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Executive Summary

The ability to measure biodiversity has become increasingly important as nature moves closer
to the centre of planning, land management, infrastructure, conservation, investment and
corporate decision-making. Habitat classification, ecological survey, condition assessment
and species monitoring provide essential foundations for this work. At the same time, advances
in Earth observation, aerial imagery, geospatial analysis and environmental data are allowing
landscapes to be observed at greater scale, frequency and resolution than ever before.

Yet better observation does not automatically produce better ecological understanding.
Landscapes are not simply collections of habitat parcels, and ecological performance cannot
always be explained by habitat type, condition or area alone. Habitats exist within wider
systems. They are connected or fragmented, exposed to different pressures, shaped by their
ecological history and influenced by processes operating across boundaries and through time.
Two landscapes that appear similar on a habitat map can therefore function very differently.

This paper introduces the TerraViso Biodiversity Index (TVBI)™ as a framework for interpreting
this wider ecological performance. TVBI is not intended to replace established habitat
classifications, ecological surveys, condition assessments or species monitoring, nor is it
proposed as an alternative regulatory or compliance metric. Instead, it provides a structured
means of considering how different forms of ecological evidence interact and what they reveal
about the functioning of the wider landscape.

At the centre of TVBI are five interconnected dimensions: habitat quality, connectivity,
resilience, recovery potential and ecological context. Together, these provide a broader
ecological profile than habitat quantity alone. The purpose is not to reduce ecological
complexity to a single definitive score. A headline index can support comparison,
communication and monitoring, but its value depends upon retaining a clear route to the
evidence beneath it. TVBI should therefore be understood as an index into ecological
intelligence, where the explanation behind the result is as important as the result itself.

This wider perspective also introduces time as an important component of biodiversity
assessment. Landscapes are continually changing through succession, management,
disturbance, restoration, hydrology, climate and species movement. Understanding ecological
performance therefore requires consideration not only of current state, but also of trajectory.
Ecological memory—the influence of previous ecological conditions and processes on the
present landscape—can provide important evidence about resilience and recovery potential,
while repeated observation can reveal whether ecological systems are strengthening,
deteriorating or changing in unexpected ways.

Landscape context is equally important. Ecological processes rarely correspond neatly with
ownership, project or administrative boundaries. Species move between habitats, water
connects land through catchments and ecological networks can extend far beyond an
individual site. A relatively small habitat feature may therefore have strategic importance if it
connects larger ecological networks, while substantial areas of otherwise valuable habitat may
remain vulnerable because of fragmentation or pressures elsewhere in the landscape. TVBI
brings these relationships into the interpretation of ecological performance rather than treating
sites as ecological islands.
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The paper consequently moves beyond monitoring towards decision intelligence. Monitoring
provides evidence of what has happened; decision intelligence asks how that evidence can
improve choices before intervention occurs. By examining habitat quality, connectivity,
resilience, recovery potential and context together, alternative interventions can be considered
in terms of their potential contribution to the wider ecological system. This does not remove
uncertainty or professional judgement. Rather, it seeks to make ecological evidence,
assumptions and trade-offs more visible so that decisions can be better informed and more
transparent.

No single dataset can provide this understanding. TVBI therefore depends upon an evidence
architecture capable of bringing together complementary sources including habitat
information, authoritative spatial datasets, Earth observation, high-resolution aerial imagery,
field survey, species evidence and monitoring through time. Different evidence sources answer
different questions, and their provenance, limitations and uncertainty need to remain visible.
Technology and Al-assisted analysis can help identify patterns, relationships and change
across large and complex datasets, but ecological interpretation and professional judgement
remain fundamental.

This creates a continuous relationship between observation, understanding, intervention
and learning. Baseline evidence can support prioritisation; prioritisation informs intervention;
monitoring reveals ecological response; and new evidence can then influence subsequent
management and future decisions. Over time, individual assessments can develop into
persistent ecological evidence records, allowing organisations to understand not simply what
exists within a landscape, but how it is changing and whether interventions are producing
meaningful ecological outcomes.

The significance of this approach extends beyond individual conservation or restoration
projects. Biodiversity evidence is increasingly relevant to natural capital, nature-related risk,
environmental investment, land-use strategy, infrastructure and long-term asset management.
As these applications develop, ecological information will need to become more connected,
traceable and decision oriented. The opportunity is to move from environmental information
assembled for individual assessments towards a form of ecological decision infrastructure
capable of supporting repeated decisions across projects, portfolios and landscapes.

The TerraViso Biodiversity Index represents one framework for making that transition. Its
underlying proposition is that biodiversity assessment becomes more useful when it moves
beyond asking simply how much habitat exists and begins to examine how ecological
systems function, how they are connected, how they are changing and where intervention
could make the greatest difference.

That is the transition from biodiversity measurement to ecological intelligence.
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1. The Changing Challenge of Biodiversity
Measurement

The ability to describe and measure biodiversity has become increasingly important as
environmental considerations have moved more firmly into planning, land management,
infrastructure, conservation and investment decisions. Habitat classification, ecological survey
and condition assessment provide essential foundations for this work, allowing ecological
information to be recorded consistently, compared between locations and used within
established policy and regulatory frameworks.

These approaches have brought considerable benefits. Standardised habitat classifications
create a common language for describing landscapes, while condition assessments help
distinguish between habitats of apparently similar type but differing ecological quality. Species
surveys provide another essential layer of evidence, particularly where decisions depend upon
the presence, abundance or use of a site by particular species. Together, these methods
provide much of the evidence upon which contemporary ecological assessment depends.

The challenge is that the questions now being asked of this evidence are becoming broader.
Increasingly, organisations need to understand not only what habitats and species are present,
but how ecological systems function across a landscape, how resilient they may be to
environmental change and whether ecological relationships are strengthening or deteriorating.
Nature recovery, climate adaptation, natural capital investment and long-term environmental
management all require an understanding of ecological processes that extends beyond the
description of individual habitat parcels at a particular moment in time.

This becomes particularly important when apparently similar landscapes are considered in
their wider ecological context. Awoodland connected to a network of hedgerows,
watercourses, grasslands and other woodland patches may perform a very different ecological
role from a woodland of comparable area and condition that is isolated within an intensively
managed landscape. Similarly, a relatively small habitat feature may have significance
disproportionate to its area if it provides an important connection between otherwise
fragmented ecological networks. Area and classification remain important, but neither
necessarily reveals the role that a habitat plays within the wider system.

Time introduces a further dimension. Most ecological assessment necessarily describes
conditions observed at a particular point, yet landscapes are continuously changing through
management, disturbance, succession, restoration, hydrological processes, climate pressures
and species movement. The ecological significance of the landscape observed today may
therefore depend partly upon what existed previously and the direction in which the system is
changing. Two landscapes that appear similar in a contemporary habitat map may have very
different histories and very different ecological trajectories.

This temporal perspective introduces the concept of ecological memory: the influence of
previous ecological conditions and processes on the present state and future development of a
landscape. Existing vegetation, soils, seed banks, hydrology, remnant habitat features and
patterns of connectivity can all carry evidence of previous conditions and influence the
capacity for future recovery. Recognising this history does not diminish the value of
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contemporary assessment; rather, it provides additional context for interpreting what
contemporary evidence means.

The challenge for biodiversity measurement is therefore not simply to develop more metrics. It
is to connect different forms of evidence so that ecological condition can be interpreted within
its spatial, functional and temporal context. Habitat classification, condition assessment,
species evidence, field observations, remote sensing and landscape analysis can each
contribute different information. Used together, they offer the possibility of moving from a
description of ecological assets towards a richer understanding of ecological systems.

This does not require abandoning established ecological methods. On the contrary, those
methods provide the foundation upon which broader ecological intelligence can be built. The
opportunity is to complement them with approaches capable of analysing relationships,
connectivity, resilience, trajectory and landscape context, enabling biodiversity evidence to
answer a wider question: not simply what is present within a landscape, but how that
landscape is functioning as an ecological system.

2. Beyond Habitat Quantity

Habitat extent is an important component of biodiversity assessment. The amount of
woodland, grassland, wetland, heathland or other habitat within a landscape provides
essential information about the ecological resources present and can form the basis for
comparison, protection and restoration. However, area alone cannot explain how effectively
those habitats support ecological processes or how they contribute to the functioning of the
wider landscape.

Two habitats of the same type and broadly similar extent can have very different ecological
characteristics. Differences in vegetation structure, condition, management, hydrology and
disturbance can influence the species they support and the ecological functions they perform.
Their position within the landscape can be equally important. A habitat connected to
complementary ecological features may support movement, dispersal and ecological
exchange, while an apparently similar habitat surrounded by barriers or intensive land use may
function very differently.

This distinction becomes particularly important when biodiversity is represented through
spatial units. Habitat polygons are necessary abstractions: they allow complex landscapes to
be classified, mapped and analysed. Ecological systems, however, do not necessarily behave
according to those boundaries. Species move between habitats, water crosses mapped
features, vegetation communities transition gradually, and ecological processes operate
across edges and through networks. The mapped habitat remains important, but its ecological
significance cannot always be understood by examining the polygon in isolation.

From Ecological Assets to Ecological Relationships

A broader interpretation of biodiversity therefore requires attention to the relationships
between ecological assets as well as the assets themselves. Woodland edges can interact with
adjacent grasslands; hedgerows can connect otherwise separated habitat patches; riparian
vegetation can link terrestrial and freshwater environments; and small areas of scrub, wetland
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or semi-natural vegetation can contribute to ecological networks extending across much larger
landscapes.

This does not mean that connectivity or spatial configuration determines ecological value
independently of habitat quality. Rather, it means that ecological significance can emerge
partly from the relationship between features. A relatively small habitat may perform an
important role because of where it occurs, while a larger area of otherwise valuable habitat may
be constrained by isolation or surrounding pressures.

The implication is that biodiversity cannot always be interpreted through a simple inventory of
ecological assets. Understanding how those assets interact begins to reveal the landscape as
an ecological system rather than a collection of independently assessed components.

Condition, Structure and Function

Habitat condition provides an important dimension beyond quantity. An extensive habitat in
poor ecological condition may support fewer ecological functions than a smaller area with
appropriate management, greater structural diversity and stronger relationships with
neighbouring habitats. Condition assessment helps address this distinction, but condition itself
does not necessarily explain how a habitat contributes to the wider ecological system.

Structural characteristics can provide further insight. Variation in vegetation height, canopy
structure, ground cover, edge form and internal heterogeneity can create different ecological
opportunities within apparently similar habitat types. Greater structural complexity is not
universally preferable; appropriate structure depends upon the habitat and the ecological
outcomes being considered. Nevertheless, habitats sharing the same classification can differ
considerably in the ecological characteristics they support.

Species evidence provides another essential perspective. Habitat characteristics may indicate
the ecological opportunities that appear to exist, while species observations can provide direct
evidence of biological response. Neither should be treated as a substitute for the other.
Together with field assessment and landscape evidence, they contribute to a more complete
interpretation of ecological function.

Ecological State and Ecological Performance

These differences lead to an important distinction between ecological state and ecological
performance.

Ecological state describes characteristics that can be observed or measured at a particular
time: the habitats present, their extent, their condition, species evidence and other identifiable
attributes. Ecological performance considers how those characteristics interact within the
wider system. It asks whether ecological relationships are being maintained, whether important
functions appear supported, whether the system is vulnerable to fragmentation or pressure and
whether conditions exist for recovery.

Ecological performance is therefore not an alternative measurement of habitat. It is an
interpretation built from multiple forms of ecological evidence.
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Figure 1: Beyond Habitat Quantity
Habitat extent alone does not determine ecological performance. The configuration,
connectivity and wider landscape context of habitats influence how they function as part of an
ecological system.
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This distinction also avoids implying that ecological complexity can be captured through a
single universal indicator. Different evidence answers different questions. Habitat extent tells
us how much of a resource exists. Classification helps describe what that resource is.
Condition provides information about its current quality. Species observations provide
evidence of biological response. Spatial context helps reveal relationships with the surrounding
landscape. Repeated observations can subsequently show whether these characteristics are
changing.

