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FOREWORD

The world stands at a pivotal moment in its collective re-
sponse to the climate crisis as a present and accelerating
reality. Within this context, the International Federation
of Surveyors (FIG) publication Surveying for Climate Resil-
ience: Practical Climate Actions — spanning land, water, and
marine surveying - highlights the essential role of survey-
ing professionals in advancing climate resilience.

Climate action is a central pillar of the FIG Work Plan 2023-
2026 and is deeply aligned with the FIG Vision to “serve
and leave no one behind! Sustainability alone is no longer
sufficient; resilience must now be embedded in all aspects of our professional prac-
tice. As surveyors, we share a responsibility to strengthen knowledge, build capacity,
and support people and the planet. It was with this purpose that FIG established the
Climate Compass Task Force - to guide our collective efforts and chart a clear path
forward.

The scale and complexity of the climate crisis demands that surveyors demonstrate
courage, leadership, and a commitment to developing practical, knowledge-driven
solutions that enable communities everywhere to thrive. This publication, led by the
FIG Climate Compass Task Force, is the product of extensive collaboration across conti-
nents, disciplines, and generations and reflects the collective wisdom and commitment
of the global survey community.

With its 16 highlevel Climate Actions, this publication marks a significant milestone for
FIG. Building on earlier climate publications, it offers practical strategies and realworld
examples to support climate adaptation, mitigation, and disaster resilience at national
and local levels. Much of the content draws from the rich discussions and technical
papers presented during the FIG Working Weeks from 2023 to 2026. Including a signifi-
cant contribution from the Call to Action on Climate Responsible Land Governance and
Disaster Resilience (2024, Nepal Regional conference).

The evidence is clear: surveyors are on the critical path to delivering climate resilience
globally, nationally, and locally. Our profession’s core strengths — precision, integrity,
and a commitment to authoritative data — are more vital than ever as we confront the
escalating impacts of climate change.

Digital technological innovations are reshaping how surveyors collect, manage, and
interpret data, providing insights for climate action and helping to bridge the digital
divide between the Global North and South. Yet embracing these technologies brings
responsibilities: upholding ethical standards, protecting data sovereignty, and respect-
ing Indigenous and local community rights. The profession is also evolving within
emerging climate resilience markets, such as by the integration of climate data with
land administration systems and developing interoperable platforms for informed re-
sponses. Surveyors' contributions — such as redesigning geodetic and hydrographic
infrastructure and advancing scenario modelling - are vital to ensuring that systems
remain fit for climate resilience.

These evolving roles demand new ethical standards and protocols. As experts in the
relationship between land and people, surveyors play a critical role in safeguarding



land rights — particularly for vulnerable populations — while supporting adaptation and
mitigation strategies. This involves making informed judgements on rights, restrictions,
and responsibilities, with a renewed commitment on fairness and equity. Meeting these
challenges requires expanding the workforce, fostering interdisciplinary collaboration,
and empowering young and diverse professionals to lead future efforts.

| extend my sincere appreciation to all who contributed to this publication. | express my
deepest gratitude to Dr Clarissa Augustinus, Chair of the Climate Compass Task Force,
who served as lead author and coordinator. Her leadership, together with the dedica-
tion of the Task Force team and the many reviewers whose insights covering the many
aspects of surveying and drawn from every region of the world, has ensured that this
guidance is both globally relevant and locally actionable.

The future we seek is one that fully supports the United Nations Sustainable Development
Goals - advancing People through responsible land governance, strengthening Partner-
ships from global to local, promoting Peace through equity and human rights, protecting
our Planet from the impacts of climate change and natural disasters, and enabling Prosper-
ity through resilient land and property systems.

Let this report serve as both a call to action and a source of inspiration to the global FIG
community. Together, we can harness the power of surveying to build a more resilient,
equitable, and sustainable future for all.

Diane A Dumashie,
FIG President (2023-2026)
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EXECUTIVE SUMMARY

Purpose and approach: The purpose of this FIG publication has been to identify some
of the key surveying actions, methods and tools for climate resilience, for land, water
and marine environments, for people, economic growth/poverty reduction and the
planet. FIG papers, presentations at conferences and Climate Compass Task Force we-
binars were the main source of information for this publication. They also informed the
choice of the 16 Climate Actions highlighted. Prominent surveyors in the profession
gave detailed comments on advanced drafts and supplied overall and detailed guid-
ance. This strengthened the publication and confirmed the major climate resilience
roles for surveyors.

Photo 1: FIG organises a large event every year. Every four year
the larger FIG Congress which marks the final year of the FIG leadership
team, and in the years between FIG Working Weeks with technical sessions and
sessions/meetings organised by FIG Commissions, Networks and Task Forces. The Climate
Compass Task Force was established in 2023 for a 4-year term and in each Working Week
topics around Climate Action have been central to the conferences.

Long-term geospatial, hydrospatial and land administration systems data collection are
foundations for territorial governance, in the context of climate resilience. This data is
vital for: climate-related policy development; long-term climate monitoring and man-
agement; and the identification of risks. It supports planning for: adaptation (adapting
to manage climate impacts) and mitigation (reduction or prevention of greenhouse
gases including carbon); effective land, water and marine management; and support to
decision-makers managing the climate crisis. New technologies such as geospatial da-
tabases, Earth Observation (EO) data, artificial intelligence (Al) tools, and other spatial
and temporal innovations have made the surveyors'role critical in the management of
climate impacts. Climate action is becoming an increasingly key feature of FIG. Sixteen
(16) critical Climate Actions are identified in this publication for surveying for climate
resilience.



Definition of climate resilience: Surveying for climate resilience involves re-designing
geospatial data systems, geodetic and hydrographic infrastructure, database systems
and land administration systems, policies, methods and tools, to address the chal-
lenges of climate change (carbon emissions), biodiversity loss, and land degradation.
It focuses on managing climate impacts, adapting to climate change, and transitioning
to sustainable practices that support carbon emissions reduction (mitigation) on land,
and in water and marine environments. This will contribute to ensuring resilience for
both people and the planet.

Climate crisis, vulnerable people and new business models: Humanity is dealing
with a global climate crisis, with disproportionate impacts on vulnerable regions, coun-
tries and people in the global south. The most affected populations are often those
with insecure tenure, including smallholder farmers, local communities, informal set-
tlers, women and those living in disaster prone areas. Surveyors have a major role to
play supporting the adaptation and mitigation of climate impacts at the global, na-
tional and local levels in a way that supports environmental sustainability, economic
growth and the land rights of people. The 17 Sustainable Development Goals form the
overarching policy framework for this publication.

The climate crisis is creating opportunities for surveyors, government, the private sec-
tor and industries to move to new business models that support climate resilience. To
encourage surveyors to develop solutions, some of the key actions, methods and tools
of these business models, across the digital divide, are described.

New technology, quality assessment, ethics: New and complex climate challenges
can be addressed by embracing new technology. New technology allows profession-
als to focus on data interpretation, analytics and the extraction of meaningful climate
related insights, rather than data handling. Surveyors need to continue to develop, re-
design, field test, innovate, experiment and pilot novel procedures using new technol-
ogy, including artificial intelligence (Al), to meet the new demands regarding climate
resilience. Using new technology to support climate resilience requires new types of
ethical judgements and standards.

Government, customers and users: New markets are opening for surveyors. Custom-
ers, users and government will need ongoing support as they respond to climate resil-
ient market trends, regulatory requirements and disclosure standards. Government-led
climate action involves collaboration and coordination in a whole-of-government ap-
proach to support the delivery of national environmental goals and plans, where the
Lands Departments have a key role to play.

Education, training and workforce; While some education and training institutions
have already taken up the challenge of educating surveyors to support climate resil-
ience, much more needs to be done, also regarding continuing professional develop-
ment (CPD). Also, immediate efforts are needed to scale up the workforce to support
climate resilience, focused on the surveyor’s role as data manager, young surveyors and
women surveyors.

Land and marine cadastre and data: The climate crisis has started facilitating the devel-
opment of innovative fit-for-purpose (FFP) systems that support climate resilience. FFP
land administration systems, data, tools and methodologies are being re-designed for
climate resilience. Geodetic and hydrographic infrastructure are key to the protection
and management of the marine environment and for strengthening marine cadastres.



Urban and rural areas: Surveying that supports climate resilience in urban areas needs
to address a wide range of issues including: blue-green infrastructure; urban sprawl
into agricultural and natural areas; affordable housing shortages; large scale climate
induced migration to urban areas requiring increased land; smart land use planning
and services; the rehabilitation and redevelopment of infrastructure after natural dis-
aster events; and vulnerable informal settlements. In rural areas, climate smart agricul-
ture, environmentally sustainable land use practices and forest management need to
be supported by surveyors, as land use change is directly linked to large scale carbon
emissions.

