remaining forest cover in a 1000km² area. 

¶ Created an AI model to detect key landscape features, overcoming challenges like seasonal 

vegetation changes and lightweight fence structure identification. 

¶ Demonstrated that sophisticated AI analysis can be performed without relying on extensive 

cloud computing or tech giant partnerships, making advanced conservation technologies more 

accessible to local projects. 

¶ Established a template for other conservation efforts worldwide, showcasing how existing 

machine learning techniques and high-resolution imagery can address urgent environmental 

challenges with limited resources 

нΦ  LƴǘǊƻŘǳŎǝƻƴ 

нΦмΦ  .ŀŎƪƎǊƻǳƴŘ 

bȅŀƪǿŜǊƛ CƻǊŜǎǘΣ ƭƻŎŀǘŜŘ ƛƴ YŜƴȅŀϥǎ DǊŜŀǘŜǊ aŀǊŀ 9ŎƻǎȅǎǘŜƳΣ ƛǎ ŀ ŎǊƛǝŎŀƭ !ŦǊƻƳƻƴǘŀƴŜ CƻǊŜǎǘ Ƙŀōƛǘŀǘ 

ǘƘŀǘ Ƙŀǎ ǊŜŎŜƴǘƭȅ ƎŀƛƴŜŘ ǎƛƎƴƛŬŎŀƴǘ ŎƻƴǎŜǊǾŀǝƻƴ ŀǧŜƴǝƻƴΦ Lƴ нлннΣ ¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘ ƳŀŘŜ ŀ 



ƎǊƻǳƴŘōǊŜŀƪƛƴƎ ŘƛǎŎƻǾŜǊȅ ǘƘŀǘ ŘǊŀƳŀǝŎŀƭƭȅ ŀƭǘŜǊŜŘ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Dƛŀƴǘ tŀƴƎƻƭƛƴ ŘƛǎǘǊƛōǳǝƻƴ 

ƛƴ 9ŀǎǘ !ŦǊƛŎŀΦ  

Dƛŀƴǘ tŀƴƎƻƭƛƴǎ ό{Ƴǳǘǎƛŀ ƎƛƎŀƴǘŜŀύΣ ǘƘŜ ƭŀǊƎŜǎǘ ƻŦ ŀƭƭ ǇŀƴƎƻƭƛƴ ǎǇŜŎƛŜǎΣ ǿŜǊŜ ǇǊŜǾƛƻǳǎƭȅ ǘƘƻǳƎƘǘ ǘƻ 

ƘŀǾŜ ǘƘŜƛǊ ŜŀǎǘŜǊƴ ǊŀƴƎŜ ƭƛƳƛǘ ƛƴ ¦ƎŀƴŘŀΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǳōƭƛǎƘŜŘ ōȅ ¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘ 

ǊŜǾŜŀƭŜŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜǎŜ ŜƭǳǎƛǾŜ ŎǊŜŀǘǳǊŜǎ ƛƴ bȅŀƪǿŜǊƛ CƻǊŜǎǘΣ ŜȄǘŜƴŘƛƴƎ ǘƘŜƛǊ ƪƴƻǿƴ ǊŀƴƎŜ ōȅ 

рлл ƪƛƭƻƳŜǘǊŜǎмр ŜŀǎǘǿŀǊŘΦ ¢Ƙƛǎ ŘƛǎŎƻǾŜǊȅ ƴƻǘ ƻƴƭȅ ǳƴŘŜǊǎŎƻǊŜŘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

bȅŀƪǿŜǊƛ CƻǊŜǎǘ ōǳǘ ŀƭǎƻ ŜƳǇƘŀǎƛȊŜŘ ƛǘǎ ǇƻǘŜƴǝŀƭ ǊƻƭŜ ƛƴ ǇŀƴƎƻƭƛƴ ŎƻƴǎŜǊǾŀǝƻƴΦ 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ bȅŀƪǿŜǊƛ CƻǊŜǎǘ ƭŀƴŘǎŎŀǇŜ ŦŀŎŜǎ ǎŜǾŜǊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƭƭŜƴƎŜǎΦ ¢ƘŜ ŀǊŜŀ Ƙŀǎ 

ŜȄǇŜǊƛŜƴŎŜŘ ŘǊŀƳŀǝŎ Ƙŀōƛǘŀǘ ƭƻǎǎ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜΣ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ ƛǘǎ ŦƻǊŜǎǘ ŎƻǾŜǊ 

ŘƛǎŀǇǇŜŀǊƛƴƎΦ ¢Ƙƛǎ ǊŀǇƛŘ ŘŜŦƻǊŜǎǘŀǝƻƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ŘǊƛǾŜƴ ōȅ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ǾƛŀōƭŜ Ƙŀōƛǘŀǘ ƛƴǘƻ 

ǇŀǊǝǝƻƴŜŘ ŦŀǊƳƭŀƴŘΣ ŀ ǇǊƻŎŜǎǎ ǘƘŀǘ ƛƴƅƛŎǘǎ ƛǊǊŜǾŜǊǎƛōƭŜ ŘŀƳŀƎŜ ƻƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΦ 

¢ƘŜ ƪŜȅ ǘƘǊŜŀǘǎ ǘƻ bȅŀƪǿŜǊƛ CƻǊŜǎǘ ŀƴŘ ƛǘǎ Dƛŀƴǘ tŀƴƎƻƭƛƴ ǇƻǇǳƭŀǝƻƴ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

¶ Deforestation: Large-scale clearing of forest for agriculture, charcoal production, and human 

settlement. Giant Pangolin have a preference for dense forest habitats with abundant 

populations of ants and termites. 

¶ Habitat Fragmentation: The remaining forest is increasingly divided into smaller, isolated 

patches. The construction of field boundaries, roads and buildings further encroaches on natural 

Ƙŀōƛǘŀǘǎ ŀƴŘ ŘŜǎǘǊƻȅǎ ǘƘŜ ŎƻƴƴŜŎǘƛǾƛǘȅ ōŜǘǿŜŜƴ άƛǎƭŀƴŘǎέ ƻŦ ǊŜƳŀƛƴƛƴg viable habitat. 

¶ Electric Fences: While intended to protect crops from elephants and other raiding species, these 

pose a significant physical threat to pangolins. 

¶ Poaching: All pangolin species are highly valued for their meat and scales. Pangolin are the most 

trafficked wild mammal globally. 

нΦнΦ  ¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘ 

¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘ ƛǎ ŀ ƴƻƴπǇǊƻŬǘ ƻǊƎŀƴƛȊŀǝƻƴ ōŀǎŜŘ ƛƴ YŜƴȅŀΣ ƭŜŘ ōȅ 5ǊΦ /ƭŀƛǊŜ hƪŜƭƭΦ 5ŜŘƛŎŀǘŜŘ ǘƻ 

ǇŀƴƎƻƭƛƴ ŎƻƴǎŜǊǾŀǝƻƴ ǊŜǎŜŀǊŎƘ ŀƴŘ ǇǊƻǘŜŎǝƻƴΣ ǘƘŜ ƻǊƎŀƴƛȊŀǝƻƴ ŦƻŎǳǎŜǎ ƻƴ ǎŜŎǳǊƛƴƎ ŀ ŦǳǘǳǊŜ ŦƻǊ 

!ŦǊƛŎŀƴ tŀƴƎƻƭƛƴǎ ƛƴ ǘƘŜƛǊ ƴŀǝǾŜ ƭŀƴŘǎŎŀǇŜǎΦ  

¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘϥǎ ǿƻǊƪ ŜƴŎƻƳǇŀǎǎŜǎ ŦƻǳǊ Ƴŀƛƴ ŀǊŜŀǎΥ 

/ƻƴǎŜǊǾŀǝƻƴ wŜǎŜŀǊŎƘΥ /ƻƴŘǳŎǝƴƎ ǇǊŀŎǝŎŀƭ ŎƻƴǎŜǊǾŀǝƻƴ ǎŎƛŜƴŎŜ ǘƻ ǇǊƻǾƛŘŜ ŜǾƛŘŜƴŎŜπōŀǎŜŘ 

ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ŎƻƴǎŜǊǾƛƴƎ ǇŀƴƎƻƭƛƴǎ ƛƴ ǘƘŜ ǿƛƭŘΦ 

{ǳǎǘŀƛƴŀōƭŜ tǊƻǘŜŎǝƻƴΥ {ǳǇǇƻǊǝƴƎ ǊŀƴƎŜǊǎ ŀƴŘ ŀƴǝπǇƻŀŎƘƛƴƎ ǘŜŀƳǎ ōȅ ŘŜǾŜƭƻǇƛƴƎ ǎǇŜŎƛŬŎ ǎƪƛƭƭǎ ŀƴŘ 

ƪƴƻǿƭŜŘƎŜ ŦƻǊ ǇǊƻǘŜŎǝƴƎ ǇŀƴƎƻƭƛƴǎ ŀƴŘ ǘƘŜƛǊ ƘŀōƛǘŀǘǎΦ 

/ƻƳƳǳƴƛǘȅ tŀǊǘƴŜǊǎƘƛǇǎΥ 9ƳǇƻǿŜǊƛƴƎ ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎ ǘƻ ŀŎǘ ŀǎ ǇŀƴƎƻƭƛƴ ŎǳǎǘƻŘƛŀƴǎ ǘƘǊƻǳƎƘ 

ŜŘǳŎŀǝƻƴΣ ŎƻƴǎŜǊǾŀǝƻƴ ǘǊŀƛƴƛƴƎΣ ŀƴŘ ǎǳǇǇƻǊǘ ŀŎǝǾƛǝŜǎΦ 

!ǿŀǊŜƴŜǎǎ ŀƴŘ !ŘǾƻŎŀŎȅΥ LƴŎǊŜŀǎƛƴƎ ŀǿŀǊŜƴŜǎǎ ŀōƻǳǘ ǇŀƴƎƻƭƛƴǎ ŀƳƻƴƎ ǇŀǊǘƴŜǊǎΣ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ 

ŎƻƳƳǳƴƛǘȅΣ ŀƴŘ ǎƻŎƛŜǘȅ ŀǘ ƭŀǊƎŜΦ 

2.3. Langland Conservation 

[ŀƴƎƭŀƴŘ /ƻƴǎŜǊǾŀǝƻƴ ƛǎ ŀ ¦YπǊŜƎƛǎǘŜǊŜŘ ŎƘŀǊƛǘȅ ǘƘŀǘ ǎǇŜŎƛŀƭƛȊŜǎ ƛƴ ǳǎƛƴƎ Řŀǘŀ ŀƴŀƭȅǝŎǎ ŀƴŘ 

ǘŜŎƘƴƻƭƻƎȅ ǘƻ ǎǳǇǇƻǊǘ ŀ ǊŀƴƎŜ ƻŦ ŎƻƴǎŜǊǾŀǝƻƴ ǇŀǊǘƴŜǊǎΦ ¢ƘŜƛǊ ǿƻǊƪ ŦƻŎǳǎŜǎ ƻƴ ǘƘǊŜŜ ŎƻǊŜ ŀǎǇŜŎǘǎΥ 



¶ Using data-driven insights to help decision-makers achieve greater results in conservation. 

¶ Empowering others to leverage technology in conservation efforts. 

¶ Supporting investigations to tackle organized wildlife crime worldwide. 

In the Nyakweri Forest project, Langland Conservation's role was to conduct a thorough analysis of 
the area and develop and implement an AI-driven remote sensing solution to quantify and visualize 
habitat degradation.  

Their support to The Pangolin Project was led by Chief Technology Officer, Ruari Bradburn, and Head 
of Analytics, Dr. Alice Ball. 

2.4  The Satellites for Biodiversity Award 

The Satellites for Biodiversity Award, a collaboration between Connected Conservation Foundation 
and Airbus, played a crucial role in this project. This initiative, which bridges conservation 
organizations and satellite imagery providers, provided Langland Conservation and The Pangolin 
Project with access to high-resolution Airbus Pleiades Neo 0.3m RGB imagery. This imagery was 
essential for developing the AI model and analysing the Nyakweri Forest landscape. 

The Connected Conservation Foundation, particularly through director Sophie Maxwell, offered 
invaluable support throughout the project. This collaboration exemplifies how partnerships between 
technology providers and conservation organizations can significantly enhance the effectiveness of 
biodiversity protection efforts.  

3. Project Objectives 

оΦмΦ vǳŀƴǝŦȅ Iŀōƛǘŀǘ 5ŜƎǊŀŘŀǝƻƴ 

The primary aim was to understand and quantify the extent and rate of habitat degradation in the 
Nyakweri Forest Landscape, part of the Greater Mara Ecosystem in Kenya. This objective was crucial 
given the recent discovery of Giant Pangolins in the area and the rapid conversion of viable habitat 
to farmland. 

оΦнΦ 5ŜǾŜƭƻǇ !Lπ5ǊƛǾŜƴ /ƻƴǎŜǊǾŀǝƻƴ ¢ƻƻƭǎ 

! ŎƻǊŜ ƻōƧŜŎǝǾŜ ǿŀǎ ǘƻ ŘŜǾŜƭƻǇ ŀ 5ŜŜǇ [ŜŀǊƴƛƴƎ ƳƻŘŜƭ ŎŀǇŀōƭŜ ƻŦ ŘŜǘŜŎǝƴƎ ƪŜȅ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎΥ 

1. Artificial Land Partitions & Fence Lines 

2. Tree Cover 

3. Buildings 

¢Ƙƛǎ !L ƳƻŘŜƭ ǿƻǳƭŘ ǎŜǊǾŜ ŀǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ŦƻǊ ŀƴŀƭȅǎƛƴƎ ƭŀǊƎŜ ŀǊŜŀǎ ǉǳƛŎƪƭȅ ŀƴŘ ŀŎŎǳǊŀǘŜƭȅΣ 

ǇǊƻǾƛŘƛƴƎ Ǿƛǘŀƭ Řŀǘŀ ŦƻǊ ŎƻƴǎŜǊǾŀǝƻƴ ŜũƻǊǘǎΦ 

оΦоΦ LƴŦƻǊƳ /ƻƴǎŜǊǾŀǝƻƴ {ǘǊŀǘŜƎƛŜǎ 

.ȅ ǇǊƻǾƛŘƛƴƎ ŘŜǘŀƛƭŜŘΣ ǳǇπǘƻπŘŀǘŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜΣ ǘƘŜ ǇǊƻƧŜŎǘ ŀƛƳŜŘ ǘƻ ǊŀƛǎŜ ŀǿŀǊŜƴŜǎǎΣ 

ƘŜƭǇ ƛƴŦƻǊƳ ǇǊƻǘŜŎǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ǎǳŎƘ ŀǎ ŦŜƴŎŜ ŘŜπŜƭŜŎǘǊƛŬŎŀǝƻƴΣ ŀƴŘ ƘŜƭǇ ŦƻŎǳǎ ŜũƻǊǘǎ ƻƴ ŎƻƴǎŜǊǾƛƴƎ 

ǊŜƳŀƛƴƛƴƎ ŀǊŜŀǎ ƻŦ ǿƻƻŘƭŀƴŘΦ  

оΦпΦ 5ŜƳƻƴǎǘǊŀǘŜ !ŎŎŜǎǎƛōƭŜ ¢ŜŎƘƴƻƭƻƎȅ ¦ǎŜ 

! ƪŜȅ ƻōƧŜŎǝǾŜ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿŀǎ ǘƻ ǎƘƻǿŎŀǎŜ Ƙƻǿ ƘƛƎƘπǊŜǎƻƭǳǝƻƴ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǊȅΣ ŀƴŘ !L 

ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻǳƭŘ ōŜ ƭŜǾŜǊŀƎŜŘ ŜũŜŎǝǾŜƭȅ ōȅ ŎƻƴǎŜǊǾŀǝƻƴ ǇǊƻƧŜŎǘǎ ǿƛǘƘ ƭƛƳƛǘŜŘ ǊŜǎƻǳǊŎŜǎΦ ¢Ƙƛǎ 



ŀǇǇǊƻŀŎƘ ŀƛƳŜŘ ǘƻ ǎŜǊǾŜ ŀǎ ŀ ƳƻŘŜƭ ŦƻǊ ŎƻƴǎŜǊǾŀǝƻƴ ƛƴƛǝŀǝǾŜǎ ǿƻǊƭŘǿƛŘŜΣ ŘŜƳƻƴǎǘǊŀǝƴƎ ǘƘŀǘ 

ǎƻǇƘƛǎǝŎŀǘŜŘ ŀƴŀƭȅǎƛǎ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƻǳǘ ǊŜƭȅƛƴƎ ƻƴ ŜȄǘŜƴǎƛǾŜ ŎƭƻǳŘ ŎƻƳǇǳǝƴƎ ǊŜǎƻǳǊŎŜǎΦ 