The challenge is to interpret these dimensions together while retaining the ability to understand
what each contributes to the overall assessment.

From Snapshot to Trajectory

Habitat quantity also provides limited information about direction. A landscape may contain
broadly the same total area of habitat at two different points in time while undergoing
substantial ecological change. Connections may be disappearing, condition may be
deteriorating or pressures may be increasing. Alternatively, the same apparent quantity could
exist within a landscape where restoration, changed management or natural regeneration is
gradually strengthening ecological relationships.

The distinction matters because biodiversity recovery is a process rather than a fixed end state.
Newly restored habitat does not immediately acquire all the ecological characteristics of long-
established habitat, and ecological responses may continue for many years after intervention.
Similarly, the consequences of habitat loss or fragmentation may not become immediately
apparent.

Assessment of ecological performance therefore needs to recognise trajectory alongside
current state. The detailed implications of ecological change, memory and resilience are
considered later in this paper, but the underlying principle is important here: what exists today
does not necessarily reveal either where the landscape has come from or where it is
heading.

Towards a Multidimensional Understanding of Biodiversity

Moving beyond habitat quantity does not mean moving away from measurement. [t means
recognising that biodiversity is inherently multidimensional and that no single measurement
can answer every ecological question.

This has important implications for any index intended to support biodiversity decision-making.
A headline measure can assist comparison, communication and monitoring, but it should not
conceal the evidence from which it is derived. Users need to be able to understand why a result
has been reached, which characteristics are influencing it and where uncertainty or incomplete
evidence remains.

Ecological performance should therefore be interpreted as a structured view of the system
rather than a replacement for its individual components. Habitat evidence, species
observations, field assessment, spatial relationships and change through time remain valuable
in their own right. Their combined interpretation provides an additional level of understanding.

This principle provides the foundation for the TerraViso Biodiversity Index. TVBI is intended not
simply to describe how much nature a landscape contains, but to provide a structured
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framework for understanding how its ecological characteristics interact, how the wider system
is performing and how that performance may be changing.

3. The TerraViso Biodiversity Index

The TerraViso Biodiversity Index (TVBI) has been developed as a framework for interpreting
ecological performance across landscapes. It builds upon the principle established in the
preceding chapters: biodiversity cannot be understood solely through the quantity,
classification or condition of habitat present. Ecological relationships, landscape context,
resilience, recovery potential and change through time all contribute to how an ecological
system functions.

TVBI is not intended to replace established habitat classifications, ecological surveys,
condition assessments or species monitoring. Nor is it designed as an alternative regulatory or
compliance metric. These approaches provide essential evidence and answer specific
ecological or policy questions. TVBI addresses a different challenge: how can multiple forms
of ecological evidence be brought together to provide a structured understanding of the
performance of the wider ecological system?

This distinction is important because reducing biodiversity to a single score can create an
impression of equivalence or certainty that ecological evidence may not support. Two
landscapes could produce similar headline values while differing considerably in their
underlying characteristics. One might contain high-quality habitat but suffer from significant
fragmentation; another might contain habitats of more moderate current quality within a
stronger and recovering ecological network. The headline result becomes meaningful only
when the ecological evidence beneath it remains visible.

TVBI should therefore be understood as an index into ecological intelligence rather than
simply an ecological score. It provides a means of organising and interpreting complementary
dimensions of landscape performance while retaining the ability to examine those dimensions
individually. The index can support comparison and communication, but the underlying
ecological profile provides the explanation.

Five Dimensions of Ecological Performance

TVBI is structured around five interconnected dimensions: habitat quality, connectivity,
resilience, recovery potential and ecological context. These dimensions provide different
perspectives on ecological performance and are intended to be interpreted together rather than
as independent measures.

Habitat quality considers the ecological characteristics of the habitats present within the
landscape. Habitat type and condition provide important evidence, while structural
characteristics and other available information can add further context. The intention is not to
redefine established approaches to habitat assessment, but to ensure that the quality of
ecological assets remains fundamental to the wider interpretation.
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Figure 2: Five Dimensions of Ecological Performance
TVBIl interprets ecological performance through five interconnected dimensions: habitat quality,
connectivity, resilience, recovery potential and ecological context. Together, they provide
complementary perspectives on the characteristics, relationships and wider setting of the
same ecological system.
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Connectivity considers relationships between ecological features across the landscape. It
examines how habitats contribute to wider networks, where important connections may exist
and where fragmentation or barriers may constrain ecological movement and interaction.

Connectivity is not interpreted simply as distance between habitat patches; its significance
depends upon the characteristics of the habitats, the intervening landscape and the ecological
processes being considered.

Resilience considers characteristics that may influence the capacity of an ecological system
to maintain important functions in the presence of disturbance or environmental change.
Habitat condition, network structure, fragmentation, surrounding pressures and the availability
of alternative ecological opportunities may all contribute to this interpretation. Resilience
should therefore be treated as a contextual assessment supported by available evidence rather
than a prediction of how every component of an ecosystem will respond.

Recovery potential considers the characteristics and opportunities that may support
ecological improvement. Existing habitat remnants, proximity to stronger ecological networks,
opportunities to restore connections, landscape structure and evidence of recovery already
underway can all influence the future trajectory of a site. This dimension helps distinguish
between locations where ecological improvement may be possible and those where
intervention may have particular strategic significance.

Ecological context provides the wider setting within which the other dimensions are
interpreted. Habitats do not function independently of surrounding land uses, hydrology,
terrain, neighbouring habitats, environmental pressures or landscape history. Context helps
explain why apparently similar ecological assets may perform differently in different locations
and why their significance cannot always be determined from the habitat itself.

The five dimensions are necessarily related. Connectivity can influence resilience; habitat
quality can affect recovery potential; landscape context can strengthen or constrain both; and
changes to one part of an ecological network can alter conditions elsewhere. TVBI therefore
does not assume that ecological performance can be understood by treating each dimension
as an isolated variable. The relationships between them form part of the ecological intelligence
being interpreted.

A Structured Interpretation, Not a Black Box

Combining different forms of ecological evidence inevitably raises questions about how the
resulting interpretation is produced. This becomes particularly important where outputs may
contribute to planning, restoration, land management, investment or long-term environmental
decisions.

Transparency is therefore a fundamental principle of TVBI. Where a headline or comparative
measure is produced, users should be able to examine the dimensions contributing to it,
understand the evidence supporting those dimensions and identify where information is
incomplete or uncertain. A numerical output should not conceal weaknesses in the evidence
beneath it.

This also means that a TVBI assessment should be capable of developing as the evidence
improves. An initial interpretation may draw substantially upon spatial and remotely sensed
information. Subsequent field observations, species records, management information or
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monitoring may strengthen, refine or challenge that interpretation. The ecological
understanding of the landscape should therefore be capable of becoming progressively richer
rather than the first assessment being treated as definitive.

Professional ecological judgement remains fundamental within this process. Analytical
methods can identify patterns, relationships and anomalies across large volumes of spatial
information, but ecological significance requires interpretation in context. TVBI is intended to
support that judgement by making relevant evidence more accessible and relationships more
visible, not to remove professional judgement from ecological assessment.

From a Score to an Ecological Profile

A consequence of this approach is that the most informative expression of TVBI may not always
be the headline index itself. A summary value can be useful for communication, comparison
and monitoring, but the ecological profile beneath it provides the information required to
understand why that value has been reached.

Two landscapes with comparable overall TVBI results might have substantially different
profiles. One could combine strong habitat quality with weak connectivity and limited recovery
opportunities, while another might contain habitats of more moderate current quality within a
connected landscape with considerable potential for improvement. Treating those landscapes
as equivalent because their headline values are similar would obscure precisely the ecological
information that TVBI is intended to reveal.

The multidimensional profile therefore becomes central to interpretation. It can show where
ecological strengths occur, where vulnerabilities are apparent and which characteristics may
be constraining wider landscape performance. Different profiles can also imply different
management questions. Poor habitat condition may require a different response from
fragmentation, while limited recovery potential may require consideration of pressures or
constraints operating beyond the immediate site.

This illustrates the distinction between measurement and intelligence. Measurement
describes a characteristic. Intelligence places that measurement in context, relates it to other
evidence and helps explain its significance for a decision. TVBI is intended to support that
transition.

Comparison Without False Equivalence

Comparison remains an important function of an index. TVBI can provide a consistent
framework for examining differences between locations, monitoring changes within a
landscape and exploring alternative scenarios. The value of those comparisons, however,
depends upon ensuring that they remain ecologically meaningful.

A TVBI result should not imply that biodiversity is interchangeable between locations. A
particular value within an upland landscape cannot automatically be regarded as ecologically
equivalent to the same value within a lowland wetland, coastal environment or intensively
farmed landscape. Different ecological systems contain different processes, constraints and
opportunities, and interpretation must remain grounded in their environmental context.

The same principle applies to change through time. An increase in an overall index may suggest
strengthening ecological performance, but understanding the reason for that change remains
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important. Improvement arising from habitat condition is different from improvement produced
by restored connectivity, just as deterioration caused by habitat loss may require a different
response from increasing fragmentation or environmental pressure.

TVBI is therefore intended to support structured comparison rather than ecological
equivalence. It can help identify differences, trajectories and areas requiring further
investigation while preserving the contextual evidence necessary to understand what those
differences mean.

From Biodiversity Measurement to Ecological Intelligence

The wider purpose of TVBI is to help bridge the gap between ecological evidence and
environmental decision-making. Habitat maps, condition assessments, species observations,
field evidence, remote sensing and environmental datasets each provide valuable information,
but decision-makers increasingly need to understand what those sources of evidence mean
when considered together.

TVBI provides a framework for organising that interpretation around the performance of the
ecological system. It shifts attention from individual ecological assets towards the
relationships between them, from current state towards trajectory, and from describing
environmental conditions towards understanding their significance within the wider landscape.

This creates the foundation for a more decision-oriented approach to biodiversity assessment.
Rather than asking only whether one landscape has a higher or lower biodiversity value than
another, the more useful questions become why those differences exist, which ecological
characteristics are responsible, how those characteristics may be changing and what
additional evidence may be required to support a decision.

The TerraViso Biodiversity Index is therefore not intended to provide the final judgement on the
ecological value of a landscape. Its purpose is to provide a structured route into a deeper
ecological understanding.

The value of TVBI lies not in reducing biodiversity to a number, but in making the ecological
evidence behind that number more useful for decisions.

4. Biodiversity as a Dynamic System

Biodiversity assessment necessarily begins with present conditions. Environmental decisions
require an understanding of the habitats, species and ecological characteristics that exist when
an assessment is undertaken. Yet any survey, map or dataset captures only one moment within
a much longer process of ecological change.

Landscapes are continually shaped by ecological succession, disturbance, management,
hydrology, climate, species movement and human activity. Woodland develops and
restructures, grasslands respond to changes in grazing or cutting regimes, wetlands expand or
contract as hydrological conditions change, and habitat connections can strengthen or
disappear as surrounding land uses evolve. Ecological systems are therefore not fixed
arrangements of habitat parcels, but dynamic systems whose characteristics and relationships
change through time.
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This creates an important distinction between ecological state and ecological trajectory.
State describes the landscape as it can be observed today. Trajectory considers the direction in
which that landscape appears to be moving. Both matter because landscapes with apparently
similar current states may represent very different ecological processes and have very different
futures.

A fragmented habitat network, for example, may represent the residual pattern left by recent
habitat loss, with ecological processes still responding to that fragmentation. A superficially
similar pattern could occur within a recovering landscape where habitat creation, changed
management or natural regeneration is gradually strengthening relationships between
previously isolated areas. A contemporary habitat map might show comparable spatial
configurations, while their ecological meaning is fundamentally different.