Natural disaster and climate-related conflict: Surveying knowledge and skills are
needed to address a wide range of different types of natural hazards and disasters.
Climate-related disasters displace millions of people every year as their homes become
uninhabitable, their livelihoods unsustainable and their lives at risk in hazard-prone
areas. The land rights of vulnerable people need to be protected. Geospatial and land
administration systems need to be re-designed for the different natural disaster stages.
Climate, conflict and land are often inter-linked. Conflict can exacerbate climate is-
sues and climate issues can trigger conflict, including violent protracted conflict. It can
cause people to migrate, compete for land, water and natural resources, and struggle
for food security.

International organizations: Surveyors are asking for practical examples of climate
resilient surveying, rather than policy directions alone. International bodies who want
to engage in climate action and surveying should take cognizance of this as they work
to support people and the planet.

Overall findings: Surveyors undertake many critical climate actions, often involving
multiple stakeholders. While governments play the leading role, the private sector, aca-
demia, national and international institutions, training institutions and those industries
building new geospatial data, analytical methods and tools, are also key to surveying
for climate resilience. Climate action involves technology, governance and people,
which in the climate context also means safeguarding people’s land rights and liveli-
hoods.

To support the climate resilience of people and the environment, surveyors are adapt-
ing professional standards. As new technologies and processes emerge, quality assess-
ment, testing and developing new data acquisition tools are key. This is something for
which surveyors are well known and it is vital for sustainability both in terms of system
design and for climate resilience. This also means adopting and adapting Al and ma-
chine learning, guided by the reasoning of surveyors for accuracy. Most importantly,
government-led programmes on climate resilience are critical for success and scale. As
governments strive to meet national environmental, economic, social and governance
goals, surveyors can support decision-makers to make better decisions. Customers, ex-
isting and future, need support as they include climate adaptation and mitigation in
their business models.

To ensure that the surveying industry can do the job, surveying education, training and
continuing professional development needs to be re-geared along a spectrum from
digital literacy to advanced analytics to support the development of surveying for cli-
mate resilience. This is required so that the work force can upscale and undertake the
required climate actions locally, nationally and for the planet.



All of this work underpins the re-design of the land administration and geospatial data
systems to support climate resilience. Rapid, agile, climate resilient FFP land adminis-
tration is needed to support disaster and conflict risk management. Urban and rural
land administration systems are being re-designed to prevent urban encroachment
on adjacent agricultural and natural areas and agricultural encroachment on natural
areas and forests. A much greater focus is needed on forests than has been traditional
among surveyors.

Significant challenges remain: While this practical guide draws on case studies, best
practices and activity highlights that show the way forward to support climate resil-
ience, major challenges remain. There are numerous gaps in actions, tools and meth-
ods that need to be scaled, as only some countries have working solutions. Or the solu-
tions are only being addressed in some countries in the global north. Or solutions are
context specific and need to be documented and shared to other countries for do-
mestication. Or they reflect goals still being worked on at country and local levels. The
tools, methods and actions described here need to be scaled up dramatically within
countries and across the world.

The 16 Climate Actions: This publication is structured in terms of 16 Climate Actions.
The first 9 Climate Actions are about the fundamentals of all professional surveying for
climate resilience namely: Climate Action 1. Professional ethics and standards; Climate
Action 2. People, surveying and governance; Climate Action 3. Testing and developing
new data acquisition tools; Climate Action 4. Increasing technical capacity, including Al
use; Climate Action 5. Quality assessment; Climate Action 6. Government-led response
to climate issues, including local government; Climate Action 7. Customers and users
of surveying for climate resilience; Climate Action 8. Education, training and continuing
professional development; and Climate Action 9. Scaling up the work force.

This is followed by 6 Climate Actions that focus on types of situations where surveying
for climate resilience would be mainly carried out namely: Climate Action 10: Rapid,
agile, climate resilient fit-for-purpose land administration; Climate Action 11: Strength-
ening marine data systems; Climate Action 12: Re-designing urban and peri-urban
systems for climate resilience; Climate Action 13: Sustainable rural land management;
Climate Action 14: Disaster risk management; and Climate Action 15: Climate, conflict
and land. The final Climate Action relates to international players namely: Climate Ac-
tion 16: Role of international surveying bodies.

International Federation of Surveyors (FIG): FIG as a large international organization
covering over 100 countries has made a good start on branding the profession as play-
ing an important climate action role. This is demonstrated by the increasing number of
climate-related abstracts being submitted for the annual Working Week or quadrennial
Congresses. This aspect of the FIG brand needs to be strengthened to reach humanities’
environmental goals faster and at the scale required.

Use of Al: No Al was used to create the contents of this publication. Readers are how-
ever encouraged to use Al to summarise this publication in terms of their own interests
if they have insufficient time to read the whole publication.
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1 INTRODUCTION: SURVEYING FOR CLIMATE
RESILIENCE: PRACTICAL CLIMATE ACTIONS

1.1 Surveyors and the climate crisis

Humanity is dealing with a global climate crisis, with disproportionate impact on vul-
nerable regions, countries and people in the global south. The most affected popula-
tions are often those with insecure tenure, including smallholder farmers, Indigenous
People and Local Communities (IPLC), informal settlers, women and those living in
disaster prone areas and in areas of conflict. Vulnerable populations are experienc-
ing the loss of land due to environmental degradation because of rising sea levels,
desertification, land degradation, deforestation, natural hazards and disasters. Land
conflicts are increasing because of competition over resources, land grabs and ex-
ploitation leading to forced displacement and migration, amplified by the climate
crisis and disasters.

Often resettlement programmes are inadequate. The customary land tenure systems
of local communities are being eroded and disrupted, including those of smallholder
farmers and pastoralists. All of this is impacting the livelihoods of poor people causing
a decline in agricultural productivity and shifts in livelihoods. Government-led climate
projects and land use changes designed for climate adaptation can have unintend-
ed negative consequences on vulnerable occupants, if not designed to take into ac-
count the issues of local people. Often countries lack climate-responsive policies, land
laws and regulations to protect the land rights of vulnerable communities particularly
where governments prioritise economic growth. Even where policies do exist, they are
often not implemented. Surveyors have a major role to play supporting the adapta-
tion and mitigation of climate impacts at the global, national and local levels in a way
that supports climate goals and environmental sustainability, economic growth and
the land rights of people.

The purpose of this FIG publication has been to identify some of the key surveying
actions, methods and tools for climate resilience, for land, water and marine environ-
ments, for people, economic growth/poverty reduction and the planet. FIG papers,
presentations at conferences and Climate Compass Task Force webinars were the main
source of information for this publication. They also informed the choice of the 16 Cli-
mate Actions highlighted. Prominent surveyors in the profession gave detailed com-
ments on advanced drafts and supplied overall and detailed guidance, text, graphics
and photographs. This strengthened the publication and confirmed the major climate
resilience issues for surveyors.

Long-term geospatial, hydrospatial and land administration systems data collection
are foundations for territorial governance, in the context of climate resilience. This data
links the physical, legal, economic and environmental dimensions of land, water and
marine. This data provides vital information for:

* Climate-related policy development;

* Long-term climate monitoring and management;

¢ |dentification of risks;

* Adaptation and mitigation measures;

* Effective land, water and marine management;

* Support to decision-makers managing the climate crisis.
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New technologies such as geospatial databases, historical and current Earth Observa-
tion (EO) data, large time series data analysis, Al tools, and other spatial and temporal
innovations have enhanced the surveyors’ critical role in the management of climate
impacts. Climate action is one of the priority global issues for the members of FIG and
this publication is structured around sixteen (16) critical Climate Actions that reflect the
priority contributions of surveyors to the climate crisis (see Figure 1 below).

Professional Ethics, Standards & 1 g Scaling Up the Workforce i
Benchmarks /
People, Surveying & Governance 2 |10 Rapid, Agile, Climate Resilient Fit-

For-Purpose Land Administration

Testing & Developing New Data

w
[y
[y

Acquisition Tools 2 E Strengthen Marine Data Systems
o
Increase Technical Capacity, Including 4 g ‘ 12 Re-Designing Urban Systems for
Al Use s Climate Resilience
= |
Quality Assessment 5 § | 13 systainable Rural Land Management
=
S ; (=) :
Government-led response to climate [ : - Y
. . - 14
issues, including local government . Disaster Risk Management
Customers 8 Users of Surveying for 7 |15 Climate, Conflict & Land

Climate Resilience

Education, Training & Continuing 8 | 16 Role Of International Bodies Linked
Professional Development to Surveying

Figure 1: The 16 Critical Climate Actions of Surveyors, 2025.
Graphic courtesy of U.E. Chigbu

Analysis of conference papers and presentations at recent FIG events highlights that
surveyors are on the critical path of most large climate action projects. They increasing-
ly apply their measurement and spatial data analysis skills in support of climate resil-
ience (see definition below), while supporting the objectives of the Sustainable Devel-
opment Goals (SDG), which form the overarching policy framework for this publication.

Definition: Surveying for climate resilience involves re-designing geospatial data systems,
geodetic and hydrographic/hydrospatial infrastructure, database systems and land ad-
ministration systems, policies, methods and tools, to address the challenges of climate
change (carbon emissions), biodiversity loss, and land degradation. It focuses on manag-
ing climate impacts, adapting to climate change, and transitioning to sustainable practices
that support carbon emissions reduction (mitigation) in land, water and marine environ-
ments, thus ensuring resilience for both people and the planet.
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Photo 2: Land degradation. Photograph courtesy of Paul Augustinus.