¢ƘŜ ǇǊƻƧŜŎǘ ŀƛƳŜŘ ǘƻ ǘŜǎǘ ŀƴŘ ŜǎǘŀōƭƛǎƘ ŀ ƭƻǿπŎƻŘŜΣ ŜƴŘπǘƻπŜƴŘ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ǿƻǊƪƅƻǿ ǘƘŀǘ ŎƻǳƭŘ ōŜ 

ŀǇǇƭƛŜŘ ǘƻ ƻǘƘŜǊ ŎƻƴǎŜǊǾŀǝƻƴ ŎƘŀƭƭŜƴƎŜǎΦ ¢Ƙƛǎ ǿƻǊƪƅƻǿ ǿŀǎ ŘŜǎƛƎƴŜŘ ǘƻ ōŜ ŀŎŎŜǎǎƛōƭŜ ǘƻ ǇǊƻƧŜŎǘǎ 

ǿƛǘƘ ƳƻŘŜǎǘ ƘŀǊŘǿŀǊŜ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǎƪƛƭƭǎΣ ŘŜƳƻŎǊŀǝȊƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ŀŘǾŀƴŎŜŘ ǘŜŎƘƴƻƭƻƎȅ ƛƴ 

ŎƻƴǎŜǊǾŀǝƻƴΦ 

пΦ aŜǘƘƻŘƻƭƻƎȅ 

пΦмΦ LƳŀƎŜǊȅ 

пΦмΦн  5ŀǘŀ !Ŏǉǳƛǎƛǝƻƴ 

¢ƘŜ tǊƻƧŜŎǘ ǳǝƭƛǎŜŘ !ƛǊōǳǎ tƭŜŀƛŘŜǎ bŜƻ ƛƳŀƎŜǊȅΦ !ƭƭ ƛƳŀƎŜǊȅ ǿŀǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ /ƻƴƴŜŎǘŜŘ 

/ƻƴǎŜǊǾŀǝƻƴ CƻǳƴŘŀǝƻƴ ǘƘǊƻǳƎƘ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ !ƛǊōǳǎΦ 

пΦмΦоΦ  LƳŀƎŜǊȅ /ƻǾŜǊŀƎŜΥ 

¢ƘŜ ƛƳŀƎŜǊȅ ǿŀǎ ǊŜŎŜƛǾŜŘ ƛƴ ƳǳƭǝǇƭŜ ǘǊŀƴŎƘŜǎΥ 

ŀΦ ¢ǊŀƴŎƘŜ мΥ /ƻǾŜǊŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ прлƪƳч ƻŦ ǘƘŜ ǿŜǎǘŜǊƴ ǎƛŘŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ 

/ƻƳǇǊƛǎŜŘ ƻŦ о ƛƳŀƎŜǎΦ 5ŀǘŜŘ нпκлуκнлноΦ 

ōΦ ¢ǊŀƴŎƘŜ нΥ /ƻǾŜǊŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рллƪƳч ƻŦ ǘƘŜ ŜŀǎǘŜǊƴ ǎƛŘŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ /ƻƳǇǊƛǎŜŘ 

ƻŦ н ƛƳŀƎŜǎΦ 5ŀǘŜŘ лнκмлκнлноΦ 

ŎΦ ¢ǊŀƴŎƘŜ оΥ /ƻǾŜǊŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ молƪƳчΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ŘŜǎƛƎƴŀǘŜŘ tǊƛƻǊƛǘȅ 

/ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ ƻƴ ǘƘŜ ŜŀǎǘŜǊƴ ŜŘƎŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ /ƻƳǇǊƛǎŜŘ ƻŦ м ƛƳŀƎŜΦ 5ŀǘŜŘ 

лмκлоκнлнпΦ  

Lǘϥǎ ǿƻǊǘƘ ƴƻǝƴƎ ǘƘŀǘ ǘƘŜ ƛƳŀƎŜǊȅ ǘǊŀƴŎƘŜǎ ǿŜǊŜ ǘŀƪŜƴ ǳƴŘŜǊ ŘƛũŜǊŜƴǘ ǎŜŀǎƻƴŀƭ ŎƻƴŘƛǝƻƴǎΣ ǿƛǘƘ ¢ǊŀƴŎƘŜǎ н 

ŀƴŘ о ŀǇǇŜŀǊƛƴƎ ƳǳŎƘ ƎǊŜŜƴŜǊ ǘƘŀƴ ¢ǊŀƴŎƘ мΦ 

wŀǿ LƳŀƎŜǊȅ tǊƻŘǳŎǘǎ 

   
¢ǊŀƴŎƘŜ м ¢ǊŀƴŎƘŜ н ¢ǊŀƴŎƘŜ о 

 

¢ǿƻ ƳŜǊƎŜŘ ǇǊƻŘǳŎǘǎ ǿŜǊŜ ŎǊŜŀǘŜŘΥ 

a. Merge 2x1: Created by combining Tranche 2 on top of Tranche 1. 

b. Merge 3x2x1: Created by combining Trance 3 on top of Merge 2x1 

 

 



 

 

 

aŜǊƎŜŘ LƳŀƎŜǊȅ tǊƻŘǳŎǘǎ 

  
aŜǊƎŜ нȄм aŜǊƎŜ оȄнȄм 

 

The resultant file rasters were very large in size. The .tif file for Merge 3x2x1 that was passed to the 
deep learning model for inference totalled 291GB. 

пΦмΦпΦ LƳŀƎŜǊȅ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ 

¢ƘŜ ƛƳŀƎŜǊȅ ǿŀǎ ŀ пπōŀƴŘ ǇŀƴǎƘŀǊǇŜƴŜŘ ǇǊƻŘǳŎǘΣ ŎƻƴǎƛǎǝƴƎ ƻŦΥ 

ŀΦ wD. όwŜŘΣ DǊŜŜƴΣ .ƭǳŜύ ōŀƴŘǎ 

ōΦ bLw όbŜŀǊπLƴŦǊŀǊŜŘύ ōŀƴŘ 

¢ƘŜ ǊŜǎƻƭǳǝƻƴ ƻŦ ǘƘŜ ǇŀƴǎƘŀǊǇŜƴŜŘ ƛƳŀƎŜǊȅ ǿŀǎ лΦоƳΣ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘŜ Ŧǳǎƛƻƴ ƻŦΥ 

ŀΦ мΦнƳ ƳǳƭǝǎǇŜŎǘǊŀƭ όwD. Ҍ bLwύ Řŀǘŀ 

ōΦ лΦоƳ ǇŀƴŎƘǊƻƳŀǝŎ Řŀǘŀ  

LƳŀƎŜǊȅ 9ȄŀƳǇƭŜǎ 

   
¢ǊŀƴŎƘŜ м ¢ǊŀƴŎƘŜ н ¢ǊŀƴŎƘŜ о 

 

пΦмΦрΦ aǳƭǝǎǇŜŎǘǊŀƭ /ŀǇŀōƛƭƛǝŜǎ 



A single band Normalised Difference Vegetation Index (NDVI) version of Merge 3x2x1 was created, 
totalling 145GB. 

 

 

 

!ƴ άb5±Lέ ŜƴƘŀƴŎŜŘ ǾƛŜǿ ƻŦ ǘƘŜ ǊŀǎǘŜǊǎ ǿŜǊŜ ŎǊŜŀǘŜŘ ōȅ ƻǾŜǊƭŀȅƛƴƎ ŀ ǎŜƳƛπǘǊŀƴǎǇŀǊŜƴǘ b5±L ǾƛŜǿ ƻŦ 

оȄнȄм ƻǾŜǊ ǘƘŜ wD. ǾŜǊǎƛƻƴ ƻŦ оȄнȄмΦ ¢Ƙƛǎ ŜƳǇƘŀǎƛǎŜŘ ǘƘŜ ŀǊŜŀǎ ƻŦ ƴŜƎŀǝǾŜ ǾŀƭǳŜǎ ƛƴ ǊŜŘΣ ŀǊŜŀǎ ƻŦ 

ǇƻǎƛǝǾŜ ǾŀƭǳŜǎ ƛƴ ƎǊŜŜƴΦ !ǊŜŀǎ ōŜǘǿŜŜƴ πлΦн ŀƴŘ лΦн ǿŜǊŜ ƭŜƊ ǘǊŀƴǎǇŀǊŜƴǘΦ ¢Ƙƛǎ ǿŀǎ Ƴŀƛƴƭȅ ǳǎŜŘ ŀǎ ŀ 

ǿƻǊƪƛƴƎ ǾƛŜǿ ǘƻ ŀǎǎƛǎǘ ǿƛǘƘ ǘƘŜ Ƴŀƴǳŀƭ ǇǊƻŘǳŎǝƻƴ ƻŦ ǘƘŜ ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘΦ 

aƻǎǘ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎ Řƻ ƴƻǘ ǎǳǇǇƻǊǘ пπōŀƴŘ ƛƳŀƎŜǊȅΣ ƳŜŀƴƛƴƎ ǘƘŜ оπōŀƴŘ wD. ƛƳŀƎŜǎ ǿŜǊŜ 

ǳǎŜŘ ŦƻǊ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘǎ ŀƴŘ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎΦ  

²Ƙƛƭǎǘ ƛǘ ŦŜƭƭ ƻǳǘ ƻŦ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ƛǘ ǿƻǳƭŘ ōŜ ƘƛƎƘƭȅ ŘŜǎƛǊŀōƭŜ ǘƻ ŜȄǇƻǊǘ ǘƘŜ άb5±L 9ƴƘŀƴŎŜŘέ 

±ƛŜǿ ǘƻ ƛǘǎ ƻǿƴ оπōŀƴŘ wD. ǊŀǎǘŜǊ ŀƴŘ ŎǊŜŀǘŜ ŀ ŘŜŘƛŎŀǘŜŘ ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘ ŀƴŘ ŘŜŜǇπƭŜŀǊƴƛƴƎ ƳƻŘŜƭΦ 

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘƛǎ ƳƻŘŜƭ ǿƻǳƭŘ ǘƘŜƴ ōŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ŀƎŀƛƴǎǘ ǘƘŜ Ǌŀǿ 

wD. ǾŜǊǎƛƻƴΦ 

пΦнΦ IŀǊŘǿŀǊŜ 

¢ƘŜ ǇǊƻƧŜŎǘ ŀƛƳŜŘ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǎƻǇƘƛǎǝŎŀǘŜŘ !L ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƴǎŜǊǾŀǝƻƴ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ 

ǳǎƛƴƎ ŀ ŎƻƴǎǳƳŜǊ ŘŜǎƪǘƻǇ ǿƛǘƘƻǳǘ ǊŜƭȅƛƴƎ ƻƴ ŜȄǘŜǊƴŀƭ ŎƭƻǳŘ ŎƻƳǇǳǝƴƎ ǊŜǎƻǳǊŎŜǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǎƛƳǇƭƛŬŜŘ ǘƘŜ ǿƻǊƪƅƻǿΣ ōǳǘ ƛǘϥǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ǘǊŀŘŜπƻũǎ ōŜǘǿŜŜƴ ŘŜǎƪǘƻǇ 

ŀƴŘ ŎƭƻǳŘ ǎȅǎǘŜƳǎΦ 

/ƻƴǎƛŘŜǊŀǝƻƴǎ ŦƻǊ 5ŜǎƪǘƻǇ IŀǊŘǿŀǊŜ 

¶ Essential for general data handling, pre-processing, post-processing, and GIS analysis. Such a 

system, (less the GPU) would be likely required regardless.  

¶ One-time purchase cost; NVIDIA GPU pays for itself in approximately 135 days of continual 

use. 

¶ Provides a single tool for end-to-end execution of deep learning workflows and all supporting 

steps 

/ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ wD. ŀƴŘ b5±L 9ƴƘŀƴŎŜŘ ǾƛŜǿǎ 

  
wD. LƳŀƎŜǊȅ ŦǊƻƳ оȄнȄм оȄнȄм άb5±L 9ƴƘŀƴŎŜŘέ ±ƛŜǿ 



/ƻƴǎƛŘŜǊŀǝƻƴǎ ŦƻǊ ƻŦ /ƭƻǳŘ {ȅǎǘŜƳǎΥ 

¶ Scalable on demand  

¶ Supports multiple GPU clusters for faster training and inference 

¶ Access to high grade commercial processors and rapid training and inference 

¶ Portable, can be run remotely 

¶ Significantly higher skill requirement to configure and execute 

¶ Likely cheaper inference for a single project 

¶ Many providers offer limited disk quota (e.g., RunPod's 40GB), which can be prohibitive for 

large imagery datasets. In most cases the raster will be loaded directly into memory using 

libraries like rasterio or GDAL. Such memory availability is usually only available on which 

would high-end, multiple GPU configurations which would have significant cost implications. 

¶ High costs for active GPU-enabled pods during basic configuration and file upload and 

download. Idle uptime must be minimised. 

DƛǾŜƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƴŀǘǳǊŜ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ŘŜǎƛǊŜ ǘƻ ƛŘŜƴǝŦȅ ŀ ǘǊŀƴǎŦŜǊǊŀōƭŜ ŀƴŘ 

ǊŜǇƭƛŎŀōƭŜ ǿƻǊƪƅƻǿ ǿƛǘƘƛƴ ŎƻƴǎŜǊǾŀǝƻƴΣ ŀ ƭƻŎŀƭ ŎƻƴŬƎǳǊŀǝƻƴ ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘΦ  

¢ƘŜ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǿŀǎ ϷпΣлнрΦ 

¢ƘŜ ǎǇŜŎƛŬŎŀǝƻƴǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǳǎŜŘ ŀǊŜ ǇǊƻǾƛŘŜŘ ƘŜǊŜΣ ǿƛǘƘ ǇǊƛŎŜǎ ǘƻ ƛƭƭǳǎǘǊŀǘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ 

ƛƳǇƭƛŎŀǝƻƴǎΥ 

tǊƻŎŜǎǎƻǊΥ моǘƘ DŜƴ LƴǘŜƭόwύ /ƻǊŜό¢aύ ƛрπмосллYΣ оΦрл DIȊ π Ϸонл 

¶ This mid-range modern processor provided sufficient computational power for general data 

processing and model deployment. 

aŜƳƻǊȅΥ спD. /ƻǊǎŀƛǊ 5ƻƳƛƴŀǘƻǊ tƭŀǝƴǳƳ 55wп сслл a¢κǎ ς Ϸплл 

¶ Ample RAM allowed for efficient handling of large datasets and image processing tasks.  

¶ However, being able to load the whole raster into memory would be highly desirable. This 

would require a dedicated build that would go beyond a consumer-grade desktop. 

{ǘƻǊŀƎŜΥ {ŀƳǎǳƴƎ ффл tǊƻ п¢. b±a9 {{5 π Ϸорл 

¶ High-speed storage facilitated quick data access and write operations, crucial for working 

with large imagery files. Use of an NVME SSD drastically improved performance, particularly 

with handling of the training datasets, which are comprised of a very large number of small 

files.  

DǊŀǇƘƛŎǎ tǊƻŎŜǎǎƛƴƎ ¦ƴƛǘΥ b±L5L! DŜCƻǊŎŜ w¢· плфл нпD. D55wс όDƛƎŀōȅǘŜ !ŜǊƻ ǾŜǊǎƛƻƴύ π ϷнΣнрл 

¶ The GPU was the cornerstone of the system, providing the necessary computational power 

for training and running deep learning models.  

¶ When training on larger training datasets and running inference on large imagery the use of 

a single NVIDIA 4090 did result in longer than desirable compute times. 



¶ A system using multiple NVIDIA 4090s would offer a significant improvement and could 

present a cheaper alternative (4 x $2,250 = $9,000) to using a commercial grade alternative 

like the NVIDIA H100 ($42,000). 

hǘƘŜǊ π Ϸтлр 

¶ The system was built in a consumer desktop case ($150), complete with a reliable 1200W 

power supply ($285), CPU watercooler ($160) and an ample number of high-performance 

case fans (5 x $22 = $110). 

4.3. Software 

The project primarily utilized ArcGIS Pro as its core software environment, a choice that significantly 
influenced the workflow and accessibility of the project: 

пΦоΦмΦ  !ǊŎDL{ tǊƻ {ŜƭŜŎǝƻƴΥ 

¶ ArcGIS Pro was chosen as the primary software environment for its comprehensive toolset 

and accessibility to non-profit organizations. 

¶ While private enterprises and governments pay a premium for its features, charitable 

enterprises can access it at a significantly reduced cost, making it a highly attractive option 

for conservation use. 

¶ ArcGIS Pro provided an integrated environment for the entire workflow. It contains all the 

necessary tools to prepare training data, train deep-learning models, and deploy them. 