Understanding trajectory therefore requires more than repeated measurement of habitat area.
It requires consideration of the processes responsible for change, the ecological
characteristics inherited from previous landscape states and the capacity of the system to
respond to future pressures.

Ecological Memory

Present-day landscapes contain evidence of their past. Ancient woodland remnants, mature
hedgerows, veteran trees, historic field boundaries, soil characteristics, seed banks,
hydrological features and fragments of semi-natural vegetation can all reflect ecological
conditions that developed over periods much longer than a contemporary assessment can
observe.

This persistence can be considered through the concept of ecological memory: the ways in
which previous ecological conditions, structures and processes continue to influence the
present system and its capacity to respond to future change. Ecological memory may be
retained within biological communities, soils, vegetation structure, hydrology and the spatial
configuration of the landscape.

This matters because ecological recovery does not necessarily begin from a blank canvas. A
degraded landscape may retain characteristics that support recovery, while another apparently
similar landscape may have lost many of the structures or processes required for recovery to
occur without substantial intervention. Conversely, the continued presence of a habitat does
not necessarily mean that all of the ecological processes that historically sustained it remain
intact.

Recognising ecological memory therefore provides additional context for interpreting both
current condition and recovery potential. It encourages consideration of what has persisted,
what has been lost and which characteristics of the existing landscape may provide
foundations for future recovery.

Historical conditions should not, however, automatically be interpreted as the only appropriate
restoration target. Landscape history provides evidence about ecological change and previous
function, but future ecosystems will also be shaped by changing environmental conditions.
Ecological memory should therefore inform understanding of trajectory rather than constrain
recovery to a fixed reconstruction of the past.
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Figure 3: Ecological State, Memory and Trajectory
Landscapes reflect both their current condition and the ecological processes that have shaped
them through time. Surviving ecological structures can retain evidence of previous states and
influence the potential direction of future recovery.
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Recognising Recovery as Well as Decline

Environmental monitoring has understandably placed considerable emphasis on identifying
habitat loss, fragmentation and deterioration. A dynamic interpretation of biodiversity must
also be capable of recognising ecological recovery.

Recovery may result from active restoration, changes in management, natural regeneration or
combinations of these processes. Hedgerows can mature and reconnect, riparian vegetation
can re-establish, wetlands can develop following hydrological restoration, grasslands can
become more structurally and botanically diverse, and woodland edges can develop greater
complexity. Individually, such changes may appear incremental; collectively, they can alter the
functioning of the wider ecological system.

Their significance may not be captured immediately by conventional measures. Newly
established habitat may initially have relatively modest condition but occupy a strategically
important location within a fragmented network. A developing wetland may require many years
to reach ecological maturity while beginning to provide hydrological or structural functions
considerably earlier. Changes in management can also create the conditions for ecological
recovery before substantial changes in species composition become detectable.

Current state and trajectory can therefore tell different stories. Assessment focused solely
upon present condition may undervalue a landscape in which recovery is becoming established
or fail to recognise vulnerability within a landscape whose current condition remains relatively
strong.

Understanding ecological performance through time requires both.

Ecological Change Is Not Necessarily Linear

Ecological recovery is rarely a smooth progression from degraded to restored condition.
Landscapes respond to seasonal variation, weather, management, disturbance and biological
processes that can produce substantial fluctuations between observations. Some
characteristics may improve while others remain unchanged or deteriorate.

This creates an important challenge for interpreting change. A difference between two
observations does not necessarily represent a persistent ecological trend. Equally, the absence
of an obvious short-term change does not demonstrate that an intervention is failing. Ecological
processes operate at different rates, and some responses may only become apparent over
much longer periods.

Trajectory therefore needs to be interpreted from accumulating evidence rather than inferred
too confidently from isolated observations. Where possible, changes should be considered in
relation to known interventions, management and environmental pressures, while differences
in the timing, resolution and quality of evidence should remain visible.

This is particularly important where remotely sensed information allows landscapes to be
observed more frequently. Greater temporal resolution can reveal patterns that occasional
surveys may not capture, but frequency of observation should not be confused with certainty of
ecological interpretation. Field evidence and professional judgement remain important in
determining what observed changes mean.
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The objective is to distinguish variation from direction: to understand whether the ecological
system appears to be following a persistent trajectory and what evidence supports that
interpretation.

From Baseline to Developing Evidence Record

Environmental baselines remain essential. Without an established starting point, it becomes
difficult to demonstrate change or assess the consequences of intervention. A baseline should,
however, be regarded as the beginning of an ecological evidence record rather than a definitive
description of a system.

As new observations become available, understanding can develop. Monitoring may show that
an intervention is succeeding more quickly than anticipated, that expected recovery has not
occurred or that pressures elsewhere in the landscape are constraining progress. Species
evidence may reveal responses that are not apparent from habitat information alone, while
changes in management or surrounding land use may alter the context in which the original
baseline was interpreted.

Rather than replacing earlier assessments, subsequent observations can add to an
accumulating ecological history. This makes it possible to examine not only what has changed,
but how the interpretation of the landscape itself has developed as additional evidence
becomes available.

Within TVBI, temporal evidence should therefore do more than demonstrate movementin a
headline index. Its greater value lies in understanding which dimensions of ecological
performance are changing, what may be driving that change and what the resulting
trajectory implies for the wider ecological system.

This creates the basis for adaptive management explored later in this paper. Evidence informs
intervention; intervention changes the landscape; monitoring provides new evidence; and that
evidence can influence subsequent decisions. The baseline becomes the starting point for
learning rather than a fixed reference against which every future landscape is expected to
conform.

For TVBI, ecological performance is consequently both spatial and temporal. The questionis
not simply how a landscape performs today, but how that performance is changing and
what its trajectory reveals about the ecological system that may exist tomorrow.

5. Ecological Context and Landscape
Relationships

Ecological assessment requires boundaries. Development sites, landholdings, restoration
areas and conservation projects need defined spatial extents within which evidence can be
collected, analysed and reported. These boundaries are necessary for decision-making, but
they rarely correspond with the boundaries within which ecological processes operate.

Water moves through catchments. Species move between habitats. Seeds and propagules
disperse across land ownerships. Ecological pressures originating outside a site can influence
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conditions within it, while interventions undertaken within a site can create effects extending
beyond it. Habitats themselves may form part of networks operating across much larger areas.

Understanding the ecological significance of a site therefore requires consideration of both the
features within its boundary and its relationship with the surrounding landscape.

This principle is central to ecological context. A habitat does not derive its significance solely
from its intrinsic characteristics. Its location, neighbouring habitats, surrounding land uses,
physical connections and position within wider ecological networks can all influence the
functions it performs. The same habitat type, in similar condition and of similar extent, can
consequently have different ecological significance in different landscapes.

A small woodland, for example, may appear relatively modest when assessed by area alone. If
it lies between two larger woodland complexes and connects with mature hedgerows and
riparian vegetation, it may form an important component of a wider ecological network. Another
woodland of equivalent size and condition could be surrounded by intensive land use and
major infrastructure, giving it a very different ecological context.

Neither observation changes what the woodland is. It changes our understanding of what role
that woodland may perform within the wider landscape.

The Landscape Beyond the Site

Project and ownership boundaries can create an understandable tendency to focus ecological
assessment on the area within which a decision can directly be made. Yet the ecological
system relevant to that decision may extend considerably further.

A restoration project may strengthen a habitat connection extending through neighbouring land.
Woodland creation may alter the relationship between existing habitat networks. Wetland
restoration can influence hydrological and ecological processes elsewhere within a catchment.
Conversely, pressures outside a project boundary may limit the ecological outcomes
achievable within it.

The ecological potential of a site therefore cannot always be determined from the site itself.

This does not mean that every assessment requires analysis of an arbitrarily large surrounding
area. The appropriate spatial context depends upon the ecological question. Understanding an
immediate habitat connection may require detailed examination of neighbouring land, while
catchment processes, species movement or strategic nature recovery may require
consideration of much larger areas.

There is therefore no single universal landscape scale. The relevant scale emerges from the
ecological relationships being investigated.

This has important implications for site-based environmental decision-making. A site can
simultaneously be a distinct project area and part of several larger ecological systems. Its
woodland may participate in one network, its watercourses in another and particular species
may interact with the landscape at entirely different scales.

Landscape context therefore provides a way of asking not simply what lies within the boundary,
but what ecological system this site forms part of.

17|Page



TERRAVISO

Figure 4: The Landscape Beyond the Site
Project and ownership boundaries define where decisions are made, but ecological processes
and relationships extend beyond them. Understanding a site's significance therefore requires
consideration of the wider landscape system of which it forms part.
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Networks, Corridors and Stepping Stones

Ecological networks can be formed through many different landscape elements. Large areas of
semi-natural habitat may provide important ecological cores, while smaller features such as
hedgerows, field margins, ponds, scrub, riparian vegetation and small woodland patches can
contribute relationships between them.

Their significance often depends upon their position within the network.

A small habitat patch between larger areas may provide a stepping stone through an otherwise
fragmented landscape. A relatively short section of hedgerow may close a gap within a much
longer connection. Riparian vegetation may provide continuity through landscapes dominated
by agriculture or development.

This means that ecological significance is not necessarily proportional to habitat area.

Conversely, the presence of substantial habitat does not guarantee a functioning ecological
network. Connections may be interrupted by roads, development, intensive management,
artificial lighting, altered hydrology or other pressures. The landscape between habitat features
can therefore be as important to ecological interpretation as the features themselves.

These relationships also demonstrate why connectivity should not be reduced to simple
geometric proximity. Two habitats may be physically close while functionally separated by the
character of the intervening landscape. More distant features may remain connected through a
sequence of suitable habitats or permeable landscape elements.

TVBI uses this wider spatial context to help identify where ecological relationships may be
important, where fragmentation appears to constrain the system and where additional
ecological evidence may be required to understand whether apparent structural relationships
are functionally meaningful.

Edges, Transitions and Ecotones

Landscape relationships are not confined to connections between discrete habitat patches.
They also occur at the boundaries between habitats.

Spatial datasets necessarily represent many of these boundaries as lines because
classification requires one habitat to be distinguished from another. Ecologically, however,
boundaries can be gradual, irregular and dynamic. Woodland may transition through scrub into
grassland; wetland characteristics can vary across hydrological gradients; river margins can
connect aquatic and terrestrial systems; and vegetation communities can overlap across
transitional areas. These transitions, or ecotones, can contain characteristics associated with
both adjoining systems and may contribute significant ecological complexity.

Edges can also create vulnerability. A small woodland surrounded by intensive agriculture may
experience environmental pressures across a substantial proportion of its area. Development,
artificial lighting, disturbance, pollution or altered hydrology can similarly affect habitats
beyond the mapped boundary of the activity responsible.

The geometry of a habitat can therefore influence its ecological performance. Two habitats of
equivalent area may have very different proportions of core and edge environment depending
upon their shape, fragmentation and relationship with surrounding land uses.

19|Page



RO L8
TERRAVISO

High-resolution spatial evidence can help reveal these patterns, but their ecological
significance remains dependent upon habitat type, condition and field context. The important
principle is that ecological relationships do not stop at the line used to classify a habitat on
a map.

Structural and Functional Connectivity

Spatial analysis is particularly powerful for understanding structural connectivity: the physical
arrangement of habitats and landscape features, their proximity, apparent connections and the
location of gaps or barriers.

Functional connectivity asks a more difficult question: whether that landscape structure
actually enables ecological movement and interaction.

The distinction matters because a feature that provides effective connectivity for one species or
ecological process may provide little for another. A mature hedgerow may be important for
some organisms while offering limited connectivity for species dependent upon open habitat. A
river can provide a continuous ecological corridor while simultaneously containing barriers
affecting aquatic movement. Agricultural land, urban greenspace and roadside vegetation can
vary greatly in permeability depending upon their characteristics and management.

Structural evidence can therefore reveal potential connectivity, but ecological interpretation is
required to understand its likely function.