The climate crisis is creating opportunities for surveyors, government, the private sec-
tor and industry to move to new business models that support climate resilience. There
needs to be more investment in geodetic, geospatial and hydrographic/hydrospatial
infrastructure to increase climate resilience. Some of the key actions, methods and tools
associated with these business models are described in this publication. They apply to
differing contexts and are dependent upon surveying capacity (human and financial)
at the national and local level, time budgets and quality requirements.

The Chair of FIG Young Surveyors, Shirley Chapunza calls surveyors to action, saying
that “As surveyors we are positioned at the forefront of addressing some of the most
pressing challenges around climate change and sustainable land use. Let us collab-
orate and lead with purpose, ensuring that the future we build together is one that
thrives for generations to come””

Surveyors are encouraged to use this publication to innovate and develop new busi-
ness models that support climate resilience using new technology and insights to de-
velop solutions for tomorrow. These solutions need to cross the digital divide of the
global north and global south. They need to simultaneously support environmental
goals and economic growth/ poverty alleviation goals and consider their impact on
people, including the poor.

1.2 Beyond business as usual

Many surveyors in the industry have traditionally supported the USD287.6 trillion
global residential real estate market, with a relatively small but high-profile grouping
involved with the pro-poor aspects of tenure security and governance. The develop-
ment of new surveying business models for climate resilience is now a growing indus-
try able to support multiple workflows which involve going beyond business as usual.
Surveyors use of geospatial technology is evolving rapidly to meet climate and disaster
challenges, also as there are new markets for their skills. A variety of approaches are
emerging including:

1. Business as usual surveying without applying technological advancements
suited to the context of climate change adaptation and mitigation.

2. Integration of climate data with land administration data, with in some cases
interoperable systems (for example land and disaster) to inform climate

13



responses. Some of this work involves just data/information provision and/or
integration, such as into the National Spatial Data Infrastructure (NSDI). Other
workflows have a clear climate strategy supported by EO and Information
Technology (IT) applications, such as those linked to property rights and carbon
accounting platforms. This latter work goes beyond data collection/integration
and monitoring and evaluation. Important roles include developing climate
resilient cadastral, planning, valuation, positioning, NSDI and land management
systems.

3. Independent measurement, monitoring and assessment of climate-related
issues is an emerging frontier for surveyors- leveraging the profession’s
precision, technical expertise, and trusted credibility (see examples below).
Increasingly global and national mapping efforts are linked with geospatial
technologies used to understand and manage interactions within earth systems.
These linkages can strengthen climate action and environmental sustainability
efforts. An increasing number of abstracts submitted for the recent FIG Working
Weeks covers these types of areas of work as surveyors utilise a wide variety of
measurement approaches and tools to support climate resilience.

EXAMPLES OF STAND-ALONE MEASUREMENTS FOR CLIMATE RESILIENCE: 1) flooding (Punjab,
Pakistan); 2) carbon estimation; forests/deforestation/reforestation (the Amazon); 3) fires
(Italy); 4) land-slides (Nepal); 5) earthquakes and deformation; 6) land use and land use
change (LUC) and habitat characteristics (Portugal, Kenya); 7) land degradation, drought
and desertification/restoration; 8)wetland preservation; 9) patterns of ground water re-
charge; 10) food productivity; 11) mapping pollution in the ocean; 12) sea level rise and
coastal zone management (Caribbean); 13) hurricanes (impact on electric grid in Mexico);
14) green and blue infrastructure; 15) waste management; 16) sewage disposal; 17) inva-
sive species and native vegetation management; 18) heat islands and utilities manage-
ment (Nigeria); impact of mining on surrounding areas (Botswana).

1.3 Methodology

The 16 Climate Actions described in this publication are based on the presentations,
papers and discussions (2022-2025) by the global FIG surveying community describ-
ing practical climate actions to address the climate crisis. These are described in 16
high level Climate Actions grouped by fundamental aspects of surveying for climate
resilience; focus areas for climate action; and international roles.

This publication is mostly based on presentations and papers from the FIG Working
Weeks in Orlando (2023); Accra (2024); Brisbane (2025); abstracts for the Cape Town
Congress (2026); the FIG Regional Conference in Nepal (2024); the UN-Habitat/Global
Land Tool Network 3 Arab Land Conference in Morocco (2025); Climate Compass Task
Force events, webinars and seminars; and to a lesser extent from GIM magazine articles.
Academic literature and the GIM magazine articles also contributed to the identifica-
tion of the challenges.
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Photo 3: Delegates, participants, and representatives from across the globe gathered
at the Conference on Climate Responsible Land Governance and Disaster Resilience:
Safeguarding Land Rights, FIG Regional Conference, 2024, in Nepal. Photograph courtesy
of Government of Nepal.

Prominent surveyors in the profession have also given detailed comments on advanced
drafts which were used to strengthen the publication and confirm the 16 Climate Ac-
tion summaries. Reviewers also contributed text.

Given the wide range of work undertaken by FIG in many countries, and across all its
10 Commissions, it is not possible to capture and integrate all the climate action work
being done and all the detailed knowledge and climate related contexts that surveyors
are working on at the national and local levels. Instead, this is a high-level overview of
key actions, methods and tools that surveyors are using to support climate resilience
across the FIG Commissions and Task Forces.

This does not mean that surveying for climate resilience has been scaled sufficiently
across the globe, but rather that the work of developing solutions is happening, and
needs to be suitably upscaled. While this practical guide draws on case studies, best
practices and activity highlights that show the way forward to support climate resil-
ience, significant challenges remain. There are numerous gaps in actions, tools and
methods that need to be scaled, as only some countries have working solutions. Or the
solutions are only being addressed in some countries in the global north. Or they are
context specific solutions which need to be documented and shared to other countries
for domestication. Or they reflect goals currently being worked on at country and local
levels. The tools, methods and actions described here need to be scaled up dramati-
cally within countries and across the world.

Many land administration and geospatial systems have not yet been re-designed for
climate resilience putting people, economies and the environment at risk. Coordina-
tion across government, involving for example Lands Departments with the environ-
mental sector, is not yet robust. This means that financial capacity and the ability to
access green funding is a key constraint. The digital divide between the global north
and south can be a key constraint. There are very few opportunities for surveyors, par-
ticularly in the global south, to be trained in climate resilience. This would be a key step.
To expand the workforce more surveyors need to move from data collection to data
management enabled by the new technology. These are just a few of the main chal-
lenges. Some of these challenges are noted in the Climate Action sections below as a
reminder that much work still needs to be done. The target audience of this publication
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are the whole range of professionals within the global surveying community, with a
focus on professionals working at national and local levels.

While the material is drawn from case studies and use cases, these are not presented.
Instead, these can be found in the hyperlinked papers in the FIG technical programmes
for each conference and can be found on the FIG website. These papers give a very rich
and detailed set of cases on surveying for climate resilience, across the Commissions
and in a wide variety of contexts.

In summary, the first 9 Climate Actions focus on the fundamentals of all professional
surveying for climate resilience namely:

e Professional ethics and standards;

* People, surveying and governance;

* Testing and developing new data acquisition tools;

* Increasing technical capacity, including Al use;

* Quality assessment;

* Government-led response to climate issues, including local government;
* Customers and users of surveying for climate resilience;

* Education, training and continuing professional development;

* Scaling up the work force.

This is followed by 6 Climate Actions focussing on situations where surveying for cli-
mate resilience is mainly found namely:

* Rapid, agile, climate resilient fit-for-purpose land administration;
¢ Strengthening marine data systems;

* Re-designing urban and peri-urban systems for climate resilience;
* Sustainable rural land management;

* Disaster risk management;

¢ Climate, conflict and land.

The final Climate Action is about the ‘Role of international surveying bodies!

No Al was used to create the contents of this publication. Only one of the many review-
ers used Al (co-pilot). Readers are however encouraged to use Al to summarise this
publication in terms of their own interests if they have insufficient time to read the
whole publication.
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2 SURVEYING FUNDAMENTALS AND CLIMATE
RESILIENCE

The nine Climate Actions in this section focus on the fundamentals of surveying for cli-
mate resilience. These are: Climate Action 1. Professional ethics and standards; Climate
Action 2. People, surveying and governance; Climate Action 3. Testing and developing
new data acquisition tools; Climate Action 4. Increasing technical capacity, including Al
use; Climate Action 5. Quality assessment; Climate Action 6. Government-led response
to climate issues, including local government; Climate Action 7. Customers and users
of surveying for climate resilience; Climate Action 8. Education, training and continuing
professional development; and Climate Action 9. Scaling up the work force.

