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Lawton Principles:
bigger, better, more, joined

Landscape ecology – focus on habitat loss, 
fragmentation, connectivity, restoration, 
habitat creation
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• Fragmented
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Characteristics:

Can we map these trees and 
hedgerows with EO data?
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Characteristics:

Circular shape

Green Colour 
and 

photosynthetic 
activity

Tall

Find characteristics 
of trees that are 
different from the 
rest of the 
landscape
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Characteristics:

Circular shape

Tall

Green Colour 
and 

photosynthetic 
activity

Need information 
on: 
1. Height
2. Colour
3. Productivity
4. Shape 

Information needs to 
be high enough 
resolution to ‘see’ 
small features. 
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• The more characteristics an object has, the more 
likely it is to be a tree.

• Hybrid of broad rule base and machine learning 
model. No parameterisation specific to site/capture 
date.
– Broad rule base to remove things with zero chance of 

being a tree - e.g. objects with no height or very large area

– Optimised machine learning to identify tree based on 
examples of tree from automatically cleaned NFI data. 

– Secondary rule base to encode statistical knowledge of 
types of woodland and characteristics of hedges to form 
labels

How to map TOW from this data…
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TOW Identification Process
Aerial Photography

(Greenness and Photosynthetic Activity)

Digital Elevation Model
(Height Data)

National Forest Inventory
(Examples of trees)

Training Data

Machine Learning Classifier

Broad rule base

TOW/Hedgerow Polygons

Input Datasets

Derived Input

Analysis

Output
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BNG Coordinates: 481,070.86E 471,882.16N mAerial photography supplied by Bluesky International Ltd./Getmapping PLC. 

=  NFI Woodland
Small Woodland
Group of Trees
Lone Tree
Hedgerow 
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Aerial photography 
supplied by Bluesky 
International 
Ltd./Getmapping 
PLC. 

=  NFI Woodland
Small Woodland
Group of Trees
Lone Tree
Hedgerow 

BNG Coordinates: 
446,801.76E 
444,574.92N m
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Integrated Survey Design 

X

3. Field Survey details 
multiplied up to the map 

areas

1
2

3
4

5

Volume

4. ToW information 
produced with Standard 

Errors

2. Three phase field 
survey: 

1. ToW Map

=

Woodland
Sample

ToW
Sample

EES 
Sample
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NFI survey: Triple Calibration: Fieldwork vs EO vs hand mapping

Each layer checks and 
calibrates the other

1 – Hand -mapped 
samples

2 – Field work samples

3 – EO based machine 
learning map
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NFI survey: Woodland EO stratification
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NFI survey: Trees Outside Woodland EO stratification
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NFI survey: Trees Outside Woodland Field work stratification

Sampling per 1km2

• Follows basic NFI protocol on 
measurement:

• 5 small woods (as per NFI 
sections / woods)

• 15 groups (as per trees in 
section plots - NFI)

• 35 lone trees (as per trees in 
section plots - NFI)

• X hedgerows as per NFI

Plus
• Confirm provided tree features 

from EO
• Allocate a broad or priority 

habitat to all land parcels
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NFI survey: ToW fieldwork

Mensuration assessments:

dbh

height measurements

crown widths and 
depths

stocking

species

straightness (conifers)

live / dead

Natural Regeneration

NVC & ground, field & shrub 
layer vegetation

General health

Dead wood

Invasive Species

Forest type & land use

Gross / net area

Habitat type & condition

Silvicultural Systems

Species

Canopy structure

Planting year

Recent Treatment

Management Practice

Thinning history

Access & ease of harvesting

Boundary & cultural features

Micro-Habitats & veteran 
trees

Recreation & social factors
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Questions:

kevin.watts@forestresearch.gov.uk

ben.ditchburn@forestresearch.gov.uk

16/06/2022