Species evidence can be particularly valuable here. Observations of movement, distribution or
use of apparently connected habitats can help test whether spatially identified relationships
are functioning as expected. Field evidence and professional knowledge can similarly identify
barriers or opportunities that are difficult to infer from spatial data alone.

TVBI should therefore not present connectivity as a universal statement that a landscape is
either connected or disconnected. It provides a structured means of examining the spatial
relationships that may support or constrain ecological function and identifying where additional
evidence is needed.

Context Changes Ecological Significance

The importance of landscape relationships has consequences for how ecological value is
interpreted.

This does not mean that a habitat becomes valuable only because it is connected or
strategically located. High-quality habitat remains important in its own right, and isolated
habitats may contain considerable ecological significance. Nor should landscape context be
used to diminish the importance of habitats that do not occupy an obvious network position.

Rather, context provides additional information about ecological role.

A habitat positioned between two larger ecological networks may contribute to landscape
function in a way that would not be apparent from its area or condition alone. A degraded
habitat adjacent to an established ecological network may have recovery opportunities
different from those of a superficially similar habitat within a highly fragmented landscape. An
existing high-quality habitat may be particularly vulnerable because changes elsewhere
threaten the relationships upon which some of its ecological functions depend.
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Context can therefore alter the interpretation of both ecological strengths and vulnerabilities.

This is why TVBI considers ecological context alongside habitat quality, connectivity, resilience
and recovery potential. The dimensions interact. Landscape context can strengthen or
constrain connectivity; connectivity can influence resilience; existing ecological networks can
affect recovery potential; and changes within one part of the landscape can alter the contextin
which neighbouring habitats function.

The objective is not to create another measure of habitat value. It is to understand the
ecological relationships that conventional site-based measures may not fully reveal.

From Site Evidence to Landscape Intelligence

Bringing ecological context into biodiversity assessment changes the questions that can be
asked.

Instead of considering only the habitats contained within a site, assessment can begin to
examine how that site participates in a wider ecological system. Where are the strongest
relationships? Where does fragmentation interrupt them? Which apparently modest features
occupy strategically important positions? Where do pressures outside the site influence
ecological performance within it? Which relationships require additional field or species
evidence before their significance can be understood?

These are not questions that spatial analysis can answer independently of ecology. Nor can
every ecological relationship be inferred from remotely sensed or mapped data. Field evidence,
species knowledge, local understanding and professional judgement remain essential.

The value of landscape intelligence lies in bringing these sources of evidence into a spatial
context where relationships that might otherwise be difficult to recognise can be examined
systematically.

For TerraViso, this represents an important transition from site-based description to
landscape-scale ecological intelligence.

The site remains important because it is frequently where the decision will be made. Butitis no
longer treated as an ecologicalisland.

Once that wider system becomes visible, another question naturally follows:

If an intervention is possible within this site, how might that intervention affect the
functioning of the wider landscape?

That is the point at which ecological understanding begins to become decision intelligence.

6. From Monitoring to Decision Intelligence

Environmental monitoring provides essential evidence about ecological condition and change.
It allows organisations to establish baselines, identify trends, assess the effects of
management and determine whether interventions are producing their intended outcomes. As
environmental commitments become increasingly measurable and long-term, the importance
of consistent and credible monitoring will continue to grow.
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Monitoring, however, primarily tells us what has happened or what is happening. Many of the
most consequential environmental decisions need to be made before those outcomes are
known. Land managers must decide where restoration should occur. Conservation
organisations need to prioritise limited resources. Planners and infrastructure designers need
to understand which ecological relationships should be protected or strengthened. Investors
increasingly need to understand where environmental interventions have a credible ecological
rationale.

The challenge is therefore not only to improve the evidence available after intervention, but to
use ecological evidence more effectively before decisions are made.

This is the transition from monitoring to decision intelligence.

Decision intelligence does not imply that ecological decisions can be automated or reduced to
an optimisation problem. Environmental decisions involve uncertainty, competing objectives,
practical constraints, professional judgement and social and economic considerations that
cannot be resolved through ecological analysis alone. Its purpose is instead to make the
ecological consequences of different choices more visible, allowing those choices to be
considered against a stronger and more transparent evidence base.

For TVBI, this means moving beyond assessment of current ecological performance towards
understanding what that evidence means for potential action. The same framework used to
identify strengths, vulnerabilities and relationships within the existing landscape can provide a
basis for considering where change may be most valuable and how alternative interventions
could influence the wider ecological system.

From Opportunity to Priority

Nature recovery resources are finite. Land, finance, professional capacity and time place
practical limits on what can be delivered, making prioritisation unavoidable. The relevant
question is therefore rarely whether ecological improvement is desirable, but where particular
interventions are most likely to make a meaningful contribution.

There is an important distinction between an ecological opportunity and an ecological priority.

An opportunity identifies somewhere improvement could occur. A priority considers the
significance of that opportunity within the wider ecological system and in relation to the
objectives being pursued.

A field may offer physical opportunities for habitat creation. A degraded riparian corridor may
be capable of restoration. A gap within a hedgerow network may be straightforward to
reconnect. Each represents an opportunity, but their ecological implications may differ
considerably.

Creating or enhancing habitat alongside an established network may strengthen a connection
that is already functioning. Restoring a relatively small area between isolated habitat blocks
may reduce fragmentation across a much larger landscape. Improving management around an
existing high-quality habitat may reduce pressures currently limiting its resilience.

In each case, the strategic significance of the intervention emerges partly from its relationship
with the wider system.
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Figure 5: From Ecological Opportunity to Priority
Many locations may offer opportunities for ecological improvement, but their strategic
significance depends partly on their relationship with the wider landscape. Relatively modest
interventions can have wider implications where they strengthen important ecological
connections or address fragmentation.
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Areas of poor ecological performance should not therefore automatically become the highest
priorities for intervention, just as areas of relatively strong performance should not
automatically be excluded. In some circumstances, strengthening an existing ecological
network may provide greater long-term benefit than attempting to restore a severely degraded
and isolated area. Elsewhere, intervention within a fragmented landscape may provide the
missing connection required to support wider recovery.

TVBI does not prescribe a universal hierarchy of intervention. It provides evidence that can help
explain why one opportunity may have different ecological implications from another.

Comparing Alternative Futures

Environmental decisions frequently involve choices between plausible alternatives.

A site might support grassland enhancement, woodland expansion, wetland creation,
hedgerow restoration or changes in management. A development could accommodate green
infrastructure in several configurations. A landscape recovery programme may have different
options for connecting habitats or allocating limited restoration resources.

Waiting until implementation to understand the ecological implications of those alternatives
limits the opportunity to improve the decision.

Scenario analysis instead allows potential changes to be explored before commitments are
made. Within the TVBI framework, alternative interventions can be considered in relation to
habitat quality, connectivity, resilience, recovery potential and ecological context.

This does not mean predicting future biodiversity with certainty. Ecological systems are too
complex, and future environmental conditions too uncertain, for scenarios to be interpreted as
guarantees.

Their value lies in structured comparison.

If one intervention strengthens an existing ecological connection while another creates a more
isolated habitat area, that difference can inform the decision even if the precise future
ecological outcomes cannot be predicted. If several alternatives deliver similar amounts of
habitat but differ substantially in their relationship with the surrounding landscape, scenario
comparison can expose a distinction that habitat quantity alone would not reveal.

The question consequently changes from:
How much habitat could this option create?
to:

How might this option change the functioning of the landscape?

Making Trade-offs Visible

There is rarely a single environmentally optimal solution independent of context.

Land may need to support agriculture, development, infrastructure, recreation, access, water
management or other functions alongside biodiversity. Environmental objectives can
themselves compete for space, and an intervention that strengthens one ecological
characteristic may create consequences for another.

24|Page



RO L8
TERRAVISO

A proposal maximising habitat area may not provide the strongest connectivity. An intervention
with considerable long-term recovery potential may take longer to produce measurable
outcomes than enhancement of existing habitat. A strategically important ecological
connection may occur where intervention is particularly difficult or expensive to deliver.

Decision intelligence should make these trade-offs visible rather than conceal them within a
single supposedly optimal answer.

The appropriate choice depends partly upon the objectives, constraints and timescale of the
decision. A conservation organisation managing land over decades may reasonably make
different choices from a development project operating within a defined regulatory framework.
A land manager may need to balance ecological opportunity with productive use, while an
infrastructure project may need to consider ecological relationships alongside engineering,
safety and operational requirements.

Ecological intelligence therefore contributes one essential perspective within a wider decision
process. It does not determine those wider priorities on behalf of the decision-maker.

This is important to the role of TVBI. The framework can help reveal the ecological implications
of alternative choices without claiming that ecological evidence alone determines which choice
should ultimately be made.

Decision-Making Under Uncertainty

Every ecological decision is made with incomplete knowledge.

Habitat boundaries can be transitional. Species records may be sparse. Future management
may change. Ecological responses can differ from those anticipated. Weather and disturbance
introduce variability, while longer-term environmental change creates uncertainty about the
conditions within which current interventions will eventually mature.

The appropriate response is not to remove uncertainty from the analysis, but to make it visible.

A decision-support framework should distinguish between direct observation, analytical
interpretation and assumptions about future outcomes. Where field verification is required, this
should be apparent. Where an interpretation depends strongly upon assumptions about
management or ecological response, those assumptions should remain accessible.

This becomes particularly important when comparing scenarios. A highly precise numerical
result can imply a level of certainty that the underlying evidence does not justify. A small
apparent difference between alternatives may therefore be less significant than the confidence
attached to that difference.

Uncertainty can itself become useful decision information. It can reveal where additional
survey would materially improve a decision, where an intervention depends upon assumptions
requiring monitoring or where several alternatives cannot reasonably be distinguished on the
available ecological evidence.

Professional judgement remains central. Ecologists can determine whether analytical results
are plausible, recognise relationships inadequately represented in available data and identify
where additional evidence is required.
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Decision intelligence should support that judgement by exposing evidence and assumptions,
not attempt to replace it.

Prioritisation Before Verification

The increasing emphasis on environmental monitoring, reporting and verification is necessary.
Organisations need confidence that commitments have been delivered, environmental
investment has produced genuine outcomes and ecological claims are supported by credible
evidence.

Yet verification occurs largely after resources have been committed and interventions
implemented.

There is an equally important question earlier in the process:
Was the right intervention chosen in the right place?

Rigorous verification cannot fully compensate for weak initial prioritisation. An intervention may
be delivered exactly as specified and monitored successfully while still representing a relatively
weak ecological opportunity compared with alternatives elsewhere in the landscape.

Conversely, understanding ecological relationships before implementation can help direct
resources towards interventions with a stronger ecological rationale.

Prioritisation and verification should therefore be viewed as complementary parts of the same
evidence process. Decision intelligence helps strengthen the evidence used to determine what
should be done. Monitoring and verification subsequently establish what happened and
whether the expected ecological outcomes are emerging.

This distinction has growing significance as private finance becomes more involved in nature
recovery and natural capital. Credible monitoring of environmental outcomes is essential, but
long-term integrity also depends upon confidence that investment was directed towards
interventions capable of producing meaningful ecological benefit in the first place.

The question is therefore not only whether the outcome can be verified, but whether there was
a defensible ecological reason for investing there in the first place.

Keeping the Reasoning Visible

As environmental decisions become supported by increasingly sophisticated spatial analysis,
modelling and Al-assisted methods, there is a risk that recommendations become separated
from the reasoning that produced them.

A map identifying priority locations can appear authoritative without explaining why those areas
were selected. A scenario can produce a numerical comparison without revealing which
assumptions influenced the result. An index can indicate improvement without showing which
ecological characteristics changed.

Decision intelligence should operate differently.

If a location is identified as a priority, it should be possible to examine the evidence supporting
that interpretation. If one scenario appears stronger than another, users should be able to
understand which ecological relationships account for the difference. Where evidence is
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incomplete or professional judgement has materially influenced interpretation, that should
remain visible.