2.1 CLIMATE ACTION 1: PROFESSIONAL ETHICS AND STANDARDS

Surveyors are known for their professionalism, ethics, respect for legality, accuracy,
compliance, precision and measurement skills. They represent in two, three or four di-
mensions what is on the ground with minimal error and produce authoritative and
informative data from it. This expertise puts the surveyor at the forefront of robust
climate action. The use of new technology to support climate resilience requires new
types of ethical judgements and protocols, including international, national and local
standards.

2.1.1 Frameworks

1. Strengthen professional ethics and standards. New technology and the need
to respond with rapidity and agility to climate and natural disaster crises places
more responsibility on the surveyor to:

i. manage and protect data;
ii. assess different options;
iii. protect the environment and people’s land rights.

2. Develop new geospatial data sharing policies supported by the legal frameworks
to facilitate multi-agency collaboration for more effective decision-making and
climate action.

3. Respond to evolving climate-related legislation, regulations, standards and
disclosure requirements.

4. Create and formalise climate resilient FFP standards, including geospatial data
interoperability and rapid data acquisition standards. This has implications for
legal systems, standards, spatial frameworks and technology.

5. Re-design surveying systems for climate adaptation and mitigation that delivers
the best outcomes for vulnerable people and communities. Ensure that technical
innovation and new systems do not increase risks to people and vulnerable
populations.

6. Avoid developing stand-alone FFP projects or new systems that are not
sustainable once the project is complete. Instead consider starting with
minimum standards that are upgradeable within the legal framework(s).
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2.1.2
1.

2.1.3

2.

Specific standards

Develop and embed new standards within targeted industries, such as mining,
and/or within a NSDI or other government systems. Develop industry-wide
standards including international system comparisons (for example Open
Geospatial Consortium (OGQ)) standards on climate.

Design applications linked to the International Organization for Standardization
ISO/TC 211, including fast tracked standards where implementation is ready as
the standard goes to publication. This is key for data sharing across communities
of users. It enables members of the geospatial community to ensure their data
harmonizes with other data within their domain and across domains and
jurisdictions. This approach can also be used for cross-boundary climate actions.

Adapt ISO 19115 Metadata and ISO 19157 Data quality standards for climate
action. Use open standards that support Findable, Accessible, Interoperable and
Reusable (FAIR) data use (ISO-TC 211).

Manage transparency issues around the sourcing of spatial data, modelling,
public domain data, privacy, legal and professional requirements and
cybersecurity issues. Be aware of governance requirements around ‘what data
is needed for whom!

Standards and people

. Build ethical capacity and resilience into dealing with conflicts over natural

resources, land, water and the marine environment. Balance the needs of people
with global environmental goals for the future of humanity and economic
growth/poverty reduction goals.

Photo 4: Indian tiger crossing Bandhavgarh National Park boundary
into human settlement areas. Photograph courtesy of Paul Augustinus.

Strengthen climate action standards relating to ‘Rights, Restrictions and
Responsibilities’ in land, which involves the protection of the land rights of
vulnerable communities affected by climate impacts. This involves both the wise
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use of incompatible land use practices, and re-assessing climate risk to protect
people, the environment and the economy.

Create specific standards and protocols for spatial data use in sensitive locations,
such as Indigenous territories and protected natural areas. Incorporate the
principle of data sovereignty into climate management where data generated
by local communities remains under their control.

2.1.4 Challenges

1.

2.2

New climate-related judgements are needed to ensure land-related ‘Rights,
Restrictions and Responsibilities’ obligations are followed, as the profession is
challenged to develop new land, water, marine, natural resources and carbon
business models to support climate resilience, including the allocation of carbon
credits.

Keeping up to date with new technology and using it to address the more
complex problems emerging, and within an ethical framework is not easy, either
in terms of capacity or finances.

Issues related to climate-related data transparency for a range of stakeholders,
including vulnerable people, is a key issue that needs more attention.

CLIMATE ACTION 2: PEOPLE, SURVEYING AND GOVERNANCE

Climate change has a disproportionate impact on low-income communities around
the world, the people and places least responsible for the problem. Surveyors should
support governance and climate justice. Surveyors can provide rigorous positioning
frameworks and the authoritative data needed to support effective location-based cli-
mate resilient solutions and address equity issues linked to social, racial and environ-
mental injustices.

2.2.1 Tools and methods

1.

Weigh the impact of surveying for climate resilience actions, tools and
methodologies and their effect on people, particularly vulnerable populations.

For decision-makers, use geospatial data, statistics and modelling for the design
of cost-effective scenarios to weigh the opportunities and risks of policies,
programs and projects for 1/economic growth/poverty alleviation, 2/protection
of the environment, and 3/people, (see Figure 2 below). Governments are setting
these 3 as national goals to be achieved simultaneously (Brazil, South Africa,
Indonesia). Surveyors’ work currently contributes to all 3 of these, although not
necessarily at the same time. Using spatial data to analyse the 3 simultaneously
is being scaled up, through the analysis of large datasets for climate action
scenario development. Surveyors need to be more actively involved to increase
its usefulness.
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Political & policy decision making based on surveyors'

Political & policy i
decision making guldance

Identify & compare priority options, trade-offs, potential
2= compromises around the 3 goals using geospatial data
CEVELTIET S analysis & statistics as preparation for step 5.

Scenario
development

Develop rapid & agile systems to measure & monitor;
R EEETTEN  climate resilient FFPLA; quality assessment; use cases;
(e nEL S credibility with government & customers for climate action.

Data collection, acquisition, cleaning, inter-operability for
national/local climate contexts.

Data collection &
management

Figure 2: The surveyors’role in decision-making to achieve national goals — environment,
economic and people. C. Augustinus and D. Dumashie, 2024, Linkedin. Graphic adapted
by and courtesy of U.E. Chigbu, 2025.

3. Surveyors can contribute a range of skills and knowledge to facilitate such
scenario development including:

i. professional ethics;
ii. measurement, monitoring and verification skills;
iii.  technical and innovation capacity;
iv.  climate modelling;
v. testing new use cases and developing tools;
vi. development of rapid and agile systems;
vii.  building climate resilient FFPLA systems;
viii.  quality assessment capacity;
ix. afocus on standardisation;
X.  risk management;
xi.  credibility with government and other customers and users of surveying

services;
xii.  support to national, regional and local government-led climate actions;
xiii.  the role of international surveying bodies advising on best practice.

4. Strengthen policy and legal frameworks, administrative procedures and capacity
to ensure climate-responsive land governance, geospatial data governance and
environmental governance in the face of climate change. Protect and help to
strengthen IPLC land and natural resource rights and their access to Payment for
Ecosystem Services (PES). This includes through:

i. government led policy and legal reforms;
ii.  multi-stakeholder strategies in the short, medium and long term;
iii. equity and rights recognition (for example Free Prior and Informed
Consent (FPIC));
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5.

iv.  responsible governance;
v.  participation;

vi. benefits;

vii.  financing mechanisms.

Align the adoption of Al in surveying for climate resilience with ethical principles
and territorial data sovereignty. Al should contribute to strengthening territorial
rights, equity, and climate governance, and not to generating new information
asymmetries, exclusion, or technological dependence. Data generated or used
in the territories of IPLC must be managed responsibly, respecting the principles
of FPIC, community control, and the ethical use of information.

Build the capacity of regional and local governments to implement land
management that supports climate resilience and protects the land rights of
vulnerable people affected by climate change.

Train IPLC people and vulnerable communities in the use of tools for climate
action, particularly in the global south, and promote an inclusive approach to
capacity building. Empower these communities, raise awareness and increase
their geospatial literacy about environmental issues. Foster ownership and
encourage active participation in environmental protection initiatives.

A wide range of land management approaches are needed for people and
climate action (see examples below).

EXAMPLES OF LAND MANAGEMENT APPROACHES: 1) land rights in forests; 2) geospatial analysis of
land tenure and land use patterns; 3) grassroots and local communities disaster manage-
ment; 4) community mapping for sustainable development; 5) geospatial data in Small Is-
land Development States (SIDS); 6) documenting the land tenure of small scale farmers to
improve environmental protection; 7) demarcating forest boundaries; 8) demarcating game
reserve boundaries and biodiversity corridors; 9) participatory and model-based land man-
agement for climate-adaption and development in high risk areas; 10) carbon offset projects.

2.2.2 Challenges

1.

Climate change and climate induced disasters are a threat to the security of
tenure, land rights and livelihoods of vulnerable communities.

There is a lack of land law and implemented regulations to manage the impact
of climate change on vulnerable communities.

There is often weak tenure security with little or no land information about IPLC
people, women and informal settlers/temporary residents land rights, thereby
undermining the ability to address environmental impacts and challenges.

Most climate projects are being undertaken without reference to the land
administration system, which is likely to impact sustainability, scalability and
people’s land rights. Climate projects need to be linked to the land administration
system, such as the large scale internationally funded climate projects known as
Reducing Emissions from Deforestation and Forest Degradation in Developing
Countries (REDD+) projects.

. Climate adaptation and mitigation projects, such as solar panels, forest

conservation or infrastructure projects, can exacerbate the competition over
land and affect vulnerable communities.
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6. Climate and land governance is insufficiently linked at national and local levels
and during the implementation of projects.