¶ This choice of software contributes to the replicability of the workflow, making it accessible 

to other conservation projects with limited resources. 

пΦоΦнΦ 5ŜŜǇ [ŜŀǊƴƛƴƎ /ŀǇŀōƛƭƛǝŜǎΥ 

¶ ArcGIS Pro has a dedicated Deep Learning Library, which includes PyTorch-based deep 

learning algorithms. This includes a range of RCNN (Region-Based Convolutional Neural 

Network) type architecture used in this project.  

¶ Various versions of the ResNet base architecture were used during research, with the final 

model produced using ResNext-101 

пΦоΦоΦ tƻǎǘπǇǊƻŎŜǎǎƛƴƎ /ŀǇŀōƛƭƛǝŜǎΥ 

¶ ArcGIS Pro provided tools for post-processing the model outputs, including dissolving 

overlapping output features, removing features below certain size and confidence 

thresholds and smoothing, simplifying, and regularizing output polygons. 

пΦоΦпΦ ±ƛǎǳŀƭƛȊŀǝƻƴ ŀƴŘ !ƴŀƭȅǎƛǎΥ 

¶ The software's GIS capabilities were utilized for visualizing results and conducting spatial 

analyses on the detected features. 

4.4.  Deep Learning Model 

пΦпΦм 5ŜŜǇ [ŜŀǊƴƛƴƎ !ǇǇǊƻŀŎƘŜǎ 

Lƴ ǘƘŜ ŬŜƭŘ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŦƻǊ ŎƻƳǇǳǘŜǊ ǾƛǎƛƻƴΣ ǎŜǾŜǊŀƭ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀƴŀƭȅǎƛƴƎ 

ǎŀǘŜƭƭƛǘŜ ŀƴŘ ŀŜǊƛŀƭ ƛƳŀƎŜǊȅΣ ŜŀŎƘ ǿƛǘƘ ƛǘǎ ƻǿƴ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ǳǎŜ ŎŀǎŜǎΦ ¢ƘŜ Ƴŀƛƴ ŀǇǇǊƻŀŎƘŜǎ ƛƴŎƭǳŘŜΥ 



¶ Image Classification: Assigns a single label or multiple labels to an entire image. 

¶ Semantic Segmentation: Classifies each pixel in an image into a predefined category. 

¶ Object Detection: Identifies and locates multiple objects within an image. 

¶ Instance Segmentation: Combines object detection and semantic segmentation, identifying 

individual instances of objects. 

¶ Regression: Predicts continuous values (e.g., wind speed, tree height, soil moisture) by analysing 

series of images. 

¶ Change Detection: Identifies differences between images of the same scene taken at different 

times. 

CƻǊ ƻǳǊ ǇǊƻƧŜŎǘ ƛƴ ǘƘŜ bȅŀƪǿŜǊƛ CƻǊŜǎǘΣ ǿŜ ǎŜƭŜŎǘŜŘ hōƧŜŎǘ 5ŜǘŜŎǝƻƴ ŀǎ ǘƘŜ Ƴƻǎǘ ŀǇǇǊƻǇǊƛŀǘŜ 

ŀǇǇǊƻŀŎƘΦ ²ƘƛƭŜ {ŜƳŀƴǝŎ {ŜƎƳŜƴǘŀǝƻƴ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŀƴƻǘƘŜǊ ǎǳƛǘŀōƭŜ ƳŜǘƘƻŘΣ ƻũŜǊƛƴƎ ǇƛȄŜƭπ

ƭŜǾŜƭ ǇǊŜŎƛǎƛƻƴ ŦƻǊ ƭŀƴŘ ŎƻǾŜǊ ǘȅǇŜǎΣ ǿŜ ŎƘƻǎŜ ƻōƧŜŎǘ ŘŜǘŜŎǝƻƴ ŘǳŜ ǘƻ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ōƻǘƘ 

ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƴŘ ƭƻŎŀƭƛȊŀǝƻƴ ƻŦ ǎǇŜŎƛŬŎ ŦŜŀǘǳǊŜǎΦ ¢Ƙƛǎ ŎƘƻƛŎŜ ǿŀǎ ŘǊƛǾŜƴ ōȅ ǎŜǾŜǊŀƭ ŦŀŎǘƻǊǎΥ 

¶ Feature-specific analysis: Object detection allows for easier identification and analysis of specific 

landscape features (e.g., land partitions, fences, buildings, tree cover). 

¶ Quantification of discrete elements: Enables straightforward counting of individual instances 

(e.g., buildings) and measurement of dimensions (e.g., fence lengths). 

¶ Handling of linear features: Better captures orientation and extent of linear elements like fences 

and land partitions, crucial for assessing habitat fragmentation. 

¶ Spatial relationships: Facilitates analysis of spatial relationships, including overlap, between 

different landscape elements, aiding in habitat connectivity assessment. 

¶ Ease of analysis: Object detection outputs (bounding boxes with labels) are easier to post-process 

and integrate into GIS workflows compared to pixel-level segmentation data. 

пΦпΦн aƻŘŜƭ !ǊŎƘƛǘŜŎǘǳǊŜ {ŜƭŜŎǝƻƴ 

Within the object detection paradigm, we chose to use the ResNet (Residual Network) series of 

architecture, specifically ResNet-152 initially and later ResNext-101, as the backbone forour model. 

This choice was based on several factors: 

¶ Deep Architecture: ResNets can be very deep without suffering from the vanishing gradient 

problem, allowing for more complex feature learning. 

¶ Residual Learning: The skip connections in ResNets help in training deeper networks more 

effectively. 

¶ Performance: ResNets have consistently shown strong performance in various computer vision 

tasks, including object detection. 

пΦпΦоΦ !ŎƪƴƻǿƭŜŘƎƛƴƎ ¢ǊŀƴǎŦƻǊƳŜǊ !ǇǇǊƻŀŎƘŜǎ 

Lǘϥǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŜ ŘƛǎǝƴŎǝƻƴ ōŜǘǿŜŜƴ ǘǿƻ ƳŀƧƻǊ ŀǇǇǊƻŀŎƘŜǎ ƛƴ ŎƻƳǇǳǘŜǊ ǾƛǎƛƻƴΥ 

/ƻƴǾƻƭǳǝƻƴŀƭ bŜǳǊŀƭ bŜǘǿƻǊƪǎ ό/bbǎύ ŀƴŘ ¢ǊŀƴǎŦƻǊƳŜǊǎΦ  

CNNs: 



¶ Use convolutional layers to extract features from images. 

¶ Are generally faster and more memory-efficient for object detection and segmentation tasks. 

¶ Work well with smaller datasets and are more interpretable. 

Transformers: 

¶ Originally designed for natural language processing, now adapted for vision tasks. 

¶ Use self-attention mechanisms to process the entire image at once. 

¶ Can capture long-range dependencies in images more effectively. 

¶ Often require larger datasets and more computational resources. 

The trade-offs between these approaches are significant: 

¶ Performance: Transformers can achieve higher accuracy in some tasks but may struggle with 

small objects or fine-grained details where CNNs excel. 

¶ Hardware Requirements: Transformers typically require more memory and computational 

power, eliminating the possibility of their use in a consumer desktop environment for this kind 

of workload. 

¶ Training Data: Transformers often need larger datasets to perform well, while CNNs can achieve 

good results with smaller, more focused datasets. 

¶ Inference Speed: CNNs are generally faster for inference, which is crucial when processing large 

satellite images. 

¶ Flexibility: Transformers are more adaptable to different types of input data and can handle 

variable-sized inputs more naturally. 

Given our project's constraints and objectives - particularly the aim to develop a workflow operable 
on modest hardware - we opted for the CNN-based approaches using R-CNN architectures.  

This choice allowed us to achieve a balance between model performance and hardware efficiency, 
making the technology more accessible to conservation projects with limited resources. These 
approaches also aligned well with our available training data size and the specific nature of our 
segmentation and detection tasks in satellite imagery. 

пΦрΦ ¢ǊŀƛƴƛƴƎ 5ŀǘŀǎŜǘ tǊŜǇŀǊŀǝƻƴ 

The preparation of a high-quality training dataset was crucial for the success of the deep learning 
model. This process involved several key steps and considerations. Image chips measuring 224x224 
pixels (the recommended size for our base architecture).  
 
Once features were fully labelled, a training dataset with a structure tailored to our desired 
ŀǊŎƘƛǘŜŎǘǳǊŜ ǿŀǎ ŎǊŜŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ά9ȄǇƻǊǘ ¢ǊŀƛƴƛƴƎ 5ŀǘŀ ŦƻǊ 5ŜŜǇ [ŜŀǊƴƛƴƎέ ǘƻƻƭ ǿƛǘƘƛƴ !ǊŎDL{ tǊƻΦ 



 
4.5.1. Dataset Scope, Size and Composition 
 

¶ Approximately 7.5% of the total imagery provided was labelled for training. 

¶ This was distributed across 7 sample areas, totalling about 78km² across the three imagery 

tranches. These areas were manually selected for the a high density and diversity in the desired 

classes, as well as having a high level of representation of the various locale types found within 

the target geography. 

¶ The labelling process took over 80 hours to complete, with approximately half conducted by two 

volunteers. 

¶ Partially labelled image chips (where some features were labelled but others were not) were 

found to have a strong negative impact model performance in early tests.  

4.5.2. Feature Classes 

¢ƘŜ ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘ ƛƴŎƭǳŘŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘƛǎǝƴŎǘ ŎƭŀǎǎŜǎΥ 

1. Tree cover 

2. Buildings 

3. Linear land partition features 

4. Fencelines (separated from other partitions in the final version, with visible posts and lack of 

vegetation) 

5. Roads (added in later iterations) 

6. Surface Water (added in the final version) 



7. Clouds (added in the final version) 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŘƛǎǝƴƎǳƛǎƘŜŘ ōŜǘǿŜŜƴ ǘǿƻ ǘȅǇŜǎ ƻŦ ƭƛƴŜŀǊ ƭŀƴŘ ŘƛǾƛǎƛƻƴ ŦŜŀǘǳǊŜǎΥ 

ǇŀǊǝǝƻƴǎ ŀƴŘ ŦŜƴŎŜǎΦ ¢Ƙƛǎ ŘƛǎǝƴŎǝƻƴ ǿŀǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ 

ǇƻǘŜƴǝŀƭ ƛƳǇŀŎǘǎ ƻƴ ǿƛƭŘƭƛŦŜ ƳƻǾŜƳŜƴǘΦ 

tŀǊǝǝƻƴǎ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ǎƻƭƛŘΣ ǾŜƎŜǘŀǘŜŘ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ ǎŜǊǾŜ ŀǎ ōƻǳƴŘŀǊƛŜǎ ōŜǘǿŜŜƴ ŘƛũŜǊŜƴǘ ƭŀƴŘ 

ŀǊŜŀǎΦ YŜȅ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛƴŎƭǳŘŜΥ 

¶ Typically appear as hedges or dense vegetation lines 

¶ Often wider and more visually prominent in satellite imagery 

¶ May include a mix of trees, shrubs, and other plants 

¶ Can provide some habitat and cover for wildlife 

¶ Usually detectable through their continuous, linear vegetation signature 

CŜƴŎŜǎΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀǊŜ ŀǊǝŬŎƛŀƭ ǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ Ǿƛǎǳŀƭ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΥ 

¶ Primarily detected through posts repeating at regular intervals 

¶ Generally thinner and less visually prominent than partitions 

¶ Often lack significant vegetation along their length 

¶ More likely to be electrified, posing a direct threat to wildlife 

¶ Detectable through the pattern of posts and, in some cases, visible wire or netting 

¢ƘŜ ŘƛǎǝƴŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ ǘȅǇŜǎ ƻŦ ŦŜŀǘǳǊŜǎ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ ǎŜǾŜǊŀƭ ǊŜŀǎƻƴǎΥ 

¶ Wildlife impact: Fences, especially when electrified, can pose a more significant barrier to wildlife 

movement compared to vegetated partitions. 

¶ Habitat value: Partitions may offer some habitat value and connectivity for certain species, while 

fences generally do not. 

¶ Detection challenges: The visual differences between partitions and fences necessitated 

different approaches in the AI model for accurate detection and classification. 

¶ Conservation strategies: Understanding the prevalence and distribution of fences versus 

partitions can inform different conservation strategies, such as removal or de-electrification of 

the bottom strands of wire. 

¶ It's worth noting that despite these distinctions, the detection and classification of these features 

posed significant challenges for the AI model, particularly for fences due to their subtle visual 

signature in satellite imagery. This led to the development of a specialized fence detection model 

to improve accuracy in identifying these critical landscape features. 

¶ In many cases, there may be an underlying fence beneath another partition, but the structure 

has been overgrown with vegetation. This creates a hybrid feature that combines characteristics 

of both fences and vegetated partitions, making clear classification difficult. 

пΦрΦоΦ [ŀōŜƭƭƛƴƎ aŜǘƘƻŘƻƭƻƎȅ 



¶ NDVI values were used to assist with the preparation of the training dataset, particularly for 

vegetation-related features. These were then manually altered for quality control. 

¶ Polygons were manually drawn around buildings, clouds, and water features. 

¶ Linear features like land partitions were initially drawn as lines and later converted to polygons 

for more efficient dataset production. All fences were given a buffer of 2m either side. 

¶ For partitions comprised primarily of thick vegetation, a dynamic approach was used to test and 

adjust buffer sizes based on their NDVI values, saving time manually draining polygons around 

each linear feature, but also being sensitive to the anticipated thickness of the feature. 

 

¶ In the final model a 7-class polygon dataset was used alongside the large Merge 3x2x1 .tif file. 

 

 

пΦрΦпΦ 5ŀǘŀ !ǳƎƳŜƴǘŀǝƻƴ 

¢ƘŜ ƳƻŘŜƭ ǘǊŀƛƴŜŘ ƻƴ ¢ǊŀƴŎƘŜ м ǎŀǿ ŀ ƴƻǝŎŜŀōƭŜ ŘǊƻǇ ƛƴ ǇŜǊŦƻǊƳŀƴŎŜ όǇŀǊǝŎǳƭŀǊƭȅ ǿƘŜƴ ŀǇǇƭƛŜŘ ǘƻ 

ǾŜƎŜǘŀǝƻƴύ ǿƘŜƴ ŀǇǇƭƛŜŘ ǘƻ ¢ǊŀƴŎƘŜ нΦ ¢Ƙƛǎ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ŘƛũŜǊŜƴǘ ǎŜŀǎƻƴŀƭ ŎƻƴŘƛǝƻƴǎΦ 

¢ƻ ŜƴƘŀƴŎŜ ǘƘŜ ƳƻŘŜƭϥǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƎŜƴŜǊŀƭƛȊŀǝƻƴ ŎŀǇŀōƛƭƛǝŜǎΣ ǎŜǾŜǊŀƭ Řŀǘŀ ŀǳƎƳŜƴǘŀǝƻƴ 

ǘŜŎƘƴƛǉǳŜǎ ǿŜǊŜ ŜƳǇƭƻȅŜŘΥ 

мулπŘŜƎǊŜŜ Ǌƻǘŀǝƻƴǎ ǿŜǊŜ ǇǊƻŘǳŎŜŘ ǿƛǘƘƛƴ ǘƘŜ ά¢Ǌŀƛƴ 5ŜŜǇ [ŜŀǊƴƛƴƎ aƻŘŜƭέ ǘƻ ƳŀƪŜ ǘƘŜ ƳƻŘŜƭ 

ŀƎƴƻǎǝŎ ǘƻ ƭƛƎƘǝƴƎ κ ǎƘŀŘƻǿ ŎƻƴŘƛǝƻƴǎΦ 

²ƘŜƴ ǘǊŀƛƴƛƴƎ ǘƘŜ ƳƻŘŜƭ ŀŘŘƛǝƻƴŀƭ ŀǳƎƳŜƴǘŀǝƻƴǎ ǿŜǊŜ ŀǇǇƭƛŜŘΦ ²ƛǘƘ ŜŀŎƘ ŎƘƛǇ όƛƴŎƭǳŘƛƴƎ ǘƘŜ мулπ

ŘŜƎǊŜŜ Ǌƻǘŀǝƻƴǎύ ōŜƛƴƎ ǇŀǎǎŜŘ ǘƻ ŀ ŦǳǊǘƘŜǊ ŬǾŜ ŀǳƎƳŜƴǘŀǝƻƴǎ όȊƻƻƳΣ ŎǊƻǇΣ ōǊƛƎƘǘƴŜǎǎΣ ǊƻǘŀǝƻƴΣ 