This is particularly important because different users may legitimately make different decisions
from the same ecological evidence. A conservation organisation, landowner, planner and
investor can share an understanding of ecological conditions while applying different objectives
and constraints.

Transparency allows the ecological reasoning to remain consistent even when the resulting
decisions differ.

For TVBI, the objective is therefore not simply to produce recommendations. It is to create a
traceable relationship between evidence, interpretation and decision.

From Intelligence to Action

The transition from monitoring to decision intelligence changes the role of biodiversity
evidence.

Instead of entering the process primarily after decisions have been made, ecological evidence
can contribute earlier: identifying relationships, revealing vulnerabilities, comparing
alternatives and helping determine where intervention could make the greatest difference.

This does not eliminate the need for monitoring. It strengthens its purpose.

Once anintervention is implemented, monitoring can test whether the assumptions made
during planning were reasonable and whether the expected ecological changes are emerging.
Those observations can then inform subsequent management and future decisions.

Decision intelligence and monitoring therefore form parts of the same cycle:
Understand > Prioritise > Compare > Decide > Intervene > Monitor > Learn

The detailed monitoring and learning process is considered later in this paper. The important
principle here is that biodiversity evidence should not simply document the consequences of
decisions.

It should help improve the decisions themselves.

For TerraViso, this is the point at which ecological intelligence becomes operational: not by
making ecological decisions automatically, but by making the evidence, relationships,
alternatives and uncertainties behind those decisions clearer.

7. Building the Evidence Base

Ecological intelligence depends upon evidence, but no single source of environmental
information can provide a complete representation of how a landscape functions. Habitat
mapping, field survey, species observations, Earth observation, aerial imagery and authoritative
environmental datasets each reveal different characteristics of ecological systems. Their value
lies not only in their individual contribution, but in the ability to interpret them together.
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This is particularly important for TVBI because the dimensions of ecological performance
described in this paper cannot all be observed in the same way. Habitat quality requires
evidence about the characteristics and condition of habitats. Connectivity depends upon
understanding relationships extending between ecological features and across the wider
landscape. Resilience and recovery potential require interpretation of structure, pressures,
environmental context and change through time. Species evidence can reveal biological
responses that cannot reliably be inferred from habitat information alone.

The objective is therefore not to identify a single definitive biodiversity dataset. It is to build an
evidence base in which different sources contribute to a progressively richer understanding of
the ecological system.

This requires more than data integration. Evidence differs in scale, resolution, age, provenance,
uncertainty and ecological meaning. Some characteristics can be observed directly; others
must be interpreted from combinations of evidence. Understanding these distinctions is
fundamental if ecological intelligence is to remain transparent and defensible.

Spatial Evidence and the Landscape View

Spatial information provides the geographical framework within which ecological evidence can
be interpreted. Habitat datasets, land cover, topography, hydrology, soils, protected areas and
other authoritative environmental information can establish important characteristics of a
landscape and the relationships between them.

Their value extends beyond displaying features on a map. Once information is brought together
spatially, it becomes possible to examine proximity, configuration, fragmentation,
environmental gradients and relationships operating across different scales. A habitat can be
interpreted in relation to neighbouring habitats, watercourses, terrain, surrounding land use
and wider ecological networks rather than considered as an isolated feature.

This wider perspective is particularly important when assessing ecological context. A project
boundary defines an area of interest, but it does not necessarily define the ecological system
relevant to the decision. Spatial evidence allows the site to be considered within progressively
wider contexts and can reveal relationships extending beyond administrative, ownership or
project boundaries.

Scale remains important. National datasets can provide consistency and strategic context,
while higher-resolution information may reveal local features and relationships not represented
at broader scales. Neither is inherently superior. Their suitability depends upon the ecological
question being asked.

The objective is therefore to use spatial evidence at scales appropriate to the processes being
investigated rather than assuming that a single dataset can provide every level of ecological
understanding.

Earth Observation and High-Resolution Landscape Evidence

Earth observation has transformed the ability to observe environmental conditions repeatedly
and consistently across large areas. Satellite imagery can provide evidence of vegetation
patterns, land-cover change, seasonal variation and landscape dynamics that would be
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difficult to obtain through field survey alone. Repeated observations also create opportunities
to examine change through time rather than relying exclusively on isolated assessments.

High-resolution aerial information provides a complementary perspective. At appropriate
spatial resolution, features such as hedgerows, woodland structure, field margins, scrub,
riparian vegetation, small water bodies and variation within larger habitat areas can become
visible in considerably greater detail. Where multispectral or elevation information is available,
additional characteristics of vegetation and landscape structure can also be examined.

These forms of evidence are particularly valuable because ecological patterns operate across
different scales. Satellite observations may reveal broader landscape change and temporal
patterns, while high-resolution aerial evidence can support detailed interpretation of individual
sites and habitat relationships.

Remote sensing nevertheless has important limits.

An image records characteristics detectable by the sensor; it does not directly observe
ecological significance. Similar spectral or structural patterns can represent different
ecological conditions, while characteristics such as floristic composition, management history,
species use and some aspects of habitat condition may require field evidence.

Earth observation should therefore be understood as a powerful source of ecological evidence
rather than a substitute for ecological assessment.

Field Evidence and Professional Ecological Judgement

Field evidence remains fundamental to ecological understanding. Ecologists can observe
characteristics that cannot reliably be interpreted from remotely sensed or existing spatial
information, including floristic composition, habitat condition, evidence of management and
disturbance, species use and ecological relationships that may only become apparent on the
ground.

Field assessment can also test and improve spatialinterpretation. Where analytical
approaches identify potential habitat patterns, ecological relationships or areas of uncertainty,
targeted field investigation can determine whether those interpretations are meaningful.
Conversely, observations made in the field can improve subsequent spatial analysis and help
identify characteristics requiring further investigation.

This creates a relationship between field ecology and spatial intelligence that should be
complementary rather than substitutive.

Large volumes of spatial information can help ecologists understand landscape context,
identify patterns and direct attention towards locations where additional evidence may be
valuable. Ecological expertise can then interpret those patterns, challenge assumptions and
determine their significance for the decision being considered.

Professional judgement becomes particularly important where ecological evidence is
incomplete or ambiguous. Habitat boundaries may be transitional, management history
uncertain and analytical evidence capable of supporting more than one reasonable
interpretation.

Good ecological intelligence should make these uncertainties visible and support professional
judgement rather than present analytical interpretation as ecological fact.
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Species Evidence and Ecological Response

Species evidence provides a particularly important dimension because it can demonstrate
biological response more directly.

Habitat characteristics may indicate that conditions appear suitable for particular ecological
functions, but evidence of species presence, abundance, distribution or movement can provide
additional information about how those conditions are actually being used.

Species observations can therefore complement habitat and landscape assessment in several
ways. They may help validate the significance of ecological networks, identify locations of
particular importance, reveal responses to restoration and provide evidence about whether
changes in habitat characteristics are translating into biological outcomes.

Interpretation nevertheless requires care. Species detectability varies, records can be spatially
and temporally uneven, absence of a record does not necessarily demonstrate absence of a
species, and populations may be influenced by processes operating well beyond the
immediate assessment area. Different species also experience the same landscape at very
different spatial scales.

Species evidence should therefore not be treated either as an alternative to habitat intelligence
or simply as a validation layer applied at the end of an assessment.

The relationship is more useful when considered in both directions. Habitat and landscape
evidence can help explain why species may be responding in particular ways, while species
observations can test assumptions about whether apparently suitable ecological structures are
functioning in practice.

This becomes especially important when assessing recovery. Improvements in habitat
condition or connectivity may occur before measurable species responses become apparent,
while changes in species can sometimes reveal ecological processes that habitat measures
alone fail to capture.

Understanding biodiversity recovery therefore benefits from bringing habitat, landscape and
species evidence together, rather than asking any one of them to provide the complete
answer.

Landscape History and Local Knowledge

Not all relevant ecological evidence exists within contemporary formal datasets.

Historical mapping, archived aerial imagery and previous environmental surveys can provide
valuable information about how a landscape has changed. Land managers, conservation
organisations and people with long-term knowledge of a place may also hold information about
previous land use, management changes, hydrological conditions, disturbance and species
observations that is not represented elsewhere.

Such evidence can be particularly valuable when interpreting ecological memory and
trajectory. Contemporary imagery may reveal the present structure of a landscape, while
historical evidence can show whether those characteristics are persistent, recently created or
remnants of a previously more extensive ecological system.
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Local knowledge can add context by helping explain why particular changes occurred, when
management practices altered or where ecological characteristics existed that are no longer
readily visible.

These sources require evaluation just as formal datasets do. Historical information may have
been collected for different purposes, local observations may vary in precision and records can
be incomplete. Their value lies in contributing additional evidence that can be considered
alongside other sources rather than being accepted or rejected simply because of their origin.

Including landscape history also helps avoid interpreting contemporary ecological patterns as if
they developed solely under current conditions. Present-day fragmentation, vegetation
structure or hydrology may reflect decisions made decades earlier, while recovery potential
may depend partly upon ecological characteristics that have persisted despite subsequent
change.

Al-Assisted Ecological Analysis

The increasing volume and complexity of environmental information creates opportunities for
computational and Al-assisted analysis. These approaches can help identify patterns within
imagery, compare landscape characteristics, detect change and examine spatial relationships
across volumes of evidence that would be difficult to assess manually at equivalent scale.

Within TerraViso, the purpose of Al-assisted analysis is not to replace ecological expertise or
create autonomous ecological decisions. Its role is to support interpretation by identifying
patterns, similarities, relationships and potential anomalies that can then be considered
alongside other ecological evidence.

TerraViso's approach to identifying and comparing ecological characteristics within high-
resolution landscape data is explored in detail through Ecological Fingerprinting Intelligence
(EFI)™in the second TerraViso white paper. The methodology is not repeated here. Within TVBI,
the relevant principle is that such analytical evidence can contribute to the wider interpretation
of ecological performance alongside habitat, spatial, field and species evidence.

The distinction between analytical output and ecological interpretation remains fundamental.

A computational system may identify similarity between landscape features, but ecological
similarity is not necessarily ecological equivalence. It may identify an apparent habitat
connection, but determining whether that connection is functionally meaningful can depend
upon species, condition and local circumstances. It may detect change between observations
without establishing whether that change represents degradation, management, seasonal
variation or ecological recovery.

Al-assisted ecological intelligence must therefore remain connected to its evidence and open
to professional scrutiny.

Where analytical interpretation is uncertain, that uncertainty should remain visible. Where field
verification is required, it should be possible to understand why. Where professional judgement
modifies an interpretation, that decision should form part of the evidence record rather than
become an undocumented override.

Technology can consequently extend ecological capability without displacing ecological
expertise.
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Provenance, Traceability and Confidence

As environmental evidence becomes increasingly important to planning, investment, reporting
and long-term management, understanding where that evidence came from becomes critical.

A biodiversity assessment is more defensible when its underlying datasets, observations,
analytical steps and professional interpretations can be traced.

Provenance begins with the evidence itself. The source, date, scale, resolution and known
limitations of datasets should be retained where they materially affect interpretation. Field
evidence should record when and how observations were made. Analytical outputs should
remain connected to the information and methods from which they were derived.

Traceability carries this principle into interpretation and decision-making.

If an area is identified as ecologically significant or as a potential priority for intervention, it
should be possible to understand which evidence contributed to that interpretation. If a
subsequent assessment reaches a different conclusion, the evidence record should help
distinguish genuine ecological change from differences in data, methodology or professional
interpretation.

Confidence is equally important because different components of an assessment may be
supported by different strengths of evidence.

A habitat interpretation confirmed through recent field survey may carry a different level of
confidence from one inferred predominantly from remotely sensed information. A potential
ecological connection may be strongly supported structurally while its functional significance
remains uncertain. Historical evidence may indicate previous conditions without establishing
whether the associated ecological processes remain active.

Representing these differences honestly is preferable to creating false precision.