7. Regional and local governments often lack the capacity to implement land
management approaches (see examples above) that support climate resilience
and protect the land rights of vulnerable people affected by climate change.

2.3 CLIMATE ACTION 3: TESTING AND DEVELOPING NEW DATA AC-
QUISITION TOOLS

Surveyors develop and use software and associated tools that enable reliable geodata
analysis critical for monitoring, mitigating and adapting to climate change. They also
develop data dissemination tools that increase the accessibility of climate-related data,
build new data standards and new business processes. Surveyors need to continue to
develop, re-design, test, innovate, experiment and pilot novel procedures using new
technology to meet evolving climate resilience demands.

Re-design involves the use of existing, new and evolving technology for increased ef-
ficiency and addressing the additional complexity associated with climate uncertainty.
Complexity will increasingly define risks and opportunities. It will motivate surveyors to
move beyond hierarchical and linear thinking to new forms of systems thinking (both
for new and existing systems). Re-design will be required for the management of dis-
tributed climate actions for a range of stakeholders and ecosystems of data involving
government, private sector, academic, non-government and citizen roles.

2.3.1 Tools and methods

1. Adapttools and applications for data collection and analysis developed at global
level for country-level and local contexts. Use base minimum requirements and
iterative development with climate resilient FFP standards and design - not
‘science fits all’ Design for replicability and scale.

2. Develop new tools and NSDI that links surveying and climate related variables
impacting land, water and marine environments to support sustainable resource
management and climate resilience. Operationalise this data and analysis into
national environmental policies.

3. Design 3 Dimension/4 Dimension (3D/4D) geodata, digital twins, Building
Information Modelling (BIM) and scenario simulation for risk analysis and to
support green development, such as for cities and communities. Implement
digital twins to simulate drought, flood, and hurricane/cyclone scenarios,
supported by satellite and Internet of Things (loT) data. Use digital twins for
ground water assessment, waste management and measuring urban heat
island (UHI) effect.

4. Use geospatial technologies, tools and innovation, such as Unmanned
Aerial Vehicle (UAV) photogrammetry, Light Detection and Ranging (LiDAR),
Interferometric Synthetic-Aperture Radar (InSAR), Geographic Information
Systems (GIS), for real-time data capture and dissemination of information
to decision-makers to develop strategies for climate resilience, including
sustainable natural resource management.
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5. Use the IoT to create interconnected systems to facilitate continuous data
capture and assessment. Increase the use of uncrewed systems, such as UAVs,
Unmanned Surface Vehicles (USVs), Autonomous Underwater Vehicles (AUVs)
for rapid and agile data acquisition. Re-design these systems for online-based
surveying, in-person surveying and mobile mapping.

6. Support climate scenario development with harmonised software, data formats
and interfaces, to include what exists, land rights, environmental hotspots (for
example areas of biodiversity, degradation/restoration) and land use overlays,
land use planning and strategic visualization.

7. Learn from how digital twin approaches have been adapted to accommodate
surveying (accurate real world) and BIM (planned world) and what building
blocks are needed to create this approach for climate, which may need a long-
term view.

8. Use platforms like Copernicus, which provides free satellite information for
global monitoring, Google Earth Engine which enables large cloud-based
geospatial analysis and USGS's Earth Explorer platform for global datasets on
climate, disaster response, land use/land cover. Platforms like these reduce the
digital divide and democratize access to environmental and disaster risk data.

Photo 5: Digital twin used for the design and layout of a transmission line, using geospa-
tial models to simulate the real environment and optimize infrastructure planning, 2024.
Photograph courtesy of Federal Electricity Commission of Mexico.

9. Enhance metadata creation and collection/classification and build capacity to
use metadata even if it is spatially or contextually limited, together with quality
assessment.

10. Enable real-time BIM data accessibility for accurate building layout and as-built
verification, thereby underpinning design and planning implementation for
climate resilience.
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11.Bring together data creating unified smart digital reality of buildings to identify
conditions and understand what maintenance is needed during a building’s
lifetime to maximize its lifespan. Document entire buildings before embarking
on repairs, reconstructions or renovations.

12.Develop cost effective local data collection and analysis applications to
determine land cover/land use baselines, critical infrastructure, socio-economic
vulnerabilities, including elevation models and historical datasets.

2.3.2 Artificial Intelligence (Al), machine learning and foundational
models

1. Use Al, big data analytics, neural networks and machine learning powered
systems to support decision-making based on spatial data analysis, while
ensuring human level oversight is retained.

2. Open new pathways for data driven geospatial decision-making by using the
Large Language Models (LLMs) being proposed to streamline and make more
efficient GIS analysis.

3. Use Al in geospatial applications to enhance different types of decision-making
(see examples below).

ExampLEs oF Al IN GEOSPATIAL APPLICATIONS: 1) for predictive analytics; 2) efficient work-
flows; 3) scale image recognition and visualisation; 4) scenario development; 5) trend and
pattern recognition; 6) more easily provides meaningful insights; 7) more accurate predic-
tion and automation; 8) to handle and clean vast geospatial datasets thereby increasing
the scale of projects; 9) improvement of the quality of the work; 10) to move from special-
ized tools to general applications; 11) from sensors to solutions.

4. Increase access to archived and non-public geospatial data (for example non-
geo-referenced aerial images) for rapid and agile climate action, noting that Al
geospatial analysis is limited by data scarcity.

5. Support decision-making by using machine learning in geospatial applications
(see examples below).

EXAMPLES OF MACHINE LEARNING IN GEOSPATIAL APPLICATIONS FOR DECISION-MAKING: 7) fOI’
more rapid climate action; 2) neural network and machine learning improves land use
change detection and accelerates cadastral updates, providing invaluable inputs for disas-
ter risk reduction; 3) changed design and rendering of the world in countless ways; 4) auto-
mated detail design; 5) accelerated design processes; 6) use of organizational knowledge;
7) combining multiple parts of work processes; 8) reduction of errors; 9) connecting digital
and physical worlds; 10)creation and use of classification taxonomies; 11) workflow design;
12) information/feature extraction and classification.

6. Use Aland applications of augmented reality (AR), virtual reality (VR) applications
and extended reality (XR) linked to the improvement of communication and
information system software, to fast-track climate action.

7. Integrate pre-trained models and Al Application Programming Interfaces (API)
(Google Vision, Hugging Face, OpenAl) in the classification of satellite images
and climate data.

8. Use deep neural networks and transformers for early detection of vegetation/
land cover changes, water bodies, and urban sprawl.
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9. Use Al trained foundational models that enable cross-sensor modelling (see
examples below).

10. Utilise foundational models that are being developed to monitor global land use
change that need to be integrated with local land use data to improve climate-
related land management.

EXAMPLES OF USE OF Al TRAINED FOUNDATION MoDELS: 1) for more accessible high-quality
geospatial image classification; 2) video analysis; 3) depth estimation; 4) measuring the
distance between two objects in an image; 5) querying images; 6) cleaning up images. Use
Al, machine learning and visualisation approaches to overcome one of the greatest chal-
lenges for land-related climate action, namely large-scale (non-forest) data analysis of land
use change and other changes.

11. Onlyin emergencies must Al as a“black box”be trusted to do the rapid processing
needed to address the problem (Nepal). Integrate geospatial technologies with
machine learning for enhanced disaster management.

Photo 6: Automated identification of water bodies and areas with water presence using Al
applied to planning reconstruction strategies after Hurricane Otis, Mexico, 2024.
Photograph courtesy of Federal Electricity Commission of Mexico.

2.3.3 Challenges

1. Caution must be used with generative Al and LLMs. Data accuracy and reliability
must be ensured with cautious data management. Governments are being
cautious about generative Al and LLMs in the geospatial domain regarding the
use of Al, sharing data with Al and relying on Al.

2. While commercial Earth Observation (EO) data sources are very good, they are
not focused on low-cost, high revisit and/or coverage constellations which much
of the anticipated market expansion will look to utilize. Only very recently has
EO data become more readily available. The market for EO has huge potential
for Environmental Social and Governance (ESG) and carbon trading frameworks,
but the details have still to be worked out.

3. The digital divide between the global north and south.
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4. Some geographic areas and spatial data topics are better covered by spatial data
than others, such as for example countries from the global north.

5. Climate related spatial data using satellite imagery is common, but it is often
not sufficiently accurate, or at the right resolution or detail for national and local
planning and implementation. It is challenging to find the additional spatial
data methods needed to make it useful at the right resolution and detail.

6. There are insufficient or incomplete spatial data base sources that are accurate
and transparent for climate action. Those datasets that do exist are often not
publicly available.

7. Shortage of useful publicly available climate and spatial information models that
can be used to predict climate change, forecast and build scenarios using spatial
and historical data to support policy makers. Use of climate models requires
high levels of knowledge, high specification computers, extensive computing
power, data base and internet access, all of which is not always available in the
global south.

8. Data, methods and models are often not accurate, robust, tested or quality
assured. There is little focus on comparing and contrasting emerging new
methods and models, technology and satellite and aerial imagery to quality
assure their accuracy and correctness.