ǎŀǘǳǊŀǝƻƴ ŀǇǇƭƛŜŘ ŀǘ ǊŀƴŘƻƳ ƭŜǾŜƭǎ ōŜǘǿŜŜƴ ǎŜǘ ǘƘǊŜǎƘƻƭŘǎύΦ ¢Ƙƛǎ ƳŜŀƴǘ ŦƻǊ ŜŀŎƘ ƻǊƛƎƛƴŀƭ ƛƳŀƎŜǊȅ 

ŎƘƛǇΣ ŀƴ ŀŘŘƛǝƻƴŀƭ мм ǾŀǊƛŀǝƻƴǎ ǿŜǊŜ ǘǊŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ƳƻŘŜƭΦ 

¢ƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ ǘǊŀƛƴƛƴƎ Řŀǘŀ ǘŀƪŜƴ ŦǊƻƳ ¢ǊŀƴŎƘŜ нΣ ŀƴŘ ¢ǊŀƴŎƘŜ оΣ ƳŀŘŜ 

ǘƘŜ ƭŀǘŜǊ ƳƻŘŜƭǎ ŘŜǾŜƭƻǇŜŘ ŦŀǊ ƳƻǊŜ Ǌƻōǳǎǘ ǘƻ ƴŜǿ ŀƴŘ ǳƴǎŜŜƴ ŘŀǘŀΦ 

пΦс tŜǊŦƻǊƳŀƴŎŜ 

DŜƴŜǊŀƭƭȅΣ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƻǳǘǇǳǘ ƳƻŘŜƭ ƛǎ ǎǘǊƻƴƎ ŦƻǊ ǘƘŜ ǿƛŘŜǊ ŀǊŜŀΦ {ŜǾŜǊŀƭ ŎƭŀǎǎŜǎ ƘŀŘ 

ǇŜǊŦƻǊƳŀƴŎŜ ǘƘŀǘ ƳŀƪŜǎ ǘƘŜƳ ƘƛƎƘƭȅ ǎǳƛǘŀōƭŜ ŦƻǊ ŀŎŎǳǊŀǘŜ ƳŀǇǇƛƴƎΦ ±ŜƎŜǘŀǝƻƴ ŀƴŘ .ǳƛƭŘƛƴƎǎΣ ŀƴŘ ǘƻ 

ŀ ƭŜǎǎŜǊ ŜȄǘŜƴǘΣ ²ŀǘŜǊ ŀƴŘ wƻŀŘǎΣ ŀƭƭ ǇŜǊŦƻǊƳŜŘ ǿŜƭƭ ŜƴƻǳƎƘ ǘƘŀǘ ǘƘŜ ǊŜǎǳƭǘŀƴǘ ƭŀȅŜǊǎ Ŏŀƴ ōŜ 

ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǊŜŀǎƻƴŀōƭȅ ǊŜƭƛŀōƭŜ ƭŀȅŜǊǎ ƻŦ ǘƘŜ ŀǊŜŀ ŦƻǊ ƳŀǇǇƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎΦ  

tŀǊǝǝƻƴǎ ŀƴŘ CŜƴŎŜƭƛƴŜǎ ŘƛŘ ƴƻǘ ǇŜǊŦƻǊƳ ǘƻ ǘƘŜ ǎŀƳŜ ǎǘŀƴŘŀǊŘΣ ŀƴŘ ǿƘƛƭŜ ǘƘŜ ƳƻŘŜƭ ƛǎ ǳǎŜŦǳƭ ŦƻǊ 

ƘƛƎƘƭƛƎƘǝƴƎ ŀǊŜŀǎ ǿƘŜǊŜ CŜƴŎŜǎ ŀƴŘ hǘƘŜǊ ǇŀǊǝǝƻƴǎ ŀǊŜ ƭƛƪŜƭȅΣ ƛǘ ŘƛŘ ƴƻǘ ǇŜǊŦƻǊƳ ǎǘǊƻƴƎƭȅ ŜƴƻǳƎƘ ǘƻ 



ǇǊƻŘǳŎŜ ŀǳǘƘƻǊƛǘŀǝǾŜ ƳŀǇǇƛƴƎ ƻŦ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎΦ bƻƴŜǘƘŜƭŜǎǎ ƛǘ Ǉƭŀȅǎ ŀ ǳǎŜŦǳƭ ǊƻƭŜ ƛƴ ǘƘŜƛǊ ŘŜǘŜŎǝƻƴ 

ŀƴŘ ƎŜƴŜǊŀƭ ƳŀǇǇƛƴƎ ƻŦ ǘƘŜƛǊ ǇǊŜǾŀƭŜƴŎŜ ŀŎǊƻǎǎ ǘƘŜ ŀǊŜŀ ƛƴ ŀ ǊŀƴƎŜ ƻŦ ƳƻǊŜ ƎŜƴŜǊŀƭ ǾƛǎǳŀƭƛǎŀǝƻƴǎΦ 

¢ƘŜ Ŭƴŀƭ ƳƻŘŜƭΣ ǘǊŀƛƴŜŘ ƻǾŜǊ нл ŜǇƻŎƘǎΣ ŀŎƘƛŜǾŜŘ ŀƴ ŀǾŜǊŀƎŜ ǇǊŜŎƛǎƛƻƴ ƻŦ пп҈ ŀŎǊƻǎǎ ŀƭƭ ŎƭŀǎǎŜǎΦ 

!ƭƭƻǿƛƴƎ ǘƘŜ ƳƻŘŜƭ ǘƻ Ǌǳƴ ŦƻǊ ŀ ŦǳǊǘƘŜǊ мл ŜǇƻŎƘǎ ǿƻǳƭŘ ƭƛƪŜƭȅ ƘŀǾŜ ƳŀǊƎƛƴŀƭƭȅ ƛƳǇǊƻǾŜŘ ǘƘŜ 

ǇŜǊŦƻǊƳŀƴŎŜ ōȅ ŀ ŦǳǊǘƘŜǊ мπо҈ ǇǊŜŎƛǎƛƻƴ ōǳǘ ǘƘƛǎ ŦŜƭƭ ƻǳǘǎƛŘŜ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΦ 

IƻǿŜǾŜǊΣ ƛǘϥǎ ŎǊǳŎƛŀƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ǇǊŜŎƛǎƛƻƴ ƳŜŀƴǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƻōƧŜŎǘ ŘŜǘŜŎǝƻƴ ŀƴŘ Ƙƻǿ 

ƛǘ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ƳƻŘŜƭϥǎ ǇǊŀŎǝŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜΦ  

 

 

пΦсΦм ¦ƴŘŜǊǎǘŀƴŘƛƴƎ tǊŜŎƛǎƛƻƴ ŀƴŘ Lƻ¦ 

Lƴ ƻōƧŜŎǘ ŘŜǘŜŎǝƻƴ ǘŀǎƪǎΣ ǇǊŜŎƛǎƛƻƴ ƛǎ ƛƴǝƳŀǘŜƭȅ ǝŜŘ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ LƴǘŜǊǎŜŎǝƻƴ ƻǾŜǊ ¦ƴƛƻƴ όLƻ¦ύΦ 

Lƻ¦ ƳŜŀǎǳǊŜǎ ǘƘŜ ƻǾŜǊƭŀǇ ōŜǘǿŜŜƴ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ōƻǳƴŘƛƴƎ ōƻȄ ŀƴŘ ǘƘŜ ƎǊƻǳƴŘ ǘǊǳǘƘ ōƻǳƴŘƛƴƎ ōƻȄΦ 

tǊŜŎƛǎƛƻƴΣ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ƛǎƴϥǘ ǎƛƳǇƭȅ ŀōƻǳǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƻǊǊŜŎǘ ŘŜǘŜŎǝƻƴǎΣ ōǳǘ ǊŀǘƘŜǊ Ƙƻǿ 

ŀŎŎǳǊŀǘŜƭȅ ǘƘŜ ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ŀŎǘǳŀƭ ŦŜŀǘǳǊŜ ƎŜƻƳŜǘǊƛŜǎΦ 

Lƻ¦ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎΥ 

Lƻ¦ Ґ !ǊŜŀ ƻŦ hǾŜǊƭŀǇ κ !ǊŜŀ ƻŦ ¦ƴƛƻƴ 

! ƘƛƎƘŜǊ Lƻ¦ ƛƴŘƛŎŀǘŜǎ ŀ ōŜǧŜǊ ƳŀǘŎƘ ōŜǘǿŜŜƴ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ŀƴŘ ŀŎǘǳŀƭ ƻōƧŜŎǘ ōƻǳƴŘŀǊƛŜǎΦ ¢ȅǇƛŎŀƭƭȅΣ 

ŀ ŘŜǘŜŎǝƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ϦŎƻǊǊŜŎǘϦ ƛŦ ƛǘǎ Lƻ¦ ŜȄŎŜŜŘǎ ŀ ŎŜǊǘŀƛƴ ǘƘǊŜǎƘƻƭŘ όƻƊŜƴ лΦрΣ ōǳǘ ǘƘƛǎ Ŏŀƴ ǾŀǊȅύΦ 

пΦсΦн /ƭŀǎǎπ{ǇŜŎƛŬŎ tŜǊŦƻǊƳŀƴŎŜ 

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŜŀŎƘ ŎƭŀǎǎΣ ǿƛǘƘƛƴ ǘƘŜ тπŎƭŀǎǎ ƎŜƴŜǊŀƭ ƳƻŘŜƭ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ 

мΦ ±ŜƎŜǘŀǝƻƴΥ рлΦт҈ 

нΦ .ǳƛƭŘƛƴƎǎΥ тмΦс҈ 

оΦ tŀǊǝǝƻƴǎΥ мс҈ 

пΦ CŜƴŎŜƭƛƴŜǎΥ п҈ 

рΦ wƻŀŘǎΥ нт҈ 

сΦ ²ŀǘŜǊ .ƻŘƛŜǎΥ ноΦо҈ 

тΦ /ƭƻǳŘǎΥ ррΦу҈ 
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¢ƘŜ ŘŜŘƛŎŀǘŜŘ ŦŜƴŎŜ ŘŜǘŜŎǝƻƴ ƳƻŘŜƭ ǇŜǊŦƻǊƳŜŘ ŀǘ мс҈Σ ǿƘƛŎƘ ǿƛƭƭ ōŜ ŦǳǊǘƘŜǊ ƛƳǇǊƻǾŜŘ ǳǇƻƴ ŦǳǊǘƘŜǊ 

ƛƴ ŀ ǎǳōǎŜǉǳŜƴǘ ƛǘŜǊŀǝƻƴΣ ǳǝƭƛǎƛƴƎ ǘƘŜ ƴŜǿƭȅ ŘŜǘŜŎǘŜŘ ŦŜƴŎŜǎ ŀǎ ŀŘŘƛǝƻƴŀƭ ǘǊŀƛƴƛƴƎ ŘŀǘŀΦ 

пΦсΦоΦ LƴǘŜǊǇǊŜǝƴƎ tŜǊŦƻǊƳŀƴŎŜ 

Lǘϥǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ǎŜŜƳƛƴƎƭȅ ƭƻǿ ǇǊŜŎƛǎƛƻƴ ŦƻǊ ǎƻƳŜ ŦŜŀǘǳǊŜǎ ŘƻŜǎƴϥǘ ŀƭǿŀȅǎ ƛƴŘƛŎŀǘŜ ǇƻƻǊ 

ŘŜǘŜŎǝƻƴΦ Lƴ ǊŜŀƭƛǘȅΣ ŦŜƴŎŜƭƛƴŜǎ ŀǊŜ ǾŜǊȅ ǘƘƛƴΣ ƭƛƴŜŀǊ ŦŜŀǘǳǊŜǎΦ CƻǊ ǇǊŀŎǝŎŀƭ ŘŜǘŜŎǝƻƴ ǇǳǊǇƻǎŜǎΣ ƭŀǊƎŜǊ 

ōǳũŜǊ ȊƻƴŜǎ ǿŜǊŜ ǳǎŜŘ ŀǊƻǳƴŘ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎ ŀƭƭƻǿ ƴŜŀǊōȅ ŎƻƴǘŜȄǘǳŀƭ ƛƴŦƻǊƳŀǝƻƴ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜƛǊ 

ŘŜǘŜŎǝƻƴΦ ²ƘƛƭŜ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǎǳŎŎŜǎǎŦǳƭƭȅ ōǊƛƴƎǎ ŦŜƴŎŜƭƛƴŜǎ ǘƻ ƻǳǊ ŀǧŜƴǝƻƴΣ ƛǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇŀŎǘǎ 

ǘƘŜ ǇǊŜŎƛǎƛƻƴ ǎŎƻǊŜ ŘǳŜ ǘƻ ǘƘŜ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ǘƘŜ ƻǾŜǊǎƛȊŜŘ ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎ ŀƴŘ ǘƘŜ ŀŎǘǳŀƭ ǘƘƛƴ 

ŦŜŀǘǳǊŜǎΦ 

¢Ƙƛǎ ǎŎŜƴŀǊƛƻ ǳƴŘŜǊǎŎƻǊŜǎ ŀ ƪŜȅ ǇƻƛƴǘΥ ǘƘŜ ǇǊŜŎƛǎƛƻƴ ǎŎƻǊŜΣ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ Lƻ¦Σ Ƴŀȅ ƴƻǘ ŀƭǿŀȅǎ 

ǊŜƅŜŎǘ ǘƘŜ ǇǊŀŎǝŎŀƭ ǳǝƭƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭ ŦƻǊ ŎŜǊǘŀƛƴ ŦŜŀǘǳǊŜ ǘȅǇŜǎΦ Lƴ ƻǳǊ ǳǎŜ ŎŀǎŜΣ ŘŜǘŜŎǝƴƎ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ŀƴŘ ƭƻŎŀǝƻƴ ƻŦ ŦŜƴŎŜƭƛƴŜǎ ƛǎ ǎǳŶŎƛŜƴǘΣ ŜǾŜƴ ƛŦ ǘƘŜ ǇǊŜŎƛǎŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǊŜǎǳƭǘŀƴǘ 

ǇƻƭȅƎƻƴǎ Řƻƴϥǘ ǇŜǊŦŜŎǘƭȅ ƳŀǘŎƘ ǘƘŜ ǇƘȅǎƛŎŀƭ ŦƻƻǘǇǊƛƴǘ ƻŦ ǘƘŜ ŦŜƴŎŜƭƛƴŜ ŀŎǊƻǎǎ ƛǘǎ ǘƘƛŎƪƴŜǎǎΦ 

bƻƴŜǘƘŜƭŜǎǎ ŀ ǎŎƻǊŜ ƻŦ п҈ ŦƻǊ ŦŜƴŎŜƭƛƴŜǎ ŦŜƭƭ ǎƛƎƴƛŬŎŀƴǘƭȅ ōŜƭƻǿ ǿƘŀǘ ǿŀǎ ƘƻǇŜŘ ŀƴŘ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎ 

ǿŜǊŜ ǊŜǘǊŀƛƴŜŘ ŦƻǊ ол ŎȅŎƭŜǎ ƛƴ ŀ ŘŜŘƛŎŀǘŜŘ ƳƻŘŜƭ ǿƛǘƘ ŬƴŜπǘǳƴŜŘ ŀǳƎƳŜƴǘŀǝƻƴ ǇŀǊŀƳŜǘŜǊǎΦ !ƴ 

ŜȄǇŀƴŘŜŘ ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘ ǿƛǘƘ срΣллл ŦŜƴŎŜ ƛƳŀƎŜ ŎƘƛǇǎ ǿŀǎ ǳǎŜŘΦ ¢Ƙƛǎ ƛƳǇǊƻǾŜŘ ǘƘŜ ǇǊŜŎƛǎƛƻƴ ǎŎƻǊŜ 

ŦǊƻƳ п҈ ǘƻ мс҈Φ ²Ƙƛƭǎǘ ǘƘƛǎ ǇŜǊŦƻǊƳŀƴŎŜ ƳŀƪŜǎ ǘƘŜ ƳƻŘŜƭ ƳǳŎƘ ƳƻǊŜ ǳǎŜŦǳƭ ŦƻǊ ŘŜǘŜŎǝƻƴΣ ǘƘŜ 

ǇŜǊŦƻǊƳŀƴŎŜ ǎǝƭƭ Ŧŀƭƭǎ ǎƘƻǊǘ ƻŦ ŀ ŘŜŬƴƛǝǾŜ ƳŀǇǇƛƴƎ ǎƻƭǳǝƻƴΣ ǇŀǊǝŎǳƭŀǊƭȅ ŘǳŜ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎƳŀƭƭ 