Decision-makers need to understand not only what the evidence suggests, but how strongly it
supports that interpretation and where additional information could materially change the
conclusion.

For TVBI, provenance, traceability and confidence are therefore not secondary technical
considerations. They are fundamental to the credibility of ecological intelligence.

A decision is only as defensible as the evidence and reasoning that can be traced behind it.

From Data Integration to Evidence Integration

Bringing multiple environmental datasets together is increasingly straightforward technically.
The more difficult challenge is determining what those datasets mean when interpreted
collectively.

This distinction separates data integration from evidence integration.

Data integration makes information available within the same analytical environment. Evidence
integration considers the relevance, scale, quality, uncertainty and ecological meaning of that
information and determines how different sources contribute to an interpretation.
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Figure 6: Building Ecological Intelligence from Evidence
TVBI draws upon complementary sources of evidence, including Earth observation,
environmental and spatial data, habitat and field assessment, species observations and
landscape history. Their value lies not simply in combining datasets, but in interpreting them
together within their ecological context.
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More data does not necessarily produce better ecological intelligence. Adding additional
datasets can introduce conflicting evidence, inconsistent scales and new uncertainties as
readily as it can improve understanding. The objective should therefore not be to accumulate
every available environmental dataset, but to identify the evidence relevant to the ecological
question and retain sufficient transparency to understand how it contributes to the result.

This also creates an important role for evidence gaps. An absence of appropriate evidence
should not automatically be filled through increasingly complex inference. In some
circumstances, the most useful analytical outcome may be to identify that a question cannot
yet be answered confidently and that additional survey, monitoring or specialist interpretation
is required.

TVBI should therefore develop as an evidence framework capable of distinguishing between
what is known, what can reasonably be inferred and what still needs to be established.

That distinction is fundamental if ecological intelligence is to support credible decisions.

8. Applying TVBI

The TerraViso Biodiversity Index has been developed as a framework for understanding
ecological performance rather than as a methodology tied to a single regulatory process,
environmental market or land-use sector.

This distinction is important because apparently different environmental decisions often share
a common underlying requirement. A conservation organisation planning restoration, a land
manager considering changes in management, a developer assessing ecological constraints
and an investor evaluating a nature project may have very different objectives, but each needs
credible evidence about the ecological system within which the decision will be made.

TVBI provides a consistent framework through which that evidence can be interpreted. Habitat
quality, connectivity, resilience, recovery potential and ecological context remain relevant
across applications, while the purpose for which that intelligence is used can vary
considerably.

The intention is therefore not to create a different biodiversity methodology for every
application. It is to provide a common ecological intelligence layer capable of supporting
different forms of decision-making while retaining the evidence, context and professional
interpretation appropriate to each.

Nature Recovery and Restoration

Nature recovery provides one of the clearest applications of ecological performance because
restoration decisions involve more than identifying where environmental improvement is
possible. They also require consideration of what should be restored, where intervention may
have greatest significance and how individual actions contribute to recovery across the wider
landscape.

TVBI can help distinguish between the presence of a restoration opportunity and its potential
strategic importance.
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Afield may be capable of grassland enhancement, a riparian area may offer opportunities for
wetland restoration, or fragmented hedgerows may be physically straightforward to reconnect.
Landscape intelligence adds another question: what would each intervention contribute to
the ecological system around it?

This may reveal opportunities to reinforce existing networks, reconnect fragmented habitat,
expand areas of stronger ecological function or reduce pressures affecting vulnerable features.
It may also identify places where natural recovery is already occurring and where relatively
limited intervention could support that trajectory.

Importantly, restoration does not necessarily imply creating a predetermined habitat. In some
circumstances, changed management, removal of pressures or assisted natural regeneration
may provide an appropriate route to recovery. Ecological history, existing landscape structure
and future environmental conditions can all influence what is achievable and desirable.

TVBI can support this process by helping compare restoration opportunities within their wider
context rather than assessing them solely according to the amount of habitat that could be
created.

Working Landscapes

Many opportunities for biodiversity recovery occur within landscapes that must continue to
perform other functions. Agriculture, forestry, estates, water catchments, infrastructure
corridors and urban fringes cannot necessarily be managed exclusively for biodiversity, nor
would doing so always produce desirable environmental or social outcomes.

The relevant question is therefore not simply how much land can be allocated to nature, but
how ecological function can be strengthened within a working landscape.

Field margins, hedgerows, riparian areas, woodland edges, ponds, less productive land and
transitional habitats may all contribute to wider ecological networks. Their value can depend as
much upon configuration and management as upon their individual area.

Landscape intelligence can help identify where biodiversity objectives may be integrated with
existing land uses, where relatively modest changes could strengthen ecological relationships
and where protecting an existing feature may be more significant than creating new habitat
elsewhere.

This creates the potential for ecological evidence to become part of routine land-management
strategy rather than being considered only when a specific environmental project or regulatory
requirement arises.

Development and Infrastructure

Development and infrastructure decisions operate within established ecological assessment,
planning and regulatory processes. TVBI is not intended to replace those processes.

Its contribution is to provide additional landscape context around them.

A site may contain habitat features whose sighificance becomes clearer when their relationship
with the surrounding landscape is understood. An apparently modest feature may connect
larger ecological areas, while impacts within the project boundary may affect networks or
processes extending beyond it.
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Bringing this evidence into the process early creates an opportunity for ecological
understanding to influence design rather than simply assess a design once major decisions
have already been made.

Alternative layouts may retain similar quantities of habitat while producing different
consequences for connectivity, fragmentation or ecological context. Landscape intelligence
can help make those differences visible and support consideration of options that avoid
important relationships, reduce ecological disruption or create stronger opportunities for
enhancement.

This principle can be particularly relevant to linear infrastructure. Roads, railways, energy and
utility networks interact with landscapes across considerable distances and can create both
barriers and opportunities for ecological connection. Site-by-site assessment may not always
reveal those wider relationships.

TVBI therefore complements established ecological assessment by helping place the project
within the ecological system through which it passes.

Biodiversity Net Gain

Biodiversity Net Gain provides a structured statutory framework for ensuring that qualifying
development leaves biodiversity in a measurably better state than before development. Its
established methodology provides the appropriate basis for calculating statutory biodiversity
units and demonstrating compliance.

TVBI serves a different purpose.

It can provide ecological intelligence around BNG by helping users understand how proposed
retention, enhancement or habitat creation relates to the wider landscape.

Two proposals producing comparable biodiversity-unit outcomes may have different
implications for ecological connectivity, resilience or landscape function. One intervention may
strengthen an existing ecological network, while another delivers habitat improvementin a
more isolated location. These differences do not alter the statutory calculation, but they may
provide valuable additional evidence when considering how biodiversity outcomes could be
delivered.

This distinction is fundamental. TVBI is not an alternative BNG metric.
BNG is one application within which wider ecological intelligence may support better decisions.

The same principle applies beyond the initial calculation. Long-term habitat monitoring can
establish whether required outcomes are being delivered, while landscape and species
evidence may provide additional understanding of how those habitats are functioning within the
wider ecological system.

TVBI therefore provides complementary context around BNG rather than attempting to
reproduce or replace the statutory methodology.
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Figure 7: One Landscape, Many Decisions
Nature recovery, land management, development, Biodiversity Net Gain, nature-based
solutions and natural capital may involve different objectives and frameworks, but each
operates within the same ecological system. A consistent ecological evidence base can
therefore support different decisions while retaining the context unique to each.
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Nature-based Solutions

Nature-based solutions use ecological processes to address societal challenges while
delivering benefits for biodiversity and human wellbeing. Applications can include flood
management, catchment restoration, climate adaptation, urban cooling, soilimprovement and
coastalresilience.

Their effectiveness depends heavily upon context.

A wetland created in one part of a catchment may perform differently from an apparently
similar intervention elsewhere. Woodland creation can provide substantial environmental
benefits but may be inappropriate where existing open habitats have greater ecological
significance. Measures designed around a particular ecosystem service can also create trade-
offs for other ecological objectives.

The ecological question is therefore not simply whether an intervention uses nature, but
whether it is appropriate to the ecological system in which it is being introduced.

TVBI can contribute by providing evidence about habitat relationships, landscape structure,
resilience, recovery potential and ecological context. This can help users consider how
proposed interventions relate to existing ecological processes and whether they are likely to
strengthen or conflict with wider landscape objectives.

The result is a more integrated interpretation of nature-based solutions: not as isolated
environmental interventions, but as changes within functioning ecological systems.

Natural Capital and Nature Finance

Natural capital approaches and the growth of private nature finance are increasing demand for
credible evidence about ecological outcomes.

Investors, landowners, project developers and financial institutions may need to understand
not only whether an intervention can generate a measurable environmental output or revenue
stream, but whether it is supported by a defensible ecological rationale.

This brings the distinction established in Chapter 6 between prioritisation and verification
directly into the investment process.

Monitoring and verification can provide evidence that contracted or anticipated outcomes are
being delivered. Ecological intelligence can contribute earlier by examining whether the
intervention itself is well positioned to produce meaningful and durable ecological
improvement.

A financially viable project is not necessarily the strongest ecological opportunity. Similarly, the
ability to create a measurable environmental asset does not automatically demonstrate that an
intervention strengthens the wider ecological system.

TVBI can provide one component of the evidence used to examine that distinction. It does not
provide financial valuation, determine investment suitability or replace the methodologies
governing individual environmental markets. Its role is to strengthen understanding of the
ecological system underlying those decisions.
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As environmental markets mature, this distinction may become increasingly important. Long-
term credibility will depend not only upon demonstrating that environmental units or outcomes
have been delivered, but upon maintaining confidence in the ecological integrity of the
interventions from which they arise.

Portfolio and Landscape-scale Decisions

Many organisations make environmental decisions across multiple sites rather than individual
projects. Estates, conservation organisations, infrastructure operators, public bodies and
financial institutions may be responsible for geographically dispersed assets with very different
ecological characteristics.

At this scale, consistency of interpretation becomes increasingly valuable.

TVBI can provide a common framework through which sites are examined while retaining the
contextual differences that make each landscape ecologically distinct. This can help identify
where ecological strengths and vulnerabilities occur, where assets contribute to wider
networks and where intervention may offer particular strategic value.

Portfolio analysis can also support allocation of limited resources. Some locations may require
urgent attention because ecological performance is deteriorating; others may offer particularly
strong recovery opportunities; elsewhere the most important finding may be that additional
evidence is required before a defensible decision can be made.

Comparison should not, however, become a league table of ecological value.

A higher TVBI result at one location does not make its biodiversity interchangeable with that of
another, and a lower result does not automatically establish investment priority. The ecological
profile, landscape context and purpose of the decision remain fundamental.

The value of portfolio intelligence lies in providing consistency without removing context.

Repeated assessment can then provide another level of understanding: whether ecological
performance is changing across the portfolio, which dimensions are responsible and whether
different approaches to management or intervention appear to be producing different
outcomes.

From Individual Projects to Shared Landscape Intelligence

The applications described in this chapter differ substantially in their objectives, regulatory
requirements, timescales and decision processes.

Nature recovery is not the same as development planning. BNG is not the same as natural
capital investment. Managing an agricultural landscape is not the same as managing a
conservation reserve. Each requires its own expertise, evidence and decision framework.

What they share is a need to understand the ecological system within which the decision
occurs.

This is where a common ecological intelligence layer becomes valuable.

The underlying evidence gathered for one purpose may also contribute to a broader
understanding of the landscape. Habitat information collected during a development
assessment may provide useful baseline evidence for subsequent monitoring. Landscape
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analysis undertaken for restoration planning may reveal ecological relationships relevant to
neighbouring land. Species observations can improve understanding of network function, while
repeated imagery can provide evidence of change across multiple projects.

Environmental information therefore need not disappear when the individual project for which it
was collected concludes.

Over time, evidence can contribute to a developing understanding of the landscape: its
habitats, relationships, history, interventions and ecological responses.