9. There is an inability to design base minimum system requirements which
facilitates iterative development.

10. Land Information Systems (LIS) are land focussed rather than also including the
climate related variables that impact land tenure, land use, and development.

2.4 CLIMATE ACTION 4: INCREASE TECHNICAL CAPACITY,
INCLUDING Al USE

New and complex climate challenges can be addressed, in part, because of new tech-
nology. Increasing technical capacity for climate resilience also involves a strategic, re-
sponsible, and regulated adoption of Al and advanced digital technologies within sur-
veying and geospatial workflows (South Africa). The use of Al in geospatial applications
offers significant opportunities to improve analytical capacity, response speed, and
informed decision-making. However, Al should be understood as a decision-support
tool, designed to augment the analytical capacity of professionals, and not as a substi-
tute for expert judgment or the fundamental principles of surveying. In this context,
its implementation should align with FIG's FFP approach, ensuring that the level of ac-
curacy, technological complexity, and operational effort is proportionate to the risk,
scale, and impact of each climate application. Clear principles should be adopted that
guarantee reliable and ethical results, especially when applied in contexts that affect
people, territories, and critical infrastructure. Al use should always be in accordance
with national rules.

2.4.1 Tools and methods

1. Design harmonised digital reference frameworks for surveying and climate.

2. Re-design reference frames and geodetic systems (particularly the International
Terrestrial Reference System (ITRS) and Frame (ITRF)) to account for changes
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in earth systems due to climate change including: tectonic plate motions;
land deformation and subsidence; glacial isostatic adjustment; polar ice melt;
monitoring Earth’s gravity change over time (Satellite Laser Ranging (SLR)).

3. Use Al with explicit human oversight mechanisms (human-in-the-loop and
human-on-the-loop) in critical contexts related to climate resilience, such as
for land administration, cadastre, land-use planning, strategic infrastructure,
disaster risk management and the protection of territorial rights. These human
oversight mechanisms ensure that the results generated by automated models
are reviewed, validated and, where necessary, corrected by professionals trained
in surveying, geomatics, and geospatial sciences, preserving professional
accountability and the technical traceability of decisions.

4. Ensure that the Al model’s level of complexity, the required spatial accuracy,
and the temporal resolution is proportional to the risk, scale, and impact of the
climate application. Al should be designed to respond to real and contextual
needs, avoiding oversized or inappropriate solutions that compromise the
system’s sustainability or hinder its implementation at the local level.

5. Undertake systematic quality assessment processes of Al models applied
to spatial data, including, at a minimum, verification of spatial accuracy,
identification of geographic and temporal biases, representativeness of training
data, and explainability of the results. Base Al models on geospatial data whose
quality has been assessed in terms of accuracy, completeness, consistency,
and currency. Identify and manage spatial and temporal biases arising from
uneven data distributions, as well as to clearly document the limitations of the
generated results, in accordance with the principles of quality assessment and
testing of new tools.

6. Use internationally recognized regulatory and technical frameworks to do
this, such as the ISO 19100 series standards (data quality, metadata, and
interoperability) and the Open Geospatial Consortium (OGC) specifications
(Australia), which facilitate the exchange, harmonization, and reliable reuse of
geospatial information.

7. Develop data using standards that machines can be trusted to interpret.

8. Undertake explicit local recalibration and validation processes for models
trained with global or generic data to ensure their suitability for specific national,
regional, and community contexts, particularly in regions of the global south
where environmental, social, and territorial conditions exhibit high variability.
The absence of these processes can lead to inaccurate or biased results that
compromise public decision-making and institutional trust.

9. Ensure that Al is built to incorporate training data from data scarce areas so that
bias is reduced in output.

10. Strengthen the algorithmic governance of geospatial Al, guaranteeing
complete data traceability, model auditability, and transparency in the analysis
processes. “Black box” approaches should be avoided when Al results inform
public policies, infrastructure investments, decisions that affect vulnerable
communities, territorial rights, land use planning or critical infrastructure.
Models and methodologies aligned with the principles of Responsible Artificial
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Intelligence (RAI) should be prioritized. These models and methodologies
allow for the interpretation, justification, and clear communication of results to
decision-makers and local stakeholders.

2.4.2 Institutions and capacity

1.

Integrate the implementation of geospatial Al into institutional governance
frameworks that address the management of technical, ethical, and social
risks. This includes assessing potential impacts on equity, privacy, security, and
environmental sustainability, modelling (see examples below), as well as for
alignment with national policies, requlatory frameworks, and recommendations
from international organizations.

Establish clear responsibilities for institutions that adopt Al for climate resilience
for the use, maintenance, and updating of models, as well as accountability
mechanisms for errors, unintended impacts, or incorrect decisions based
on automated results. This principle is key to strengthening public trust and
institutional legitimacy.

Increase knowledge, capacity, tools and methodologies across all spatial data
capture and analysis options to produce reliable geospatially based analytical
statements for decision-makers, particularly national and local government and
local communities.

Increase capacity to create interoperability for:
i. NSDI;
ii. dataacquisition;

iii. making data-sets interoperable, sharing and analysis across satellite
imagery;

iv.  photogrammetry;
v.  surveys of surveying data and climate data;

vi.  the use of cloud based geospatial solutions linked to communications.

5. Build capacity to use scaled spatial data for climate modelling at regional or

national scales (see examples below).

ExampLES oF cLIMATE MODELLING: 1) forecasting of events; 2) scenario development; 3) plan-
ning and implementation for managing vulnerable groups including SIDS; 4) managing
vulnerable terrain; 5) national and transnational biodiversity hot spots; 6) balancing en-
vironmental goals, food security, economic growth/poverty reduction and land and water
governance. Learn to use different data collection methods as a wide range of spatial data
is needed for modelling including: 1) metadata; 2) historical; 3) current; 4) 3D/4D, often in
real time (for disaster for example); 5) appropriate accuracy; 6) high resolution for detail;
7) land and property rights; 8) different climate contexts; 9) IPLC people and territories;
10) local data; 11) crowdsourced data; 12) citizen data.

6. Address the digital divide and where possible leapfrog with new technology,

such as using satellite imagery from various EO missions to map areas that have
not been mapped, or have not been recently mapped, or need to be mapped at
large scale.
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7.

Affordability and technical costs for innovation often underpins the digital
divide so consider base approaches with iterative steps.

Re-design for freely accessible/public data, open source, offline and weaker
computing power and technical and financial capacity options. Facilitate users’
needs and adaptations by building low-cost, high revisit and/or coverage
platforms. Address the technological challenge around consistent data
communication in remote areas.

Use intuitive interfaces that automatically reduce the learning curve and reduce
the likelihood of errors, with seamless data transfers between devices and
platforms which enhances a collaborative work environment.

10. Increase the technical options to clean up spatial data from multiple sources,

including quality assessment, at the level of accuracy and detail appropriate for
the task.

2.4.3 Challenges

1.

2.5

Surveyors need to increase their capacity at scale to be able to develop software
and associated tools that enable reliable geodata analysis critical for monitoring,
mitigating and adapting to climate change. They need to be able to effectively
extract and convert data from multiple sources into useful qualitative and
quantitative information that can inform decision-makers and guide them
towards implementing solutions. To do this more investment is needed in
geospatial infrastructure for climate resilience.

. The digital divide between the global north and south can be a key constraint,

this is particularly true for Al computing power.

There is a lack of capacity in assessing different surveying methodologies in
terms of the rapidly evolving technology, against cost, efficiency, time and
carbon footprint.

Technological advances have made it easier for people without a surveying
background to complete many geospatial data collection tasks. However,
they lack the knowledge to represent the data correctly in reference frames
and miss the technical field procedures for checking reliability and best data
quality. Surveyors need to fill this gap by increasing their ability to become data
managers.

There is insufficient capacity to develop spatial data and portals for climate
change adaptation and mitigation that are useful for local government and local
communities in terms of detail and replicability.

CLIMATE ACTION 5: QUALITY ASSESSMENT

Surveyors produce reliable, authoritative data based on robust science and should
work with other experts to build robust scientific evidence for climate action. Together
they should assess the quality of the co-created geospatial data and the technologies
used to create it.
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2.5.1 Tools and methods

1.

Quality assess, from a surveying point of view, the internal capabilities of
institutions to address the climate crisis in national contexts with respect to the
FFP technology trends that support climate resilience.

Ensure continuous quality assessment for climate resilience by introducing the
accreditation/licensing of surveyors undertaking surveying tasks for climate
resilience at the national, regional and local levels.

Increase capacity to assess various sources of technical innovation and available
datasets with respect to resolution, coverage, classification systems and record
length.

Assess system sustainability over the full data lifecycle from gathering and
maintaining data (for example an NSDI), to analysis, retrieval of results, and
continuous monitoring of progress through key performance indicators (KPIs)
(South Africa). This role is critical for tracking the success of adaptation measures.