ǘǊŀŎƪǎ ŦǊŜǉǳŜƴǘƭȅ ǘǊƛƎƎŜǊƛƴƎ ŦŀƭǎŜ ǇƻǎƛǝǾŜǎΦ 

¢Ƙƛǎ ŎƻǳƭŘ ǇƻǘŜƴǝŀƭƭȅ ōŜ ƻũǎŜǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ōȅ ǳǎƛƴƎ ŀ ƘƛƎƘŜǊ ƴǳƳōŜǊ ƻŦ ƴŜƎŀǝǾŜ ǎŀƳǇƭŜǎ ŘǳǊƛƴƎ 

ǘǊŀƛƴƛƴƎΣ ŜȄǇƻǎƛƴƎ ǘƘŜ ƳƻŘŜƭ ǘƻ ŀ ƎǊŜŀǘŜǊ ǊŀƴƎŜ ƻŦ ƛƳŀƎŜǎ ǘƘŀǘ Řƻ ƴƻǘ Ŏƻƴǘŀƛƴ ŦŜƴŎƛƴƎ ōǳǘ Řƻ Ŏƻƴǘŀƛƴ 

Ǿƛǎǳŀƭƭȅ ǎƛƳƛƭŀǊ ƻōƧŜŎǘǎΦ 

 

 

/ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ wŀǿ LƳŀƎŜǊȅ ŀƴŘ {ǳŎŎŜǎǎƛǾŜ CŜƴŎŜπ5ŜǘŜŎǝƻƴ aƻŘŜƭǎ 

   
aŀƴǳŀƭƭȅ 5Ǌŀǿƴ CŜƴŎŜǎ DŜƴŜǊŀƭ aƻŘŜƭ όп҈ ǇǊŜŎƛǎƛƻƴύ 5ŜŘƛŎŀǘŜŘ aƻŘŜƭ όмс҈ ǇǊŜŎƛǎƛƻƴύ 

 

пΦсΦоΦ tǊŀŎǝŎŀƭ LƳǇƭƛŎŀǝƻƴǎ 

²ƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƻǾŜǊŀƭƭ ǇǊŜŎƛǎƛƻƴ ƻŦ пп҈Σ ƛǘϥǎ ŜǎǎŜƴǝŀƭ ǘƻ ŎƻƴǎƛŘŜǊΥ 



¶ ¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǊȅ ŀƴŀƭȅǎƛǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ǿƛǘƘ ǘƘŜ ŦŜŀǘǳǊŜ ǘȅǇŜǎ ŎƘƻǎŜƴ 

¶ ±ƛǎǳŀƭ ǎƛƳƛƭŀǊƛǘȅ ōŜǘǿŜŜƴ ƭƛƴŜŀǊ ŦŜŀǘǳǊŜ ǘȅǇŜǎ 

¶ ¢ƘŜ ǎǇŜŎƛŬŎ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ƻǳǊ ǳǎŜ ŎŀǎŜ 

¶ ¢ƻǇ ǇŜǊŦƻǊƳƛƴƎ w/bb ƳƻŘŜƭǎ ǇƭŀŎŜŘ ǿƛǘƘƛƴ ǘƘŜ ол ς рр҈ ǇǊŜŎƛǎƛƻƴ ǊŀƴƎŜ ŀƎŀƛƴǎǘ ǘƘŜ /h/h 

ōŜƴŎƘƳŀǊƪƛƴƎ ŘŀǘŀǎŜǘΦ 59¢w aƻŘŜƭǎΣ ǳǎƛƴƎ ǘǊŀƴǎŦƻǊƳŜǊǎΣ ǇŜǊŦƻǊƳŜŘ ŀǎ ƘƛƎƘ ŀǎ ссΣ ōǳǘ ǿŜǊŜ 

ŎƻƴǎƛŘŜǊŜŘ ƛƳǇǊŀŎǝŎŀƭ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅ ŘǳŜ ǘƻ ǘƘŜƛǊ ŎƻƳǇǳǘŀǝƻƴŀƭ Ŏƻǎǘ1Φ 

¢ƘŜ ƳƻŘŜƭϥǎ ǎǘǊƻƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ŘŜǘŜŎǝƴƎ ōǳƛƭŘƛƴƎǎ όтмΦс҈ ǇǊŜŎƛǎƛƻƴύ ŀƴŘ ǾŜƎŜǘŀǝƻƴ όрлΦт҈ 

ǇǊŜŎƛǎƛƻƴύ ǎǳƎƎŜǎǘǎ ƛǘϥǎ ǇŀǊǝŎǳƭŀǊƭȅ ŜũŜŎǝǾŜ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ŘŜŬƴƛǝǾŜ ŦƻƻǘǇǊƛƴǘǎ ƻŦ ǘƘŜǎŜ ƭŀǊƎŜǊΣ ƳƻǊŜ 

ŘƛǎǝƴŎǘ ŦŜŀǘǳǊŜǎΦ 

CƻǊ ƭƛƴŜŀǊ ŦŜŀǘǳǊŜǎ ƭƛƪŜ ǊƻŀŘǎ όнт҈ ǇǊŜŎƛǎƛƻƴύ ŀƴŘ ŦŜƴŎŜƭƛƴŜǎ όп҈ ǇǊŜŎƛǎƛƻƴύΣ ǘƘŜ ƭƻǿŜǊ ǎŎƻǊŜǎ ƭƛƪŜƭȅ 

ǊŜƅŜŎǘ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǇǊŜŎƛǎŜƭȅ ŘŜƭƛƴŜŀǝƴƎ ǘƘŜǎŜ ƴŀǊǊƻǿ ƻōƧŜŎǘǎ ǊŀǘƘŜǊ ǘƘŀƴ ŀ ŦŀƛƭǳǊŜ ǘƻ ŘŜǘŜŎǘ 

ǘƘŜƳΦ 

Lƴ ǇǊŀŎǝŎŜΣ ǘƘŜ ƳƻŘŜƭϥǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀǘ ŀ ƭƻǿ ŎƻƴŬŘŜƴŎŜ ǘƘǊŜǎƘƻƭŘ Ƙŀǎ ōŜŜƴ ƻōǎŜǊǾŜŘ ǘƻ ōŜ ǾŜǊȅ 

ƎƻƻŘΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ƛǘϥǎ ŜũŜŎǝǾŜƭȅ ƛŘŜƴǝŦȅƛƴƎ ŦŜŀǘǳǊŜǎ ƻŦ ƛƴǘŜǊŜǎǘΣ ŜǾŜƴ ƛŦ ǘƘŜ ŜȄŀŎǘ ōƻǳƴŘŀǊƛŜǎ ŀǊŜƴϥǘ 

ǇŜǊŦŜŎǘƭȅ ŀƭƛƎƴŜŘΦ 

¢Ƙƛǎ ŘƛǎŎǊŜǇŀƴŎȅ ōŜǘǿŜŜƴ ƴǳƳŜǊƛŎŀƭ ǇǊŜŎƛǎƛƻƴ ŀƴŘ ǇǊŀŎǝŎŀƭ ǳǝƭƛǘȅ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

ŎƻƴǎƛŘŜǊƛƴƎ ŘƻƳŀƛƴπǎǇŜŎƛŬŎ ŜǾŀƭǳŀǝƻƴ ŎǊƛǘŜǊƛŀ ŀƴŘ ǘƘŜ ŜƴŘπǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿƘŜƴ ŀǎǎŜǎǎƛƴƎ ƳƻŘŜƭ 

ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ǎǇŜŎƛŀƭƛȊŜŘ ŀǇǇƭƛŎŀǝƻƴǎ ƭƛƪŜ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǊȅ ŀƴŀƭȅǎƛǎΦ 

 
 
 
 
 
 
 
4.6. Limitations 
 
пΦсΦмΦ CŜŀǘǳǊŜ 5ŜǘŜŎǝƻƴ /ƘŀƭƭŜƴƎŜǎ 

¶ Reliable detection of lightweight fence line structures proved difficult, necessitating a broader 

approach to detecting linear partitions. This may have led to some inaccuracies in identifying 

specific types of land partitions. Overall the model detections of fences cannot be relied on to 

provide definitive mapping of features, but are useful for providing a more generalised risk map 

for detections. 

¶ The high degree of variation in fencing structures and the incorporation of vegetation in 

partitions complicated the classification process, potentially leading to misclassifications or 

missed detections.  

¶ In many cases many features were detected as a mixture of both hedge partitions and fencelines 

(visible posts, no vegetation). 

¶ In the case of linear shapes, the output polygons are usually significantly larger than the shape 

itself. Where two partitions run in parallel (e.g. either side of a small road) they frequently 

 
1 https://paperswithcode.com/task/object-detection 



overlap, making calculations such as total fence length impossible to definitively calculate. In 

future testing with various buffer sizes would be highly desirable to determine an optimum 

buffer size. 

¶ In some cases, very small tracks and boundaries between neighbouring fields were erroneously 

classified as linear partitions. Harsh earth banks to the sides of larger roads also were frequently 

misclassified. Generally, performance with a high confidence threshold (e.g. 50%) resulted in lots 

of missing linear detections and inference with a low confidence threshold (e.g. 25%) resulted in 

a large number of false positives, mostly from tracks and road edges. 

9ȄŀƳǇƭŜ ƻŦ 9ǊǊƻƴŜƻǳǎ CŜƴŎŜ 5ŜǘŜŎǝƻƴǎ 

 
 

¶ In some cases, the output correctly detected a feature but the mapping of the polygon to the 

features boundaries was coarse, requiring additional post-processing and manual review.  
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пΦсΦнΦ 5ŀǘŀ [ƛƳƛǘŀǝƻƴǎ 

¶ The imagery tranches were taken under different seasonal conditions, which initially posed 

challenges for model generalization across different vegetation states. This could affect the 

accuracy of vegetation-related classifications across seasons. 

¶ The training dataset, while comprehensive, only covered about 7.5% of the total imagery 

provided and covers a very specific geography. This limited sample size may restrict the model's 

performance in areas with significantly different characteristics from the training data. Future 

tests will apply the same model to imagery of the greater Mara landscape to tests its applicability 

in neighbouring areas. 

¶ The project provides a snapshot of the landscape at specific points in time. Without regular 

updates to the imagery and model, the analysis may quickly become outdated in rapidly changing 

environments like Nyakweri Forest. 

¶ Only a few areas overlapped between Tranche 1, 2, and 3, preventing a comprehensive change 

analysis being conducted over the whole area without additional imagery at a later date. 

пΦсΦоΦ tǊŀŎǝŎŀƭƛǘȅ [ƛƳƛǘŀǝƻƴǎ 

¶ The raw output cannot be relied upon as a definitive map without further processing and 

interpretation. Whilst vegetations and buildings are provided with a high degree of confidence, 

linear features, particularly fence lines proved challenging to reliably detect. 

¶ While the model can detect physical features, it may not directly translate to habitat suitability 

for species like the Giant Pangolin without additional contextualisation and analysis. 

¶ Confidence levels vary across detected objects. A more nuanced visualization could be created 

calculating probability mass (as a function of polygon area x confidence and then aggregating 

these values within binned geographic areas. 

¶ Without ground-truthing and validation, there is potential for false positives or negatives in the 

feature detection, which could impact conservation decision-making if not properly accounted 

for. 

¶ The output should be considered a tool to guide further investigation and field work, rather than 

a standalone product for making definitive conservation decisions. 

пΦтΦ hǇǝƳŀƭ /ƻƴŬŘŜƴŎŜ ¢ƘǊŜǎƘƻƭŘǎ 



²Ƙƛƭǎǘ ŘŜǘŜŎǝƴƎ ƻōƧŜŎǘǎ ŀǘ ŀ ƭƻǿ ǘƘǊŜǎƘƻƭŘ ǿŀǎ ŘŜǎƛǊŀōƭŜ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ōŀǎŜƭƛƴŜ ŦŜŀǘǳǊŜ ǎŜǘΣ 

ǎǳōǎŜǉǳŜƴǘ ŀƴŀƭȅǎƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ŦǳǊǘƘŜǊ ǊŜŬƴŜƳŜƴǘ ŀōƻǾŜ ǘƘŜǎŜ ǘƘǊŜǎƘƻƭŘǎ ƛǎ ŘŜǎƛǊŀōƭŜ ŦƻǊ ŀ 

ƘƛƎƘπǉǳŀƭƛǘȅ ŦŜŀǘǳǊŜ ƻǳǘǇǳǘΦ ²Ƙƛƭǎǘ ǘƘŜǎŜ ǘƘǊŜǎƘƻƭŘǎ ǿŜǊŜ ƴƻǘ ŀǇǇƭƛŜŘ ǿƛǘƘƛƴ ƻǳǊ ŀƴŀƭȅǎƛǎ ŦƻǊ 

ŎƻƴǎƛǎǘŜƴǘƭȅΣ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ŀǇǇƭƛŜŘ ǘƻ ƻǳǘǇǳǘ ŦŜŀǘǳǊŜ ŘŀǘŀǎŜǘǎ ǘƘŀǘ ǿƛƭƭ ōŜ ǎƘŀǊŜŘ ŦƻǊ ƳŀǇǇƛƴƎ 

ǇǳǊǇƻǎŜǎΦ ¢ƘŜ ƻǇǝƳŀƭ ǘƘǊŜǎƘƻƭŘǎ ŀōƻǾŜ ǿƘƛŎƘ ŦŜŀǘǳǊŜǎ ŀǊŜ ǊŜǘŀƛƴŜŘ ŦƻǊ ƳŀǇǇƛƴƎ ŦƻǊ ŜŀŎƘ Ŏƭŀǎǎ ƛǎ ŀǎ 

ŦƻƭƭƻǿǎΥ 

мΦ ±ŜƎŜǘŀǝƻƴΥ ср҈ 

нΦ .ǳƛƭŘƛƴƎǎΥ пр҈ 

оΦ tŀǊǝǝƻƴǎΥ рр҈ 

пΦ CŜƴŎŜƭƛƴŜǎΥ нн҈ 

рΦ wƻŀŘǎΥ сл҈ 

сΦ ²ŀǘŜǊ .ƻŘƛŜǎΥ рл҈ 

тΦ /ƭƻǳŘǎΥ ур҈ 

пΦуΦ tƻǎǘπtǊƻŎŜǎǎƛƴƎΦ 

!ǎ ǎǘŀƴŘŀǊŘ ŀƭƭ ŦŜŀǘǳǊŜǎ ǳƴŘŜǊ рƳн ǿŜǊŜ ŘŜƭŜǘŜŘ ǘƻ ŜƭƛƳƛƴŀǘŜ ǾŜǊȅ ǎƳŀƭƭ ǎǘŀƴŘŀƭƻƴŜ ǘǊŜŜǎ ŀƴŘ ǎƳŀƭƭ 

ŦŜƴŎŜ ŀƴŘ ǊƻŀŘ ƳƛǎŘŜǘŜŎǝƻƴǎ 

.ǳƛƭŘƛƴƎǎ ǿŜǊŜ ǊŜƎǳƭŀǊƛǎŜŘ ǘƻ ŦƻǊƳ ƳƻǊŜ ŎƻƘŜǊŜƴǘ ǎƘŀǇŜǎ ŀǊƻǳƴŘ ǘƘŜ ǘŀǊƎŜǘ ŦŜŀǘǳǊŜǎΦ ¢ƘŜ ǊŜǎǳƭǘ ƛǎ 

ƴƻǘ ǇŜǊŦŜŎǘΣ ǇŀǊǝŎǳƭŀǊƭȅ ǿƛǘƘ ŎƻƳǇƭŜȄ ǎƘŀǇŜǎΣ ōǳǘ ƛǎ ŀ ƴƻǝŎŜŀōƭŜ ƛƳǇǊƻǾŜƳŜƴǘ ǳǇƻƴ ǘƘŜ ƻǊƛƎƛƴŀƭ 

ƎŜƻƳŜǘǊȅΦ 

.ǳƛƭŘƛƴƎ wŜƎǳƭŀǊƛȊŀǝƻƴ 

  
.ŜŦƻǊŜ wŜƎǳƭŀǊƛǎŀǝƻƴ !ƊŜǊ wŜƎǳƭŀǊƛǎŀǝƻƴ 

 

! ǇǊƻŎŜǎǎ ŀƭǎƻ ǿŀǎ ŘŜǊƛǾŜŘ ǘƻ ŎƻƴǾŜǊǘ ǘƘŜ ƭƛƴŜŀǊ ŦŜŀǘǳǊŜ ǇƻƭȅƎƻƴǎ ǘƻ ƭƛƴŜ ŦŜŀǘǳǊŜǎΦ 

¶ Polygons were generalised to capture their general direction and remove irregularities 