This represents a transition from project-specific environmental information to shared
landscape intelligence.

For TerraViso, that is more significant than supporting any individual environmental
mechanism. The objective is not to build separate ecological tools for every regulatory
framework, market or land use. It is to maintain a coherent understanding of the ecological
system and allow different decisions to draw upon that intelligence in ways appropriate to their
particular purpose.

TVBI is therefore not defined by any single application.

Its value lies in providing a consistent ecological framework through which different
decisions can be understood in the context of the same living landscape.

9. Measuring Change and Demonstrating
Outcomes

Ecological intervention is ultimately judged by what happens after it is implemented.
Restoration plans, habitat creation proposals and management strategies describe intended
outcomes, but ecological systems do not necessarily respond exactly as anticipated.
Demonstrating meaningful biodiversity improvement therefore requires evidence that can
follow a landscape beyond initial assessment and through the process of ecological change.

This creates a different challenge from establishing a baseline.

A baseline establishes the ecological conditions present at the beginning. Monitoring identifies
what has changed. Outcome assessment asks a more difficult question: does that change
represent meaningful ecological improvement?

The distinction matters because implementation is not itself an ecological outcome. Creating a
wetland, planting a hedgerow, changing a grassland management regime or establishing
woodland demonstrates that an intervention has occurred. It does not demonstrate that the
intended ecological functions have developed.

Those outcomes may take years to emerge and may be influenced by management, weather,
hydrology, surrounding land use, species dynamics and ecological processes operating well
beyond the intervention area.

TVBI provides a framework through which ecological performance can be revisited over time.
Rather than treating monitoring as a separate activity undertaken after a project has been
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completed, repeated assessment can contribute to a continuous evidence record through
which ecological state, trajectory and response are progressively understood.

Establishing a Meaningful Baseline

Credible understanding of change begins with a meaningful baseline.

The baseline needs to capture sufficient information to allow subsequent observations to be
interpreted against the ecological characteristics relevant to the project or landscape being
assessed. Habitat extent and condition will frequently be important, but the wider TVBI
framework suggests that connectivity, ecological context, pressures and characteristics
relevant to resilience and recovery potential may also need to be understood.

Where appropriate and available, species evidence can provide an additional biological
reference against which future response can be considered.

The purpose is not to collect every conceivable environmental variable. Excessive data
collection can consume considerable resources without necessarily improving the decisions
that follow. Baseline design should instead reflect the ecological questions being asked and the
outcomes that subsequent monitoring is intended to evaluate.

Consistency is particularly important.

If ecological performance is to be interpreted through time, differences in datasets, spatial
resolution, survey methods or analytical approaches need to remain visible. Otherwise, an
apparent ecological change may partly reflect a change in how the landscape was observed.

This is another reason why provenance matters. Understanding what evidence formed the
original assessment allows later observations to be compared appropriately rather than
assuming that every difference represents ecological change.

A baseline should therefore be treated not simply as a map, report or collection of
measurements, but as the first point in a traceable ecological evidence record.

From Delivery to Ecological Outcome

Environmental projects are frequently described through measures of delivery: hectares
restored, trees planted, ponds created, wetlands established, hedgerows planted or
management agreements completed.

These measures are important. They demonstrate activity and provide tangible evidence that
commitments have been implemented.

They are not necessarily measures of ecological performance.

A newly created habitat may meet its implementation specification while remaining poorly
connected with the wider ecological network. A planted hedgerow may take many years to
develop the structure required to perform its intended ecological role. A wetland may be
successfully constructed in physical terms but respond differently from expectations because
of hydrology, water quality or surrounding land management.

The distinction can be expressed simply:
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Delivery measures what was done. Outcome assessment considers what ecological
change resulted.

Within TVBI, this means revisiting the dimensions of ecological performance through time.

Is habitat quality developing as anticipated? Has connectivity strengthened? Are previously
fragmented components beginning to form stronger relationships? Are characteristics
associated with resilience changing? Is recovery progressing, and is the wider ecological
context supporting or constraining that trajectory?

The answer may not always be positive, and it may not always be immediately apparent.

The purpose of outcome assessment is therefore not to confirm that an intervention
succeeded, but to determine what ecological response the available evidence actually
supports.

Monitoring at Ecological Timescales

Different ecological characteristics respond at different rates.

Vegetation structure can change relatively quickly following altered management, while
woodland development may occur over decades. Hydrological intervention can produce rapid
physical changes but slower biological responses. Some species may colonise newly suitable
habitat quickly, while others respond only after ecological conditions have developed over
considerably longer periods.

Monitoring needs to recognise these differences.

A single universal intervalis unlikely to be appropriate for every ecological question. The timing
and form of observation should instead reflect the processes being examined and the period
over which meaningful change could reasonably be expected.

This also means that short-term absence of change should not automatically be interpreted as
failure. Equally, rapid visible change does not necessarily demonstrate that the intended
ecological functions have become established.

Earth observation and repeat aerial imagery can provide valuable continuity by allowing some
landscape characteristics to be observed repeatedly. Changes in vegetation structure, habitat
extent, fragmentation and other detectable characteristics may become visible across
successive observations.

Field evidence can then provide information about characteristics that cannot reliably be
inferred remotely and help determine whether observed spatial changes correspond with
ecological change on the ground.

Monitoring should therefore operate according to ecological timescales rather than reporting
convenience alone.

Species Evidence and Biological Response

Habitat improvement is undertaken ultimately to support functioning ecological systems and
biodiversity. Species evidence consequently has an important role in determining whether
changes in habitat characteristics are translating into biological response.
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Figure 8: From Intervention to Ecological Outcome
Delivering an intervention demonstrates that an action has occurred, it does not by itself
demonstrate ecological success. Repeated observation is needed to establish whether habitat
structure, ecological relationships and biological response develop through time.
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Changes in presence, abundance, distribution, breeding activity or use of the landscape can
provide evidence that ecological conditions are changing in ways relevant to species.

This does not mean that every intervention should be judged through a single species indicator
or that habitat assessment becomes secondary.

Species respond differently and over different timescales. Detectability varies, populations
fluctuate naturally and observed changes may be influenced by processes occurring far beyond
the intervention area. Absence of an expected species response may therefore require
investigation rather than automatically demonstrating that habitat intervention has failed.

Similarly, habitat improvement may precede measurable species response. A restored
ecological connection may require time before target species begin to use it, while vegetation
structure and resource availability may need to develop before a newly created habitat
performs its intended function.

Species and habitat evidence therefore answer related but different questions.

Habitat and landscape monitoring can show whether the ecological conditions expected to
support recovery are developing. Species monitoring can provide evidence about whether
biological communities are responding to those conditions.

Bringing these together provides a stronger basis for assessing ecological outcome than either
can provide alone.

Understanding Attribution

Demonstrating that ecological conditions have changed is not always the same as
demonstrating why they changed.

Landscapes are influenced simultaneously by management, weather, climate, surrounding
land use, disturbance, species dynamics and numerous other processes. Attributing an
observed ecological response entirely to a particular intervention may therefore be difficult.

This becomes particularly important where environmental outcomes support regulatory,
financial or reporting claims. Confidence in those claims depends partly upon understanding
what can genuinely be concluded from the available evidence.

TVBI should support interpretation without implying causal certainty where that certainty
cannot be established.

Some relationships may be relatively direct. If a gap between two habitat areas is restored and
subsequent analysis demonstrates continuous habitat where none previously existed, the
structural change can reasonably be associated with the intervention.

Other outcomes are considerably more complex. An increase in the population of a particular
species across a landscape may coincide with restoration but also reflect weather, changes
elsewhere in its range or other environmental factors.

Maintaining information about intervention, management and external pressures alongside
ecological monitoring can strengthen interpretation. Reference locations, historical evidence
and scenario expectations may provide additional context.

Nevertheless, where attribution remains uncertain, that uncertainty should be explicit.
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Credibility is strengthened by recognising the limits of the evidence rather than hiding them
behind numerical precision.

Learning from Unexpected Outcomes

Monitoring is valuable not only for demonstrating success.
It should also reveal when ecological systems respond differently from expectations.

Vegetation establishment may be slower than anticipated. A hydrological intervention may
influence neighbouring habitats. An apparent ecological connection may prove less functional
than expected. Invasive species, disturbance or changing management may alter the trajectory.
Conversely, natural regeneration may occur more rapidly or extensively than originally
predicted.

These outcomes are not simply monitoring failures or deviations from plan.
They are evidence.

A framework concerned primarily with demonstrating that predetermined targets have been
achieved can make unexpected results difficult to acknowledge. Adaptive ecological
management requires a different approach: divergence from the anticipated trajectory should
trigger investigation and learning.

The appropriate response may be additional intervention, changed management, further
evidence collection or simply allowing more time for ecological processes to develop.

The important principle is that monitoring should be capable of challenging the assumptions
upon which the original decision was made.

The purpose is not to prove that the original decision was correct.

Itis to improve the evidence available for the next one.

Building Ecological Memory Through Monitoring

Earlier in this paper, ecological memory was described as the persistence of previous
ecological conditions and processes within the contemporary landscape. Long-term
monitoring creates another form of memory: an accumulating evidence record of how the
landscape has actually changed and responded to intervention.

This has considerable potential value.

Instead of each assessment beginning largely from the current state, future interpretation can
draw upon previous conditions, interventions, management decisions and observed
responses. Changes can be considered against a known history rather than reconstructed
retrospectively from incomplete evidence.

Over time, this record can help distinguish persistent trends from short-term variation and
reveal whether particular assumptions about recovery were supported in practice.

Across multiple projects, it may also contribute to a broader evidence base about how different
interventions perform in different landscape contexts. Approaches that appear successful
under particular conditions may become distinguishable from those whose outcomes are more
variable or strongly dependent upon local circumstances.
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Such learning should not be interpreted as producing universal ecological rules. An intervention
that succeeds in one landscape cannot automatically be assumed to produce the same
outcome elsewhere.

Its value lies instead in creating a richer body of evidence against which similarity, difference
and uncertainty can be considered.

In this sense, monitoring does more than measure ecological change. It builds the evidence
from which future ecological intelligence can develop.

Closing the Evidence Loop

The relationship between assessment, decision and monitoring can now be brought together.
A baseline establishes the starting evidence.

Ecological intelligence helps interpret that evidence and identify possible priorities.
Alternative interventions can be compared.

A decision is made and an intervention implemented.

Monitoring then provides evidence of ecological response.

That evidence can confirm assumptions, challenge them or reveal outcomes that were not
anticipated.

The resulting knowledge informs subsequent management and future decisions.
The process is therefore not linear. It is a learning cycle:

Observe > Understand - Prioritise > Intervene > Monitor > Learn > Reassess
Each cycle can add to the evidence available for the next.

For TVBI, this means that ecological performance should not be treated as a value calculated
once and periodically updated. The more important opportunity is to maintain a developing
interpretation of the ecological system: how its characteristics are changing, what may be
driving that change and what has been learned from previous interventions.

This is the point at which monitoring becomes more than environmental reporting.
It becomes part of the intelligence required to manage landscapes adaptively.

The strongest evidence of ecological success is not simply that an intervention was
delivered, but that the landscape responded in a way that can be observed, understood
and learned from.
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Figure 9: Closing the Ecological Evidence Loop
Ecological decision-making is iterative rather than linear. Observation and interpretation
support intervention; monitoring then provides new evidence of ecological response, allowing
assumptions to be tested, lessons to be retained and subsequent decisions to be reassessed.
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10. Towards Adaptive Ecological
Intelligence

The environmental decisions being made today will shape landscapes for decades. Yet the
ecological conditions within which those decisions will operate are themselves changing.

Climate change is altering temperature, rainfall, hydrology, disturbance regimes and species
distributions. Land use continues to evolve. New environmental markets are emerging,
expectations around nature-related risk are developing, and advances in Earth observation and
environmental monitoring are increasing the volume of ecological evidence available to
decision-makers.