Assess geospatial applications and data intended to adapt and mitigate climate
change, including the surveying methodology used and land, water and climate
data analysis for different surveying and climate target audiences and contexts.
There are a range of data sources for climate purposes, many of which are
freely available such as data from: earth observation; UAV photogrammetry;
ground observation; open street map; and Copernicus and Google Earth Engine
platforms. Quality assess the outputs from this data from a surveying context
and for those customers who want to comply with surveying standards.

Compare emerging methodologies and climate models, satellite imagery and
(historical) datasets as time series. Confirm data accuracy, integrity of the data
repository, data continuity and clean up and categorize the data, including
public or private metadata.

Assess the different technical methods and processes in terms of the rapidly
evolving technologies, against cost, efficiency, time, and carbon footprint of
each product and service.

Adapt and quality assure accuracies for rapid action and scale using satellites
for small-scale, UAVs for mid-scale, and terrestrial surveys for high-accuracy and
urban centres.

Assess Al products for integrity, data management and manage the risk
associated with Al and its bias. Risk categories include:

i. impaired fairness;

ii. regulatory infringement;

iii.  privacy concerns;

iv.  malicious use;

v.  security threats;

vi. interpretability and reliability;
vii.  impact on the environment, society and governance;
viii.  third-party risks;

ix. customer misunderstandings.

10. Ensure the production, use, re-use, and disposal of surveying equipment and

associated tools fits within a sustainable lifecycle.
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2.5.2 Challenges

1. Surveyors have generally not worked closely with environmental experts in
data collection and analysis. Surveyors need to build capacity and scale up
their ability to work with other experts and manage other experts to assess the
quality of co-created geospatial data.

2. Al quality assessment capacity for customers and users is weak.

3. There is a large gap in the accreditation/licensing of surveyors undertaking
surveying tasks for climate resilience at the national, regional and local levels.

4. There is a lack of capacity for identifying and assessing sources of technical
innovation and available datasets with respect to resolution, coverage,
classification systems and record length.

5. Work has started but needs to be scaled with respect to the re-use, and disposal
of surveying equipment and associated tools within a sustainable lifecycle.

2.6 CLIMATE ACTION 6: GOVERNMENT-LED RESPONSE TO CLIMATE
ISSUES, INCLUDING LOCAL GOVERNMENT

Government-led (including local government) climate action is critical to reach na-
tional environmental goals, which are rapidly evolving. Collaboration and coordination
across all of government have become key to the delivery of national environmental
goals and plans. National Land/Land Administration Departments have a vital, often
under-represented, role to play in supporting the delivery of climate resilience.

2.6.1 Coordination across government

1. Support national government decision-making in a range of sectors with
geospatial data and analysis. National governments are breaking down their
carbonemissions goals by sectorand then working outhowtoadaptand mitigate
the climate impacts. The sectors include agriculture, environment, urban,
transport, energy, mining, water, forests, waste management, manufacturing,
construction, and marine and more. Each sector requires context specific
geospatial data and analysis and land administration support.

2. Determine what land-related government departments need to do to deliver
on the national environmental goals and their capacity gaps. Identify the lead
government agency for each climate aspect (for example Agriculture, Energy,
Transport, Water etc). Support networking and collaboration between them to
achieve common objectives in achieving national environmental plans, such as
the Nationally Determined Contribution (NDC) on carbon emission reduction.

3. Strengthen access to funding for surveying for climate resilience by engaging
with Environmental Departments and committees and supporting national
environmental policies (see examples below). These internationally accepted
country reports linked to the COPs (Committee of Parties) are informed by
the interlinked challenges of climate change (carbon), biodiversity loss, land
degradation/desertification and sustainable development.

EXAMPLES OF KEY INTERNATIONAL ENVIRONMENTAL PLANS: 1) Nationally Determined Contribu-
tion (NDC) commitments of countries on carbon emissions; 2) National Biodiversity Strate-
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gic Action Plan (NBSAP) on biodiversity protection; 3) Land Degradation Neutrality (LDN)
on land degradation/desertification and restoration; 4) National Action Plan (NAP) identi-
fying actions for key national actions.

4.

Work with the Environment Department to develop country pledges (NDCs etc)
for these key international environmental plans that are more credible strategies
for climate resilience and ecological sustainability. Ensure that these country
reports address the impact of climate, biodiversity loss, degradation on the land
rights of vulnerable people through strengthened territorial justice and resilience.

Support coordination and partnering across government departments and
within public-private-academic partnerships to increase climate action delivery.
Support government-led multi-stakeholder approaches to upscale surveying for
climate resilience, including through capacity building and technology transfer.

Develop government policy-data feedback loops so that policy guides data
initiatives, while data initiatives also inform policy development. Use this to
facilitate adjustments to strategy and tactics.

Help to develop land policies, laws, regulations, institutional frameworks,
applications, procedures and disclosure standards that support climate
resilience and address a range of land related climate and disaster issues.

Support the development of a coherent sustainability framework in the built
environment industry. Develop robust building codes that support the adoption
of passive building designs and innovative technologies and align regulations
with national carbon emissions goals.

Help to create robust land and land use policies and legal provisions that
addresses landless and homeless people displaced by climate induced natural
disasters. Policies need to also cover conflict related to displacement and
migration, including in natural resource areas.

10. Support government to resolve regulatory conflicts around environment and

spatial issues.

11. Support cross border cooperation between national governments to manage

natural resources (Arctic region, discussed for The Gambia), such as mountains
and rivers, and competition over natural resources, such as water access.

12. Develop data to support different government departments to target owners/

rights holders for specific climate related communications (see examples below).

EXAMPLES OF CLIMATE RELATED COMMUNICATIONS FOR: 1) the reduction of vulnerability to
risks; 2) finding owners of polluting parcels; 3)identifying areas eligible for subsidies; 4)
identifying occupants requiring relocation during managed retreat such as for example for
sea level rise; 5) identifying resource permit holders rather than just owners; 6) identifying
rights, restrictions and responsibilities.

2.6.2 Areas of focus

1.

Invest in strengthening technical capacity, not only in digital tools and
computing power, but also in the development of professional skills, regulatory
frameworks, and institutional capacities, that enable surveyors to evolve from
data collectors to managers, evaluators, and guarantors of reliable geospatial
information.
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2. Support government to build capacity to undertake data collection and analysis
and scenario development for decision-makers, such as through using climate
models and simulation.

3. Use data and scenario development to balance the land, water and natural
resources demands of growing populations and rapid urbanization with
environmental goals, economic growth/poverty alleviation, and land
governance. Build capacity to identify priority options, potential compromises,
different scenarios for decision-makers etc. (see Figure 2. above).

4. Support government-led development of a climate strategy and road map with
key strategic outputs that support the adaptation of the land administration
and land tenure systems to be climate resilient. Support government to monitor
the KPIs of each of their NDC targets, across sectors and in the respective plans.

5. Support the creation of regional and urban land management recovery and
resilience plans for natural and climate induced disaster.

6. Re-design the Land/Land Administration and/or Environment Department’s
role to include support for both the monitoring of conflict over land and natural
resources and to simultaneously support government inspection/enforcement
teams on the ground, particularly in areas of deforestation.

7. Create user friendly standardised geo-data services, portals and interfaces for
local government and people on the ground to support climate impact.

8. Manage public/state land and other public assets to mitigate the effects of
climate change. Major areas of focus should be the periphery of cities as urban
sprawl impacts climate sensitive areas, natural areas and agriculture/food
security. Coastal cities sprawl will be impacted because of forecast sea level rise.
Protect biodiversity and manage land degradation in rural areas or green spaces
within or adjacent to urban areas.

Photo 7: Drought impact on grasslands and wildlife.
Photograph courtesy of Paul Augustinus, 1985.

9. Support local governments to be future ready through technology transfer and
capacity building.
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10. Increase public awareness of the evolving climate resilience legal framework

11.

that impacts their property, land, water, livelihoods, infrastructure, and of high-
risk areas where vulnerable communities are settled.

Develop cross border coordination mechanisms with neighbouring countries
to jointly manage shared ecosystems. Develop joint border spatial plans,
particularly for river basins and shared forests. Conduct joint environmental
and social assessments for cross boundary projects such as roads and energy
corridors (discussed for The Gambia).

2.6.3 Challenges

1.

2.7

Coordination across governments, involving Lands Departments with the multi-
agency environmental side of government, is weak. This means that financial
capacity and the ability to access green funding is a key constraint for Land
Departments. Lands/Land Administration Ministries need to be embedded in
national multi-agency environment committees.

Many countries’ climate reports (NDCs) to the United Nations do not consider
the land requirements needed for proposed mitigation actions. Major land gaps
have been reported. The land sector needs to provide support to government
so that they can assess the land requirements needed for climate mitigation,
including comprehensive reporting in their NDCs. This would provide a stronger
basis for measuring global carbon goals and their achievement.

Many governments do not have a coherent strategic framework, priorities,
road map, KPIs that support the adaptation of the land administration and land
tenure systems to be climate resilient.

There is limited capacity for Lands Departments to form partnership
arrangements with public-private-academic stakeholders to increase climate
action delivery.

A coherent sustainability framework for the built environment industry is often
missing, including robust building codes.