¶ The Collapse Hydro polygons tool was run to capture centrelines 

¶ Very short segments were deleted to improve output 

9ȄŀƳǇƭŜ hǳǘǇǳǘ ƻŦ [ƛƴŜŀǊ CŜŀǘǳǊŜǎ 

  
wŀǿ LƳŀƎŜǊȅ 5ŜǘŜŎǘŜŘ tŀǊǝǝƻƴǎ ό¸Ŝƭƭƻǿύ ŀƴŘ όwŜŘύ 

 

пΦфΦ 5ƛǎǎƻƭǾŜŘ CŜŀǘǳǊŜǎ ǿƛǘƘ wŜǘŀƛƴŜŘ /ƻƴŬŘŜƴŎŜ 

aŀƴȅ ƻǳǘǇǳǘ ŦŜŀǘǳǊŜǎ ŀǊŜ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ ннпȄннп ǇƛȄŜƭ ǇǊƻŎŜǎǎƛƴƎ ǎƛȊŜ ƘƻǿŜǾŜǊ ǘƘŜ ƳƻŘŜƭ ǇǊƻŘǳŎŜŘ 

ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎ ƴƻ ƭŀǊƎŜǊ ǘƘŀƴ ннпȄннп ǇƛȄŜƭǎ ƛƴ ǎƛȊŜΦ ¢Ƙƛǎ ƭŜƊ Ƴŀƴȅ ƭŀǊƎŜǊ ƻōƧŜŎǘǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ŀ 

ƴǳƳōŜǊ ƻŦ ŎƻƴǎǝǘǳŜƴǘ ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎΦ Lƴ ƻǊŘŜǊ ǘƻ ǎƳƻƻǘƘ ƻǳǘǇǳǘΣ ŀ ŘŜƎǊŜŜ ƻŦ ƻǾŜǊƭŀǇ ǿŀǎ 

ƳŀƛƴǘŀƛƴŜŘΦ  

/ƻƳǇŀǊƛǎƻƴ .ŜǘǿŜŜƴ wŀǿ hǳǘǇǳǘ ŀƴŘ 5ƛǎǎƻƭǾŜŘ CŜŀǘǳǊŜǎ 

  
wŀǿ hǳǘǇǳǘ CŜŀǘǳǊŜǎ 5ƛǎǎƻƭǾŜŘ CŜŀǘǳǊŜǎ 

 

IƻǿŜǾŜǊΣ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ŎƭŜŀƴ ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎ ƻŦ ǘƘŜ ŦŜŀǘǳǊŜ ŎƭŀǎǎŜǎΣ ƻōƧŜŎǘǎ ǿŜǊŜ ŘƛǎǎƻƭǾŜŘ ōȅ 

Ŏƭŀǎǎ ǎƻ ƻǾŜǊƭŀǇǇƛƴƎ ŦŜŀǘǳǊŜǎ ŦƻǊƳŜŘ ƻƴŜ ŦŜŀǘǳǊŜ ŎƭŀǎǎΦ ! {ǳƳƳŀǊƛȊŜ ²ƛǘƘƛƴ ǇǊƻŎŜǎǎ ǿŀǎ ǘƘŜƴ ŀǇǇƭƛŜŘ 



ŀŎǊƻǎǎ ǘƘŜ ŘƛǎǎƻƭǾŜŘ ŦŜŀǘǳǊŜǎ ŀƴŘ ǘƘŜ ŎƻƴǎǝǘǳŜƴǘ ŦŜŀǘǳǊŜǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ƳŜŀƴ ŎƻƴŬŘŜƴŎŜ ƻŦ ǘƘŜ 

ŎƻƴǎǝǘǳŜƴǘ ǇƻƭȅƎƻƴǎΦ ¢Ƙƛǎ ǿŀǎ ǿŜƛƎƘǘŜŘ ōȅ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ ǘƘŜ ǎǳƳƳŀǊƛȊŜŘ ŎƻƴǎǝǘǳŜƴǘ ƭŀȅŜǊ 

ǿƛǘƘƛƴ ǘƘŜ ŘƛǎǎƻƭǾŜŘ ǇƻƭȅƎƻƴǎ ŀƴŘ ƎǊƻǳǇŜŘ ōȅ ŎƭŀǎǎΦ 

пΦмлΦ ¢Ŝǎǘ ¢ƛƳŜ !ǳƎƳŜƴǘŀǝƻƴ ό¢¢!ύ 

¢Ŝǎǘ ¢ƛƳŜ !ǳƎƳŜƴǘŀǝƻƴ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǳǎŜŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ŀƴŘ ǊƻōǳǎǘƴŜǎǎ ƻŦ ƳƻŘŜƭ 

ǇǊŜŘƛŎǝƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ƛƴŦŜǊŜƴŎŜ ǇƘŀǎŜΦ 

¶ Image Transformations: The input image was subjected to multiple transformations flip and 

rotate transformations. 

¶ Multiple Inferences: The model was run on each transformed version of the image. 

¶ Aggregation: The results from all transformations were combined, taking the mean shape and 

confidence of the outputs. 

¶ Thresholding: Outputs falling below the process confidence threshold (set at 50% for the PCA) 

were discarded. 

Lƴ ƻǳǊ bȅŀƪǿŜǊƛ CƻǊŜǎǘ ŀƴŀƭȅǎƛǎΣ ¢¢! ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƻ ǊŜŬƴŜ ǘƘŜ ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎ ŦƻǊ ǎŜǾŜǊŀƭ ƪŜȅ 

ŎƭŀǎǎŜǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ǘƘŜ tǊƛƻǊƛǘȅ /ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ όt/!ύΦ 

¢¢! ǊŜǎǳƭǘŜŘ ƛƴ ǎƳƻƻǘƘŜǊΣ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǇƻƭȅƎƻƴ ōƻǳƴŘŀǊƛŜǎ ŦƻǊ ŘŜǘŜŎǘŜŘ ŦŜŀǘǳǊŜǎ ŀƴŘ ƘŜƭǇŜŘ 

ŜƭƛƳƛƴŀǘŜ Ƴŀƴȅ ǎǇǳǊƛƻǳǎ ŘŜǘŜŎǝƻƴǎΦ ¢Ƙƛǎ ƘŀŘ ŀ ŘǊŀƳŀǝŎ ŜũŜŎǘ ƻƴ ǊŜŘǳŎƛƴƎ ƻōƧŜŎǘ άǎǇǊŀǿƭέ ŀǘ ƭƻǿŜǊ 

ŎƻƴŬŘŜƴŎŜ ǘƘǊŜǎƘƻƭŘǎΦ ¢¢! ǿŀǎ ǇŀǊǝŎǳƭŀǊƭȅ ōŜƴŜŬŎƛŀƭ ŦƻǊ ŎƭŀǎǎŜǎ ǿƛǘƘ ŎƻƳǇƭŜȄ ǎƘŀǇŜǎ ƻǊ ƘƛƎƘ 

ǾŀǊƛŀōƛƭƛǘȅΣ ǎǳŎƘ ŀǎ ǾŜƎŜǘŀǝƻƴ ōƻǳƴŘŀǊƛŜǎ ŀƴŘ ƭƛƴŜŀǊ ŦŜŀǘǳǊŜǎΦ ²ƘƛƭŜ ¢¢! ƛƳǇǊƻǾŜŘ ƻǾŜǊŀƭƭ ǉǳŀƭƛǘȅΣ ƛǘ 

ǎƻƳŜǝƳŜǎ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƭƻǎǎ ƻŦ ǎƳŀƭƭŜǊ ƻǊ ƭŜǎǎ ŎƻƴŬŘŜƴǘƭȅ ŘŜǘŜŎǘŜŘ ŦŜŀǘǳǊŜǎΦ 

Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ¢¢! ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǇǊƻŎŜǎǎƛƴƎ ǝƳŜΣ ƳŀƪƛƴƎ ƛǘ ƛƳǇǊŀŎǝŎŀƭ ǘƻ ŀǇǇƭȅ ǘƻ 

ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ŀǊŜŀ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘϥǎ ǎŎƻǇŜΦ ¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƛƳǇŀŎǘ ƻŦ ¢¢! ƛƴŎǊŜŀǎŜǎ 

ŜȄǇƻƴŜƴǝŀƭƭȅ ŀǘ ƭƻǿŜǊ ŎƻƴŬŘŜƴŎŜ ǘƘǊŜǎƘƻƭŘΦ 

5ǳŜ ǘƻ ǘƘŜǎŜ ŎƻƳǇǳǘŀǝƻƴŀƭ ŎƻƴǎǘǊŀƛƴǘǎΣ ¢¢! ǿŀǎ ǇǊƛƳŀǊƛƭȅ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ мол ƪƳн tǊƛƻǊƛǘȅ 

/ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ ŀƴŘ Ǌǳƴ ǿƛǘƘ ŀ рл҈ ŎƻƴŬŘŜƴŎŜ ǘƘǊŜǎƘƻƭŘΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ǘƘŜ нр҈ ŎƻƴŬŘŜƴŎŜ 

ǘƘǊŜǎƘƻƭŘ ŜƳǇƭƻȅŜŘ ŀŎǊƻǎǎ ǘƘŜ ŜƴǝǊŜ млмуƪƳн ǎǘǳŘȅ ŀǊŜŀ ǿƛǘƘƻǳǘ ¢¢!Φ  

¢ƘŜ Ƴƻǎǘ ŜũŜŎǝǾŜ ǳǎŜ ƻŦ ¢¢! ƘƻǿŜǾŜǊΣ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǘƻ Ǌǳƴ ƛƴŦŜǊŜƴŎŜ ŀǘ ŀ ƭƻǿ ŎƻƴŬŘŜƴŎŜ 

ǘƘǊŜǎƘƻƭŘΣ ǎǳŎƘ ŀǎ мр҈ ŀƴŘ ǘƘŜƴ ŘŜƭŜǘŜ ƻǳǘǇǳǘ ǇƻƭȅƎƻƴǎ ōŜƭƻǿ Ŏƭŀǎǎ ǎǇŜŎƛŬŎ ǘƘǊŜǎƘƻƭŘǎ ǇǊƛƻǊ ǘƻ 

ǊǳƴƴƛƴƎ ǘƘŜ ŘƛǎǎƻƭǾŜ ŀƴŘ ǎǳƳƳŀǊȅ ǇǊƻŎŜǎǎΦ 

/ƻƳǇŀǊƛǎƻƴ ƻŦ hǳǘǇǳǘ ǳǎƛƴƎ ¢¢! 



  
²ƛǘƘƻǳǘ ¢¢! ²ƛǘƘ ¢¢! 

9ȄŀƳǇƭŜ hǳǘǇǳǘ ¦ǎƛƴƎ ¢¢! 

  
wŀǿ LƳŀƎŜǊȅ 5ŜǘŜŎǝƻƴ ƻŦ ²ƛǊŜ CŜƴŎŜ ǳǎƛƴƎ ¢¢! 

 

  



 

ZÙıÙĖÀçíĀç M ÀĀÓ vÙÿĆġÙ zÙĀĚíĀç æĆĖ -ĆĀĚÙĖıÀġíĆĀ 

sÀĖġ ʶˊ ĀÀúĴĚíĚ Ćæ 2ÀġÀ 

wǳŀǊƛ .ǊŀŘōǳǊƴΣ /ƘƛŜŦ ¢ŜŎƘƴƻƭƻƎȅ hŶŎŜǊΣ [ŀƴƎƭŀƴŘ /ƻƴǎŜǊǾŀǝƻƴ 

мΦ LƴǘǊƻŘǳŎǝƻƴ 

¢ƘŜ Ƴŀƛƴ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ǘƻ ƛŘŜƴǝŦȅ ƛƴŘƛŎŀǘƻǊǎ ƻŦ Ƙŀōƛǘŀǘ ŘŜƎǊŀŘŀǝƻƴ ŀƴŘ ǘƘŜƛǊ 

ƛƳǇƭƛŎŀǝƻƴǎ ƻƴ Dƛŀƴǘ tŀƴƎƻƭƛƴ ŎƻƴǎŜǊǾŀǝƻƴΦ 

¢ƘŜ ǘǿƻ ƪŜȅ ŀǊŜŀǎ ƻŦ ŦƻŎǳǎ ǿŜǊŜ ŦƻǊŜǎǘ ƭƻǎǎ ŀƴŘ ŦŜƴŎŜ ŜƭŜŎǘǊƛŬŎŀǝƻƴΦ wŜŎŜƴǘ ƛƳŀƎŜǊȅ ǎƘƻǿǎ ǘƘŀǘ ōƻǘƘ 

ǿƛǘƘƛƴ ŀƴŘ ƻƴ ǘƘŜ ǇŜǊƛǇƘŜǊƛŜǎ ƻŦ ǘƘŜ ǇǊƛƻǊƛǘȅ ŎƻƴǎŜǊǾŀǝƻƴ ŀǊŜŀ ŀƴ ŀƭŀǊƳƛƴƎ ŀƳƻǳƴǘ ƻŦ ŦƻǊŜǎǘ ƛǎ ǎǝƭƭ 

ōŜƛƴƎ ƭƻǎǘ ƛƴ ŀ ǊŜƭŀǝǾŜƭȅ ǎƘƻǊǘ ǝƳŜΣ ǇƻǎƛƴƎ ǎŜǊƛƻǳǎ ǉǳŜǎǝƻƴǎ ŀōƻǳǘ ǘƘŜ ƭƻƴƎπǘŜǊƳ ŜŎƻƭƻƎƛŎŀƭ ƻǳǘƭƻƻƪ 

ƻŦ ǘƘƛǎ ŀǊŜŀΦ 

¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ ŀǊŜŀǎ ƻŦ ŦƻǊŜǎǘ ǊŜƳŀƛƴΣ ŀƴŘ Ƙƻǿ ŦŜƴŎŜǎ Ŏŀƴ ōŜ ǘŀǊƎŜǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ŎƻƴƴŜŎǝǾƛǘȅ 

ōŜǘǿŜŜƴ ǊŜƳŀƛƴƛƴƎ ŀǊŜŀǎ ƻŦ ǿƻƻŘƭŀƴŘΣ ŦƻǊƳǎ ǘƘŜ ŎŜƴǘǊŀƭ ōŀǎƛǎ ƻŦ ǘƘƛǎ ŀƴŀƭȅǎƛǎΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǇǊƻǘŜŎǝƻƴ ŀƴŘ ŘŜπŜƭŜŎǘǊƛŬŎŀǝƻƴΣ ǘƘƛǎ ǎǘǳŘȅ ǎǳƎƎŜǎǘǎ ǇǊƛƻǊƛǘȅ ŀǊŜŀǎ ǘƻ ǊŜǇƭŀƴǘ ǘǊŜŜǎ ǘƻ 

ŎƻǳƴǘŜǊ Ƙŀōƛǘŀǘ ŦǊŀƎƳŜƴǘŀǝƻƴΦ ¢Ƙƛǎ ƛǎ ǳǎǳŀƭƭȅ ǘŀǊƎŜǘŜŘ ǘƻǿŀǊŘǎ ǊŜƛƴŦƻǊŎƛƴƎ ǘƘƛƴ ǾŜƛƴǎ ƻŦ ŎƻƴƴŜŎǝƴƎ 

ŦƻǊŜǎǘ ƻǊ ōǊƛŘƎƛƴƎ ƎŀǇǎ ōŜǘǿŜŜƴ ƳŀƧƻǊ ŘƛǎŎƻƴƴŜŎǘŜŘ ŦƻǊŜǎǘ ōƭƻŎƪǎ ŀŎǊƻǎǎ ǘƘŜ ǎƘƻǊǘŜǎǘ ƻǊ Ƴƻǎǘ 

ǳƴŘŜǾŜƭƻǇŜŘ ǇŀǘƘΦ 

нΦ ¢ǿƻπ{ǘŀƎŜ !ƴŀƭȅǎƛǎ 

 !ƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘǿƻ ǎǘŀƎŜǎΦ CƛǊǎǘ ŀ ƎŜƴŜǊŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǿƛŘŜǊ ŀǊŜŀ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ 

ǘƘŜ Řŀǘŀ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǊǳƴƴƛƴƎ ǘƘŜ ƳƻŘŜƭ ŀǘ нр҈ ŎƻƴŬŘŜƴŎŜ ǿƛǘƘƻǳǘ ǳǎƛƴƎ ¢Ŝǎǘ ¢ƛƳŜ !ǳƎƳŜƴǘŀǝƻƴ 

ό¢¢!ύΦ ¢ƘŜƴ ŀ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ tǊƛƻǊƛǘȅ /ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ ǿŀǎ ŎƻƴŘǳŎǝƴƎ ǳǎƛƴƎ Řŀǘŀ ǊŜǎǳƭǝƴƎ 