These changes create a fundamental challenge for biodiversity assessment.

Much ecological management has understandably relied upon historical reference conditions:
identifying what existed previously, determining what has been lost and seeking to protect or
restore valued ecological states. Historical evidence will remain essential. It helps explain
landscape change, provides evidence of ecological memory and can reveal the processes that
produced contemporary conditions.

But historical condition cannot always provide a complete blueprint for the future.

As environmental conditions change, some species will move, ecological communities may
reorganise and relationships between habitats may alter. Restoration objectives based entirely
upon recreating previous ecological states may become increasingly difficult to achieve in
some landscapes and, in certain circumstances, may not produce the most resilient ecological
systems.

This does not mean abandoning habitat classification, conservation objectives or historical
reference conditions. It means adding another question:

What ecological characteristics will allow this landscape to continue functioning as
conditions change?

That question shifts attention towards resilience, connectivity, ecological processes, adaptive
capacity and the ability of landscapes to support change without losing essential ecological
function.

From Historical Reference to Future Resilience

Historical ecological evidence remains valuable precisely because it helps us understand how
landscapes have responded to previous change.

Ecological memory can reveal persistent habitat structures, hydrological relationships, soils,
species assemblages and landscape connections that may provide foundations for future
recovery. It can also reveal where ecological systems have already undergone substantial
transformation.
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The challenge is to use that history as evidence rather than automatically treating one historical
moment as the condition to which every landscape must return.

In some circumstances, restoration towards a known reference condition will remain
appropriate. In others, changing climate, hydrology, species distributions or land use may
require greater emphasis on maintaining ecological processes and creating the conditions
within which nature can adapt.

This makes trajectory increasingly important.

A landscape should not necessarily be considered successful because it resembles a historical
reference state, nor unsuccessful simply because ecological change has occurred. The more
difficult question is whether the emerging system continues to support biodiversity, ecological
relationships and resilience.

TVBI can contribute to this interpretation by maintaining attention on multiple dimensions of
ecological performance rather than assuming that a single representation of habitat condition
defines ecological success.

Ecological Intelligence in a Changing Climate

Climate change reinforces the importance of landscape relationships.

Species responding to changing environmental conditions may need to move through
landscapes. Wetlands and riparian systems may become increasingly important in regulating
hydrological extremes. Habitat networks may provide alternative ecological opportunities as
local conditions change, while isolated habitats may become more vulnerable where species
and ecological processes have limited capacity to respond.

Connectivity should not therefore be interpreted simply as preserving existing relationships.
It may also contribute to the capacity for ecological adaptation.

Similarly, resilience cannot be understood solely as resistance to change. A resilient ecological
system may change substantially while retaining important functions and maintaining the
capacity for continued ecological development.

This has consequences for restoration and land-management decisions made today. Habitats
created now may mature under environmental conditions different from those within which
they were designed. Long-term interventions therefore need to consider not only current
ecological suitability but the range of future conditions within which those interventions may
need to function.

No analytical framework can predict those futures with certainty.

The value of ecological intelligence lies instead in making vulnerability, relationships,
assumptions and alternative trajectories more visible so that decisions can remain adaptive as
evidence develops.
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Figure 10: Persistent Ecological Intelligence
Repeated observation, intervention and monitoring can create an accumulating ecological
record of a landscape. Retaining this evidence through time allows future decisions to draw
upon previous conditions, actions and observed responses rather than treating each
assessment as an isolated snapshot.
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From Periodic Assessment to Persistent Intelligence

Most environmental assessment remains organised around individual decisions.

A survey is commissioned, evidence is collected, an assessment is produced and the
immediate decision is made. Monitoring may follow, particularly where regulatory or
contractual requirements demand it, but the resulting evidence can remain fragmented
between projects, organisations and reporting cycles.

The growing availability of repeat Earth observation, environmental datasets and digital
ecological records creates the possibility of a different model.

Rather than repeatedly reconstructing understanding of a landscape for each new decision,
ecological evidence can accumulate.

Baselines, habitat information, species observations, interventions, management changes,
monitoring and analytical interpretations can contribute to a developing record of how the
ecological system has changed through time.

This is persistent ecological intelligence.

Its significance is not simply technological. The value lies in preserving ecological
understanding between decisions.

A future assessment can then begin not only with a contemporary map, but with evidence of
previous conditions, earlier interpretations, interventions undertaken, assumptions made and
ecological responses subsequently observed.

This creates institutional ecological memory alongside the ecological memory retained within
the landscape itself.

For organisations responsible for assets over long periods—landowners, conservation bodies,
infrastructure operators, public authorities and investors—this continuity could become
increasingly important. Decisions made years apart can be understood as part of the same
developing ecological trajectory rather than as isolated assessments.

Learning Across Landscapes

Persistent evidence also creates opportunities to learn across projects and landscapes.

If similar interventions are implemented in different ecological contexts, their outcomes can be
compared. Patterns may emerge showing where particular approaches appear to perform
strongly, where outcomes are variable and where contextual factors seem to influence
recovery.

Such comparisons must be approached cautiously. Ecological systems are not experimental
replicas, and an intervention successful in one landscape cannot automatically be transferred
to another.

The purpose is not to create universal prescriptions.
Itis to build a richer body of evidence from which future decisions can be informed.

This is where analytical methods and Al may eventually become particularly valuable. As
ecological evidence accumulates, computational approaches can help identify patterns across
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combinations of habitat, landscape context, intervention and observed response that would be
difficult to recognise manually.

The same safeguards established throughout this paper remain essential. Correlation should
not be presented as causation. Similarity should not be treated as ecological equivalence.
Analytical patterns require ecological interpretation, and uncertainty should remain visible.

Used appropriately, however, accumulated evidence can allow ecological intelligence to
become progressively more informed by what has actually happened within landscapes rather
than relying solely upon what was originally expected to happen.

Ecological Decision Infrastructure

The progression described throughout this paper ultimately points towards something broader
than an individual biodiversity index.

Habitat mapping provides evidence about ecological assets.

Earth observation and field ecology provide evidence about their characteristics and change.
Landscape analysis reveals relationships and context.

Species evidence helps reveal biological response.

Monitoring establishes trajectory.

Decision intelligence uses this evidence to compare alternatives and support intervention.
Persistent records allow subsequent decisions to learn from what happened next.

When these elements remain connected, they begin to form an ecological decision
infrastructure.

Such infrastructure does not make ecological decisions autonomously. Nor does it create a
universal definition of ecological value.

Its purpose is to maintain the evidence, relationships, provenance and ecological history
required for better decisions to be made repeatedly through time.

This distinction matters as biodiversity becomes increasingly relevant to planning,
infrastructure, nature recovery, natural capital, finance and organisational risk. Each
application will continue to require its own methodologies, expertise and governance. What
can increasingly be shared is the ecological evidence architecture beneath them.

TVBI represents one component of that architecture.

Its longer-term value may therefore lie less in the index itself than in the capability it creates to
maintain a coherent, developing and explainable understanding of ecological systems.

The future of biodiversity intelligence is unlikely to be defined by a single better metric.

It will be defined by our ability to understand how landscapes function, how they are
changing and how today's decisions influence the ecological systems of tomorrow.
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Conclusion

Biodiversity measurement has advanced considerably. Habitat classification, condition
assessment, species monitoring, Earth observation and environmental datasets now provide
increasingly detailed evidence about the natural world.

The next challenge is to connect that evidence.

Ecological systems are not collections of independent habitat parcels. Their performance
emerges through relationships between habitats, species, environmental processes,
landscape structure and change through time. Understanding biodiversity therefore requires
more than measuring what exists. It requires interpretation of how ecological systems function,
how they are connected, how resilient they may be and the direction in which they are
changing.

The TerraViso Biodiversity Index has been introduced in this paper as a framework for
supporting that interpretation. TVBI considers five interconnected dimensions of ecological
performance: habitat quality, connectivity, resilience, recovery potential and ecological
context. These dimensions are not intended to replace established ecological methods or
collapse biodiversity into a single definitive score. They provide a structured way of bringing
different forms of evidence together while retaining the ecological reasoning beneath the
resulting interpretation.

That transparency is fundamental. A headline measure may support communication,
comparison and monitoring, but its value depends upon understanding the evidence behind it.
Different landscapes can produce similar overall assessments for very different ecological
reasons, while the strength and completeness of the supporting evidence may also differ. TVBI
therefore treats the index as a route into ecological intelligence rather than the end of the
assessment.

This wider interpretation also requires biodiversity to be understood in both space and time.
Landscapes have histories and trajectories, and ecological processes extend beyond project
and ownership boundaries. Ecological memory can influence resilience and recovery, while
connectivity and wider landscape context can alter the significance of individual habitats and
interventions. Repeated observation can then reveal whether ecological relationships are
strengthening, deteriorating or developing in unexpected ways.

These principles change the role that biodiversity evidence can play in decision-making. Rather
than being used primarily to describe existing conditions or verify outcomes after intervention,
ecological evidence can contribute earlier: identifying important relationships, revealing
vulnerabilities, comparing alternatives and helping determine where intervention may make the
greatest ecological contribution.

This is the transition from monitoring to decision intelligence.

Monitoring establishes what happened. Decision intelligence asks what could be done, where
intervention may be most valuable and what evidence supports that choice. Neither removes
uncertainty or replaces professional ecological judgement. Their value lies in making evidence,
assumptions, trade-offs and reasoning more visible.
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Technology and Al-assisted analysis can strengthen this process by helping identify patterns,
relationships and change across increasingly complex environmental evidence. But analytical
capability does not remove the need for ecological interpretation. The strongest approach
combines analytical scale with field evidence, species knowledge, professional expertise and
transparent provenance.

Over time, repeated observation creates a further opportunity. A baseline can become the
beginning of a persistent ecological evidence record. Interventions can be connected with
subsequent ecological response. Unexpected outcomes can become sources of learning,
while evidence accumulated across projects and landscapes can gradually improve
understanding of how ecological systems respond under different conditions.

Instead of reconstructing ecological understanding for each new assessment, organisations
can begin to retain it between decisions.

This is the transition towards persistent ecological intelligence: an accumulating, traceable
understanding of landscape condition, relationships, interventions and ecological response
that can develop as new evidence becomes available. In time, this has the potential to form
part of a wider ecological decision infrastructure through which evidence gathered for one
decision can strengthen those that follow.

That transition matters because the environmental decisions made today will operate within
landscapes that continue to change. Climate, hydrology, species distributions, land use and
ecological communities will not remain static. Historical reference conditions will continue to
provide essential evidence, but future resilience may increasingly depend upon maintaining
ecological function, connectivity and adaptive capacity as well as protecting particular
ecological states.

The purpose of TVBI is therefore not to define a perfect biodiversity score.

Itis to create a clearer relationship between evidence, ecological understanding and
decision-making.

That relationship can support nature recovery, land management, development, Biodiversity
Net Gain, nature-based solutions, natural capital and long-term portfolio management without
reducing those different applications to a single methodology.

The underlying question remains consistent:

What does the available evidence tell us about how this ecological system is functioning,
how it is changing and what our decisions may mean for its future?

Answering that question requires more than another map, another metric or another dataset.

It requires ecological intelligence.
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About TerraViso™

TerraViso is a developing ecological intelligence platform designed to bring habitat, landscape,
Earth observation and environmental evidence together to support better-informed decisions
about biodiversity and nature recovery.

The platform is being developed around the principle that ecological systems should be
understood as dynamic, interconnected landscapes rather than isolated spatial features.
TerraViso combines remote sensing, spatial analysis, ecological network analysis and Al-
assisted methods to help reveal ecological relationships, monitor change and support
transparent, evidence-based environmental decision-making.

Continue the Conversation
If you'd like to discuss:
e Ecological Intelligence
e Biodiversity Technology
e Nature Recovery
e Ecological Fingerprinting Intelligence
e TerraViso Partnerships
Contact:

info@terraviso.eco

www.terraviso.eco
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