ŦǊƻƳ ǘƘŜ ƳƻŘŜƭ ŀǘ рл҈ ŎƻƴŬŘŜƴŎŜ ǿƛǘƘ ¢¢! ŜƴŀōƭŜŘΦ ²Ƙƛƭǎǘ ǎƻƳŜ ƭŜǎǎ ŎƻƴŬŘŜƴǘƭȅ ǇǊŜŘƛŎǘŜŘ ŦŜŀǘǳǊŜǎ 

Ƴŀȅ ōŜ ŀōǎŜƴǘ ŦǊƻƳ ǘƘƛǎ ƛǘŜǊŀǝƻƴΣ ǘƘŜ Řŀǘŀ ƛǎ ǇǊƻǾƛŘŜŘ ǿƛǘƘ ŀ ƎǊŜŀǘŜǊ ŘŜƎǊŜŜ ƻŦ ŎƻƴŬŘŜƴŎŜ ŀƴŘ ŀ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ƭƻǿŜǊ ǊŀǘŜ ƻŦ ŦŀƭǎŜ ǇƻǎƛǝǾŜǎ 

Lƴ ǘƘŜ t/! ŀǊŜŀ ŀ ŎŀƭŎǳƭŀǝƻƴ ǿŀǎ ŘƻƴŜ ǘƻ ǿŜƛƎƘǘ ǎŎƻǊŜǎ ōȅ ŎƻƴŬŘŜƴŎŜ ōǳǘ ǘƘƛǎ ŎŀǳǎŜŘ ŀ ƴŜƎƭƛƎƛōƭŜ 

ǾŀǊƛŀǝƻƴ ƛƴ ǘƘŜ ƻǳǘǇǳǘ Ǿƛǎǳŀƭƛǎŀǝƻƴǎ ǎƻ ǿŀǎ ƻƳƛǧŜŘ ƘŜǊŜΦ 

оΦ wŜƳŀƛƴƛƴƎ CƻǊŜǎǘ /ƻǾŜǊ 

¢ƘŜ t/! ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƭŀǊƎŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǊŜƳŀƛƴƛƴƎ ƛƴǘŀŎǘ ŦƻǊŜǎǘ ŎƻǾŜǊ ǿƛǘƘƛƴ ǘƘŜ ǿƛŘŜǊ ŀǊŜŀΦ 

¢ƘŜǊŜ ǊŜƳŀƛƴǎ ǎǳōǎǘŀƴǝŀƭ ŦƻǊŜǎǘ ǘƻ ǘƘŜ ƛƳƳŜŘƛŀǘŜ ƴƻǊǘƘ ƻŦ ǘƘŜ t/!Σ ƘƻǿŜǾŜǊ ǎƛƎƴǎ ƻŦ ƭŀƴŘǎŎŀǇŜ 

ŎƘŀƴƎŜ ŀǊŜ ǿƛŘŜǎǇǊŜŀŘΣ ǎǳŎƘ ŀǎ ŦŜƭƭŜŘ ǘǊŜŜǎ ƻǊ ǎŎŀǊǎ ƻƴ ǘƘŜ ǎƻƛƭ ŦǊƻƳ ŎƘŀǊŎƻŀƭ ǇǊƻŘǳŎǝƻƴΦ Lƴ ǘƘŜ 

tǊƛƻǊƛǘȅ /ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ нмΦоƪƳн ƻŦ ǘǊŜŜ ŎƻǾŜǊ ǊŜƳŀƛƴŜŘ ƛƴ aŀǊŎƘ нлнп ƻǳǘ ƻŦ ǘƘŜ ŀǊŜŀ ǘƻǘŀƭ ƻŦ 

пфΦнƪƳΣ ǊŜǇǊŜǎŜƴǝƴƎ поΦн҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ŀǊŜŀΦ hŦ ǘƘƛǎΥ 

¶ 18.4km2 was comprised of areas of tree cover 1000m2 or more in size, or 37.3% of the total area. 



¶ 12.1km2 was comprised of areas of tree cover of 0.5km2 or more in size, or 24.6% of the total 

area. 

¶ 8.3km2 was comprised of areas of tree cover 1km2 or more in size, or 16.9% of the total area. 

  

пΦ CƻǊŜǎǘ [ƻǎǎ 

CƻǊŜǎǘ ƭƻǎǎ ǎǘŀƴŘǎ ŀǎ ǘƘŜ Ƴƻǎǘ ǇǊŜǎǎƛƴƎ ŎƻƴǎŜǊǾŀǝƻƴ ŎƘŀƭƭŜƴƎŜ ƛƴ ǘƘŜ bȅŀƪǿŜǊƛ CƻǊŜǎǘ ƭŀƴŘǎŎŀǇŜΣ 

ŘƛǊŜŎǘƭȅ ƛƳǇŀŎǝƴƎ ǘƘŜ Dƛŀƴǘ tŀƴƎƻƭƛƴ ǇƻǇǳƭŀǝƻƴ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ŜŎƻǎȅǎǘŜƳ ƘŜŀƭǘƘΦ ¢ƘŜ bȅŀƪǿŜǊƛ 

CƻǊŜǎǘ ƭŀƴŘǎŎŀǇŜ Ƙŀǎ ōŜŜƴ ŜǾƛǎŎŜǊŀǘŜŘ ōȅ ŘŜŦƻǊŜǎǘŀǝƻƴ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎΣ ƭƻǎƛƴƎ ƳƻǊŜ ǘƘŀƴ 

сл҈ ƻŦ ƛǘǎ ǘǊŜŜ ŎƻǾŜǊ ǎƛƴŎŜ нллмΦ aƻǎǘ ƻŦ ǘƘƛǎ ŎƘŀƴƎŜ Ƙŀǎ ƻŎŎǳǊǊŜŘ ǎƛƴŎŜ нлмн ŀƴŘ Ŧƻƭƭƻǿǎ ŀ ǎǘŜŀŘȅ 

ǇŀǧŜǊƴ ƻŦ ƭƻǎǎ ƳƻǾƛƴƎ ŦǊƻƳ ǘƘŜ ƴƻǊǘƘ ƻŦ ǘƘŜ ŀǊŜŀ ǘƻ ǘƘŜ ǎƻǳǘƘΦ 

hƴŎŜ ŀ ǾƛōǊŀƴǘ ƴŜǘǿƻǊƪ ƻŦ ƭŀǊƎŜ ŎƻƴǝƎǳƻǳǎ ŦƻǊŜǎǘΣ ǘƘŜ ŀǊŜŀ Ƙŀǎ ōŜŜƴ ǊŜŘǳŎŜŘ ǘƻ ŀ ƳƻǎŀƛŎ ƻŦ ǘƘƛƴ 

ǾŜƛƴǎ ƻŦ ǘǊŜŜ ŎƻǾŜǊ ŀƴŘ ŘƛǎŎƻƴƴŜŎǘŜŘ ŦƻǊŜǎǘ ōƭƻŎƪǎΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǿƛŘŜǎǇǊŜŀŘ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ƭŀǊƎŜ 

ōƭƻŎƪǎ ǘƻ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘΣ ǘƘŜǊŜ ƛǎ ŀƭǎƻ ŀ ŎƻƴǎƛǎǘŜƴǘ ǇŀǧŜǊƴ ƻŦ ǘǊŜŜǎ ōŜƛƴƎ ŦŜƭƭŜŘ ƛƴ ǎƳŀƭƭ ƴǳƳōŜǊǎ 

ŀŎǊƻǎǎ ǘƘŜ ŀǊŜŀΣ άƴƛōōƭƛƴƎέ ŀǿŀȅ ŀǘ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘ ōƭƻŎƪǎΦ ¢ƘŜ ǎǳƳ ƻŦ ǘƘƛǎ ŀŎǝǾƛǘȅ ŀŎǊƻǎǎ ƭŀƴŘǎŎŀǇŜ 

ƛǎ ǘƘŜ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ŎƻƴǝƴǳŜŘ ŜǊƻǎƛƻƴ ƻŦ ƛǘǎ Ǿƛŀōƛƭƛǘȅ ŀǎ ŀ ǇŀƴƎƻƭƛƴ ƘŀōƛǘŀǘΦ 

hǳǊ ŀƴŀƭȅǎƛǎ ƻŦ ŦƻǊŜǎǘ ŎƻǾŜǊ ŎƘŀƴƎŜ ǳǎƛƴƎ ƘƛƎƘπǊŜǎƻƭǳǝƻƴ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǊȅ ŀƴŘ !LπŘǊƛǾŜƴ ŦƻǊŜǎǘ 

ŘŜǘŜŎǝƻƴ ǇǊƻǾƛŘŜǎ ǘƘŜ Ƴƻǎǘ ŀŎŎǳǊŀǘŜ ŀƴŘ ǳǇπǘƻπŘŀǘŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƻƴ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘ ŎƻǾŜǊ ƛƴ ǘƘƛǎ 

ŀǊŜŀΦ  

Lǘ ŀƭǎƻ ŎƻƴŬǊƳǎ ǘƘŀǘ ŘŜŦƻǊŜǎǘŀǝƻƴ ŀƴŘ Ƙŀōƛǘŀǘ ŦǊŀƎƳŜƴǘŀǝƻƴ ƛǎ ŎƻƴǝƴǳƛƴƎ ǘƻ ƻŎŎǳǊ ŀǘ ŀƴ 

ǳƴǎǳǎǘŀƛƴŀōƭŜ ǊŀǘŜΣ ƛƴŎƭǳŘƛƴƎ ǿƛǘƘƛƴ ǘƘŜ t/!Φ 

 

 

 



 

DƻƻƎƭŜ 9ŀǊǘƘ LƳŀƎŜǊȅ hǾŜǊ мл ¸ŜŀǊǎ 

   
нлмн нлмо нлмп 

   
нлмр нлмс нлмт 

   
нлму нлмф нлнл 

  

 

нлнм нлнн  

 



 

 

 

hǳǊ ƛƳŀƎŜǊȅ ŎƻǾŜǊǎ ŘƛũŜǊŜƴǘ ŀǊŜŀǎ ƻŦ ǘƘŜ bȅŀƪǿŜǊƛ CƻǊŜǎǘ ŀǘ ŘƛũŜǊŜƴǘ ǝƳŜǎΣ ƳŀƪƛƴƎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ 

ŀƴŀƭȅǎƛǎ ŀǘ ƘƛƎƘ ǊŜǎƻƭǳǝƻƴ ƛƳǇƻǎǎƛōƭŜΦ IƻǿŜǾŜǊΣ ōŜǘǿŜŜƴ ǘƘŜ ƛƳŀƎŜǊȅ Řŀȅǎ ǘƘŜǊŜ ŀǊŜ ƪŜȅ ŀǊŜŀǎ ƻŦ 

ƻǾŜǊƭŀǇΣ ƛƴŎƭǳŘƛƴƎ нфΦуƪƳн ƻŦ ǘƘŜ tǊƛƻǊƛǘȅ /ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀΣ ŀƭƭƻǿƛƴƎ ŀƴ ŜũŜŎǝǾŜ ŎƘŀƴƎŜ ŀƴŀƭȅǎƛǎ ƛƴ 

тн҈ ƻŦ ǘƘŜ t/!Φ 

{Ŝŀǎƻƴŀƭ ǾŀǊƛŀōƛƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ŘŀǘŜǎ ŎƻƳǇƭƛŎŀǘŜǎ ǘƘŜ ŀŎŎǳǊŀǘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ƭƻǎǎ ŘǳŜ ǘƻ ǘƘŜ 

Ǌŀƛƴȅ ǎŜŀǎƻƴ ƳŜŀƴƛƴƎ ǾŜƎŜǘŀǝƻƴ ƛǎ ƳǳŎƘ ƭǳǎƘ ŀƴŘ Ŧǳƭƭ ŘǳǊƛƴƎ ǘƘŜ ǎǇǊƛƴƎΦ ¢ƘŜ ǘƻǘŀƭ ŀǊŜŀ ƻŦ ŘŜǘŜŎǘŜŘ 

ǘǊŜŜ ŎƻǾŜǊ ǿŀǎ ǾƛǊǘǳŀƭƭȅ ƛŘŜƴǝŎŀƭ ŀŎǊƻǎǎ ōƻǘƘ ŘŀǘŜǎΦ 

IƻǿŜǾŜǊΣ ǿƘŜƴ ǎƳŀƭƭ ǘǊŜŜǎ ǿŜǊŜ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ Řŀǘŀ ŀƴŘ ōƭƻŎƪǎ ŀǘ ƭŜŀǎǘ мллƳȄмллƳ ƛƴ ǎƛȊŜ ǿŜǊŜ 

ŎƻǳƴǘŜŘΣ ƛǘ ǇǊƻǾŜŘ ŀƴ ŜȄǘǊŜƳŜƭȅ ǳǎŜŦǳƭ ǎǘŜǇ ƛƴ ƘƛƎƘƭƛƎƘǝƴƎ ǎǇŜŎƛŬŎ ŀǊŜŀǎ ƻŦ ƭƻǎǎ ŦƻǊ ŦǳǊǘƘŜǊ Ƴŀƴǳŀƭ 

ŎƻƴŬǊƳŀǝƻƴΦ 

! ŘƛũŜǊŜƴŎŜ ƳŀǇ ǿŀǎ ŎǊŜŀǘŜŘ ǿƛǘƘ ŀǊŜŀǎ ƻŦ ƭƻǎǎ ōŜǘǿŜŜƴ ǘƘŜ hŎǘƻōŜǊ ƛƳŀƎŜǊȅ ƳŀǊƪŜŘ ƛƴ ǊŜŘΦ 

9ȄŀƳǇƭŜǎ ƻŦ wŜŎŜƴǘ CƻǊŜǎǘ [ƻǎǎ ǿƛǘƘƛƴ ǘƘŜ tǊƛƻǊƛǘȅ /ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ όbƻǊǘƘπ²Ŝǎǘ /ƻǊƴŜǊύ 

  
hŎǘ нлно aŀǊ нлнп 

/ƭƻǎŜπ¦Ǉ 9ȄŀƳǇƭŜ wŜŎŜƴǘ CƻǊŜǎǘ [ƻǎǎ ǿƛǘƘƛƴ ǘƘŜ tǊƛƻǊƛǘȅ /ƻƴǎŜǊǾŀǝƻƴ !ǊŜŀ 

  
hŎǘ нлно aŀǊ нлнп 



 

 

 

 

 

 

 

 

 

 

aŀƴǳŀƭƭȅ /ƻƴŬǊƳŜŘ {ƛǘŜǎ ƻŦ CƻǊŜǎǘ .ƭƻŎƪ [ƻǎǎ ōŜǘǿŜŜƴ hŎǘƻōŜǊ нлно ŀƴŘ aŀǊ нлнп 

hŎǘƻōŜǊ нлно 

 

 

aŀǊ нлнп 

 
 

aƻǎǘ ƭŀǊƎŜ ŀǊŜŀ ƭƻǎǎ ŘŜǘŜŎǝƻƴǎ ǳǎǳŀƭƭȅ ŎƻǊǊŜƭŀǘŜŘ ǘƻ ƻƴƎƻƛƴƎ ŦŜƭƭƛƴƎ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘ ōƭƻŎƪǎ 

ŀƴŘ ǊŀǇƛŘƭȅ ƛƳǇǊƻǾŜŘ ǘƘŜ ǊŀǘŜ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ǿƛǘƘ ǿƘƛŎƘ ǘƘŜȅ ŎƻǳƭŘ ōŜ ŘŜǘŜŎǘŜŘΦ !ƊŜǊ Ƴŀƴǳŀƭƭȅ 

ǾŜǊƛŦȅƛƴƎ ŦŜƭƭƛƴƎ ŀŎǝǾƛǘȅ  



¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǎŎŀǊǎ ƭŜƊ ōŜƘƛƴŘ ōȅ ƻǘƘŜǊ ǇǊŜǾƛƻǳǎ ŦŜƭƭƛƴƎ ŀŎǝǾƛǘȅ ǳƴŘŜǊƭƛƴŜ ŀ ǇŜǊǎƛǎǘŜƴǘ ŀƴŘ ƘƛǎǘƻǊƛŎ 

ǇŀǧŜǊƴ ƻŦ ƭƻǎǎΦ 

¦ǎƛƴƎ ǘƘŜ !LπŘǊƛǾŜƴ ƻōƧŜŎǘ ŘŜǘŜŎǝƻƴ ƳƻŘŜƭΣ ǿŜ ƛŘŜƴǝŬŜŘ ōǳƛƭŘƛƴƎǎ ǿƛǘƘƛƴ ǘƘŜ t/!Φ ²Ŝ ǘƘŜƴ ŀƴŀƭȅȊŜŘ 

ǘƘŜƛǊ ǇǊƻȄƛƳƛǘȅ ǘƻ ŀǊŜŀǎ ƻŦ ŎƻƴŬǊƳŜŘ ǊŜŎŜƴǘ ŘŜŦƻǊŜǎǘŀǝƻƴΦ ¢ƘŜ ǇǊƻŎŜǎǎ ƛƴǾƻƭǾŜŘΥ 

¶ Identifying clusters of buildings (potential settlements or homesteads) 

¶ Creating buffer zones around recent deforestation sites (100m radius) 

¶ Intersecting these buffer zones with the identified building clusters 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭŜŘ ǎŜǾŜǊŀƭ ƪŜȅ ŬƴŘƛƴƎǎ тл҈ ƻŦ ǘƘŜ ǊŜŎŜƴǘ ŘŜŦƻǊŜǎǘŀǝƻƴ ǎƛǘŜǎ ǿŜǊŜ ǿƛǘƘƛƴ нллƳ ƻŦ 

ōǳƛƭŘƛƴƎǎ 

¶ There remains very little space within the PCA where there remain large gaps between buildings 

ς 87% of the PCA falls within 300m of a building. The 13% of the PCA that falls out of 300m 

proximity of a building accounts for 20% of the remaining tree cover and 22% of the remaining 

tree cover in blocks larger than 100x100m. 

¶ In the areas where buildings were further away, there were visible signs of historic deforestation 

between the buildings and the deforestation sites, indicating a continued pattern of erosion. 

5ǳŜ ǘƻ ǘƘŜ ŦǊŀƎƳŜƴǘŜŘ ƴŀǘǳǊŜ ƻŦ ǘƘŜ Ƙŀōƛǘŀǘ ŀƴŘ ǘƘŜ ŦŀŎǘ ŎƻƳƳǳƴƛǝŜǎ ŀǊŜ ƛƴǘŜǊǎǇŜǊǎŜŘ ǘƘǊƻǳƎƘƻǳǘ 

ǘƘŜ ǇǊƛƻǊƛǘȅ ŀǊŜŀΣ ŀ ŎƻƳƳǳƴƛǘȅπŎŜƴǘǊƛŎ ǎƻƭǳǝƻƴΣ ŀǎ Ƙŀǎ ōŜŜƴ ŀŘƻǇǘŜŘ ōȅ ¢ƘŜ tŀƴƎƻƭƛƴ tǊƻƧŜŎǘΣ Ƴǳǎǘ 

Ǉƭŀȅ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ǿƛǘƘƛƴ ǿƛŘŜǊ ŎƻƴǎŜǊǾŀǝƻƴ ŜũƻǊǘǎΦ ²ƻǊƪƛƴƎ ŀƭƻƴƎǎƛŘŜ ŎƻƳƳǳƴƛǝŜǎΣ ŦƻǎǘŜǊƛƴƎ 

ǇƻǎƛǝǾŜ ŀǩǘǳŘŜǎ ǘƻǿŀǊŘǎ ŎƻƴǎŜǊǾŀǝƻƴΣ ŀƴŘ ƛƴŎŜƴǝǾƛǎƛƴƎ ǘƘŜ ǎŀŦŜƪŜŜǇƛƴƎ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘ ƛǎ 

ǘƘŜ ǇǊƛƴŎƛǇŀƭ ǿŀȅ ǘƘŀǘ ŦǳǊǘƘŜǊ ŘŀƳŀƎŜ Ŏŀƴ ōŜ ƳƛǝƎŀǘŜŘΦ 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ Ƙŀǎ ƛŘŜƴǝŬŜŘ ǿƘƛŎƘ ŎƻƳƳǳƴƛǝŜǎ ǎƛǘ ƛƴ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅ ǘƻ ŀŎǝǾŜ ǎƛǘŜǎ ƻŦ ŘŜŦƻǊŜǎǘŀǝƻƴ 

ǿƘŜǊŜ ǘǊŜŜǎ ǿŜǊŜ ŦŜƭƭŜŘ ōŜǘǿŜŜƴ hŎǘƻōŜǊ нлно ŀƴŘ aŀǊŎƘ нлнпΦ 

/ƭǳǎǘŜǊǎ ƻŦ ƘƻǳǎƘƻƭŘǎ ƛƴ ǇǊƻȄƛƳƛǘȅ ǘƻ ǊŜŎŜƴǘ ŘŜŦƻǊŜǎǘŀǝƻƴ 



 
 

 

рΦ /ƻƴƴŜŎǝǾƛǘȅ !ƴŀƭȅǎƛǎ  

¢ƘŜ ŎƻƴƴŜŎǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ŀƛƳǎ ǘƻ ƛŘŜƴǝŦȅ ŀƴŘ ǇǊƛƻǊƛǝȊŜ ŀǊŜŀǎ ǿƘŜǊŜ ƭƛƳƛǘŜŘ ǇƻǘŜƴǝŀƭ ǊŜŦƻǊŜǎǘŀǝƻƴ 

ŜũƻǊǘǎ ǘƻ ƛƳǇǊƻǾŜ Ƙŀōƛǘŀǘ ŎƻƴƴŜŎǝǾƛǘȅ ŦƻǊ ǿƛƭŘƭƛŦŜΣ ǇŀǊǝŎǳƭŀǊƭȅ ǘƘŜ Dƛŀƴǘ tŀƴƎƻƭƛƴΦ  

¢ƘŜ ǇǊƻŎŜǎǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

LŘŜƴǝŦȅ ǎƛƎƴƛŬŎŀƴǘ ŦƻǊŜǎǘ ǇŀǘŎƘŜǎΥ 

¶ Tree cover areas larger than 100x100m² (10,000m²) were identified as significant forest patches. 

¶ A 50m buffer was drawn around these significant forest patches. 

LŘŜƴǝŦȅ ǇƻǘŜƴǝŀƭ ŎƻƴƴŜŎǝƻƴ ŀǊŜŀǎΥ 



¶ The intersecting areas of these buffers were kept, as they represent potential corridors between 

forest patches. 

¶ Areas where these intersections crossed roads were highlighted in red, indicating potential 

wildlife crossing points, as well as were reforestation efforts are likely unfeasible due the 

importance of the road to local communities. 

!ŎŎƻǳƴǘ ŦƻǊ ƘǳƳŀƴ ǎŜǧƭŜƳŜƴǘǎΥ 

¶ A 50m buffer was created around households (buildings). 

¶ This household buffer was then erased from the tree cover intersect areas. 

LŘŜƴǝŦȅ ǇǊƛƻǊƛǘȅ ŀǊŜŀǎ ŦƻǊ ŎƻƳƳǳƴƛǘȅ ŜƴƎŀƎŜƳŜƴǘΥ 

¶ The resulting areas represent potential reforestation zones that could connect existing forest 

patches while minimizing conflict with human settlements. 

¶ These areas are highlighted as priority locations for engaging local communities in reforestation 

efforts. 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ŎƻǳƭŘ ƘŜƭǇ ŎƻƴǎŜǊǾŀǝƻƴ ŜũƻǊǘǎ ōȅΥ 

¶ Identifying gaps in forest cover that, if filled, could significantly improve habitat connectivity. The 

biggest opportunities for reforestation likely fall within the centre and west of the PCA. Whilst 

the most intact forest block falls to the east, a major road likely prohibits reconnecting it to the 

other areas. 

¶ Highlighting areas where wildlife might be at risk when crossing between forest patches (e.g., 

road crossings).. 

¶ Providing a data-driven approach to prioritize areas for reforestation and community 

engagement efforts. 

 

 

 

 

 

/ƻƴƴŜŎǝǾƛǘȅ !ƴŀƭȅǎƛǎ 

¢ǊŜŜ ŎƻǾŜǊ ŀǊŜŀǎ ŀōƻǾŜ мллȄмллƳн ƛŘŜƴǝŬŜŘ рлƳ .ǳũŜǊ 5Ǌŀǿƴ 



  
LƴǘŜǊǎŜŎǝƴƎ !ǊŜŀǎ YŜǇǘ όǊŜŘ ǿƘŜǊŜ ƻǾŜǊ ǊƻŀŘǎύ рлƳ .ǳũŜǊ ƻǾŜǊ IƻǳǎŜƘƻƭŘǎ 

  
IƻǳǎŜƘƻƭŘ .ǳũŜǊ 9ǊŀǎŜŘ ŦǊƻƳ ¢ǊŜŜ /ƻǾŜǊ LƴǘŜǊǎŜŎǘ /ƻƳƳǳƴƛǝŜǎ ǘƻ ŜƴƎŀƎŜ ǊŜƎŀǊŘƛƴƎ ǊŜŦƻǊŜǎǘŀǝƻƴ 

  
  

 



сΦ !ƴŀƭȅǎƛǎ ƻŦ CŜƴŎƛƴƎ 

¢ƘŜ ŬǊǎǘ ƛǘŜǊŀǝƻƴǎ ƻŦ ǘƘŜ ƳƻŘŜƭΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ŭƴŀƭ тπŎƭŀǎǎ ƳƻŘŜƭ ƘŀŘ ǇƻƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ŦƻǊ ŦŜƴŎŜǎΣ 

ƴŜŎŜǎǎƛǘŀǝƴƎ ŀ ōŜǎǇƻƪŜ ŦŜƴŎŜπǎǇŜŎƛŬŎ ƳƻŘŜƭ ǿƛǘƘ ŀ ƎǊŜŀǘƭȅ ŜȄǇŀƴŘŜŘ ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘ ŦƻǊ ǘƘƛǎ ŎƭŀǎǎΦ 

5ǳŜ ǘƻ ǘƘŜ ŘƛŶŎǳƭǘȅ ŀŎŎǳǊŀǘŜƭȅ ƳŀǇǇƛƴƎ ŦŜƴŎŜǎ ǳǎƛƴƎ ǘƘŜ ƳƻŘŜƭΣ ǘƘŜ ƳƻŘŜƭ ǿŀǎ ǳǎŜŘ ǇǊƛƳŀǊƛƭȅ ŦƻǊ ƎŜƴŜǊŀƭ 

ŦŜƴŎŜ ŘŜǘŜŎǝƻƴΦ hƴŎŜ ǘƘŜ ŦŜƴŎŜǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘΣ ǘƘŜȅ ǿƻǳƭŘ ōŜ ƘŀƴŘπŘǊŀǿƴ ǿƛǘƘƛƴ ǘƘŜ t/! ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ 

ŀǊŜŀ ǘƻ ŎǊŜŀǘŜ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳŀǇ ƻŦ ŦŜƴŎŜ ƭƛƴŜǎΦ ¢Ƙƛǎ ƘŀŘ ǘƘŜ ŀŘŘŜŘ ŀŘǾŀƴǘŀƎŜ ƻŦ ƎŜƴŜǊŀǝƴƎ ƘƛƎƘπǉǳŀƭƛǘȅ 

ǘǊŀƛƴƛƴƎ Řŀǘŀ ǘƘŀǘ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǘǊŀƛƴ ǎǳŎŎŜǎǎƛǾŜ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ ƳƻŘŜƭΦ 

/ƻƳǇǊŜƘŜƴǎƛǾŜ CŜƴŎŜƭƛƴŜ aŀǇ όaŀƴǳŀƭƭȅ 5ǊŀǿƴΣ .ŀǎŜŘ ƻũ 5ŜǘŜŎǝƻƴǎύ 

 
 

²Ƙƛƭǎǘ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ƛƴŘƛŎŀǘŜ ǿƘŜǘƘŜǊ ǘƘŜ ŦŜƴŎŜǎ ŀǊŜ ŜƭŜŎǘǊƛŬŜŘΣ ƛǘ ǇǊƻǾƛŘŜǎ ŀ ǳǎŜŦǳƭ ǎǘŀǊǝƴƎ Ǉƻƛƴǘ ǘƻ ƛŘŜƴǝŦȅ 

ǇǊƛƻǊƛǘȅ ŀǊŜŀǎ ŦƻǊ ƎǊƻǳƴŘ ǾŜǊƛŬŎŀǝƻƴ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ŜƴƎŀƎŜƳŜƴǘΦ 

Lƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ǘƘƛǎ ŦŜƴŎŜ ƭƛƴŜǎ ǿƛǘƘƛƴ мллƳ ƻŦ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘ ǿŜǊŜ ŬƭǘŜǊŜŘΦ CǊƻƳ ƘŜǊŜ ƴŜŀǊōȅ 

ƘƻƳŜǎǘŜŀŘǎ ƴŜŀǊ ǘƘƻǎŜ ŦŜƴŎŜ ƴŜǘǿƻǊƪǎ ǿŜǊŜ ƎǊƻǳǇŜŘ ƛƴǘƻ ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ƘƛƎƘƭƛƎƘǘŜŘ ŦƻǊ ŜƴƎŀƎŜƳŜƴǘΦ 

aƻǎǘ ǎǳŎƘ ŎƻƳƳǳƴƛǝŜǎ ƭƛŜ ǿƛǘƘƛƴ ǘƘŜ ǿŜǎǘŜǊƴ ŀǊŜŀ ƻŦ ǘƘŜ t/!Σ ǿƘƛŎƘ ƛǎ Ƙŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 

ŦŜƴŎŜǎΦ  

 

 

 



CŜƴŎŜƭƛƴŜ !ƴŀƭȅǎƛǎ 

CŜƴŎŜǎ ǿƛǘƘƛƴ мллƳ ƻŦ ŦƻǊŜǎǘ ŬƭǘŜǊŜŘ CŜƴŎƛƴƎ !ǊŜŀǎ ōǳũŜǊŜŘ ǘƻ нллƳ 

  
/ƻƳƳǳƴƛǝŜǎ ǿƛǘƘƛƴ нллƳ ƻŦ ŀ ŦŜƴŎŜ ƛŘŜƴǝŬŜŘ 9ȄŀƳǇƭŜ ƻŦ ƛŘŜƴǝŬŜŘ ŎƻƳƳǳƴƛǝŜǎ κ ƘƻƳŜǎǘŜŀŘǎ 

  
 

тΦ  !ƴƴŜȄ 

¢Ƙƛǎ ŀƴƴŜȄ ǇǊƻǾƛŘŜǎ ŀ ǎŜǊƛŜǎ ƻŦ Ǿƛǎǳŀƭƛǎŀǝƻƴǎ ŦƻǊ ǘƘŜ ƻǳǘǇǳǘ ŘŀǘŀΦ Lǘ ŎƻǾŜǊǎ ŀ ǎŜǊƛŜǎ ƻŦ Ǿƛǎǳŀƭƛǎŀǝƻƴǎ 

ŦƻǊ ōƻǘƘ ǘƘŜ ǿƛŘŜǊ ŀƴŀƭȅǎƛǎ ǇŜǊŦƻǊƳŜŘ ŀǘ нр҈ ŎƻƴŬŘŜƴŎŜ ǿƛǘƘƻǳǘ ¢¢!Σ ŀƴŘ ǘƘŜ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎ ƻŦ 

ǘƘŜ t/! ŎƻƴŘǳŎǘŜŘ ŀǘ рл҈ ŎƻƴŬŘŜƴŎŜ ǿƛǘƘ ¢¢! ŜƴŀōƭŜŘΦ 

bƻǘŜ ǘƘŀǘ ǿƘƛƭǎǘ ǘƘŜ ŀǊŜŀ ŎƻǾŜǊŀƎŜ ŦƻǊ ŦŜƴŎŜǎ ŀƴŘ ǇŀǊǝǝƻƴǎ ƛǎ ŀ ǾŜǊȅ ƎƻƻŘ ƛƴŘƛŎŀǘƻǊ ƻŦ ǊŜƭŀǝǾŜ ŘŜƴǎƛǘȅΣ 

ŘǳŜ ǘƻ ǘƘŜ ƻǾŜǊǎƛȊŜŘ ōƻǳƴŘƛƴƎ ōƻȄŜǎΣ ǘƘŜ ƴǳƳōŜǊǎ ƻŦ ŀǊŜŀ ŎƻǾŜǊŀƎŜ ǘƻ ƴƻǘ ŎƻǊǊŜƭŀǘŜ ǘƻ ŀƴ ŀŎŎǳǊŀǘŜ 

ǊŜŀƭπǿƻǊƭŘ ƳŜǘǊƛŎΦ 

Cǳƭƭ ǊŜǎƻƭǳǝƻƴ ƛƳŀƎŜǎ ŀƴŘ Ǌŀǿ Řŀǘŀ ŀǊŜ ŀǾŀƛƭŀōƭŜ ƻƴ ǊŜǉǳŜǎǘΦ 

 

 

тΦмΦмΦ ²ƛŘŜ !ǊŜŀ !ƴŀƭȅǎƛǎ π ¢ǊŜŜ /ƻǾŜǊŀƎŜ ŀƴŘ CŜŀǘǳǊŜ /ƻǳƴǘ 