Governments are often unable to address issues because of regulatory conflicts
around environment and spatial issues.

. There are gaps in land policy and legal provisions to address landless and

homeless people displaced by climate induced natural disaster.

Cross border cooperation to manage natural resources is often missing.

CLIMATE ACTION 7: CUSTOMERS AND USERS OF SURVEYING
FOR CLIMATE RESILIENCE

Customers, users and governments need to be supported with geospatial data as they
respond to climate resilience market trends, regulatory requirements and disclosure
standards. They need to be helped to better understand and use geospatial data for
these purposes. New climate regulatory demands are regularly emerging for business-
es, customers and users. Data needs, and the way to meet these needs, is continually
evolving. Good customer service by knowledgeable surveyors is key for climate resil-
ience for people and the environment.
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2.7.1 Tools and methods

1.

Strengthen customer relations around new climate-related geospatial
technology capabilities and market segment to improve customer satisfaction.
Re-think how to market surveyors'knowledge, skills and approaches to be more
useful to customers and users for climate resilience as new markets open-up.

Surveyors should find innovative ways to ensure their clients understand the
value of their services in the climate resilience area of work.

Surveyors should provide services that add climate resilience value for their
clients, so they stand out in a crowd.

Use differentmethodsto appeal toarange of customersand users by undertaking
cost, time and quality assessments of the different types of technology.

Photo 8: Conducting photogrammetric drone flights to generate orthophotos,

digital twins, and cartographic products, aimed at emergency response following

Hurricane Otis, 2024.
Photograph courtesy of Federal Electricity Commission of Mexico.

5. Support customers to develop sustainable business models (see examples

below).

EXAMPLES OF BUSINESS STRATEGIES FOR CLIMATE RESILIENCE: 1) integration of climate resilience
into the business strategy; 2) setting targets/goals; 3) creating purpose/values; 4) creating
products/services; 5) showing evidence of impacts/action; 6) commitment; 7) leadership;
8) innovation; 9) communication; 10) transparency; 11) supply chain management and
monitoring; 12) insurability; 13) reporting to government to fulfil requlatory requirements.

6. Engage actively in public discourse and policy advocacy. Be part of the cultural

shift to ensure that policy is implemented through actionable steps. This should
also serve to attract new customers, users and new business strategies.

Support customers, including donors, who need assessed and measured
climate change impacts, linked to the environment and food, within a context
of constantly evolving legal disclosure standards (see examples below).
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ExAMPLES OF MEASUREMENT TYPES: 1) measuring land use change; 2) land degradation de-
sertification and drought; 3) biodiversity loss; 4) sea level rise; 5) flooding; 6) subsidence;
7) carbon estimation; 8) forests/ deforestation/ reforestation; 9) fires; 10) land-slides; 11)
earthquakes; 12) supply chains; 13) green and blue infrastructure; 14) heat islands; 15) utili-
ties management 16) impact of mining; 17) spatio-temporal changes in land cover/land
use change.

2.7.2 Challenges

1. Surveying and climate resilience is a rapidly evolving field and customers and
users cannot easily engage with it without the knowledgeable support of
surveyors. The ability to make this link for them so they can build new business
models needs more focus in the industry.

2. There is a gap in surveying and data delivery regarding the ability to engage
with new climate regulatory demands and disclosure standards.

3. There is increasing competition between geospatial data for climate resilience
provided by surveyors and that provided by other data scientists, with insufficient
understanding of the value addition of surveyors.

4. Surveyors often avoid participating in public awareness raising, a key issue in
this field.

2.8 CLIMATE ACTION 8. EDUCATION, TRAINING AND CONTINUING
PROFESSIONAL DEVELOPMENT

Surveying for climate resilience presents new challenges and opportunities for survey-
ors. New knowledge and skills, built on existing knowledge and skills, will be required.
While some of this can be acquired on the job, it will also involve dedicated education,
training and continuing professional development (CPD) courses.

2.8.1 Tools and methods

1. Use and adapt international guidelines, principles, methods and tools such as
the:

i. UN-GGIM Task Team work on Geospatial Information for Climate
Resilience;

ii. UN Economic Commission for Africa, African Land Policy Centre,
Guidelines for the Development of Curricula on Land Governance in
Africa;

iii. Arab Land Initiative of UN-Habitat/Global Land Tool Network work on
Strengthening Academic Foundations;

iv.  UN FAO and UNCCD Technical Guide on the Integration of land tenure
and combating desertification (see Useful References).

2. Undertake a government-led capacity assessment of the country and identify
gaps, opportunities and strengths for climate action by surveyors that need to
be filled by education and training on climate resilience.

3. Gear education, training and continual professional education towards scaling
up the work force to support climate resilience (see Climate Action 9 below).

36



4. Government should work with, and support training institutions to scale up the
workforce.

5. Embed surveying for climate resilience in surveying training programmes as core
curriculum, including as a new model for Teaching Essentials for Responsible
Land Administration (TERLA).

6. Create short courses for upskilling those already in the sector (CPD). Design
modular university courses in Al and Geomatics for climate resilience, with levels
ranging from fundamentals to advanced applications.

7. Partner with governments and NGOs to develop laboratories within existing
institutions working on geospatial resilience.

Photo 9: Young professionals and delegates at 5" FIG Young Surveyors Network Asia and
Pacific Meeting at the Land Management Training Centre, Dhulikhel, Nepal, under the
Ministry of Land Reform and Management, Government of Nepal.
Photograph courtesy of Government of Nepal.

8. Build capacity for climate action within Land/Land Administration Departments
by upskilling and embracing new technology to deliver climate goals.

9. Study the first principles that lie behind spatial data acquisition, systems and
software programmes, to more rapidly adapt workflows and technology for
climate action and innovation.

10. Learn how to:

i. assess the ecosystem of climate data available, quality assess its
usefulness for integration with the datasets traditionally produced by
surveyors, including for land administration;

ii. create cost effective use cases for scaling up action using new technology
applications with interoperability to support evolving climate impacts;

iii. measure and verify using climate data and analysis linked to land
administration data and systems and strengthen interoperability
between different datasets;

iv.  deploy, replicate and scale new climate actions, using surveying and
geospatial data and analysis, into government, non-government,
customers, society;
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v.  create future scenarios and assess potential trade-offs and compromises
between climate goals, economic and good governance goals;
vi. identify climate finance opportunities and write proposals to get it.

11. Strengthen a range of soft skills (see examples below).

ExAmPLES OF sofT skiLLs: 1) cross discipline and communication skills; 2) leadership, man-
agement and working with new stakeholders; 3) flexibility and adaptability to new oppor-
tunities; 4) customer relations; 5) ethics and the responsible management of technology
including Al for inclusive development and climate action; 6) how to respond to global dy-
namics (social, economic, environmental); 7) balancing FFP and standards through quality
assessments; 8) land governance issues in a competitive natural resource setting; 9) negoti-
ate precision, timeliness, cost, relevance and modern technology with ethical concerns; 10)
mediation, dispute resolution and conflict management; 11) how to better support clients
introduce climate resilience in their business models; 12) knowledge of the climate vocabu-
lary; 13) knowledge of the environmental goals’ countries are trying to reach; 14) what cli-
mate products are emerging that impact surveying and geospatial business (for example
NDCs, EEZ, carbon offsets).

2.8.2 Challenges

1. While there is a huge increase in knowledge in surveying and climate resilience, as
evidenced by the number of climate related abstracts submitted for FIG annual/
quadrennial conferences, this knowledge has not led to the creation of education
and training and short courses and professional development at scale.

2. The surveying industry has not yet identified the shortage of capacity building
options as a key issue.

3. Country-level capacity assessments of what is needed for education, training,
short courses, professional development have not yet started, often a key first
step to addressing a capacity gap.

4. Training institutions will need to be re-geared. While some institutions have
already engaged on this work (Nepal), most institutions need to start the journey.

2.9 CLIMATE ACTION 9: SCALING UP THE WORKFORCE

The climate crisis is rapidly unfolding. Surveyors play vital and varied roles in support-
ing climate resilience, from disaster recovery to green-blue infrastructure, to safeguard-
ing the land rights of vulnerable people and more. The work force needs to be scaled
up to play these roles.

2.9.1 Tools and methods

1. Determine the work force needed to respond at the scale necessary, including
through the introduction of new technology. Government should lead national
assessments regarding the delivery of the national environmental plans and
develop a strategy to scale the work force. Local governments should do the
same for their jurisdictions. Upskilling should be an integral component of this
upscaling.

2. Increase public-private-academic partnerships to build capacity, including
encouraging small firms to take a greater role.

38



Increase the number of qualified (licensed) surveyors and technicians. Attract
people into the industry who come from non-traditional backgrounds, such
as data and computer science, engineering or other Science, Technology,
Engineering, Mathematics (STEM) backgrounds, who are making the connection
between their skills and the importance of geospatial data and climate resilience.

Become data managers who coordinate data capture, use of the most
appropriate equipment by non-surveyors and assess data quality.

Support and employ women surveyors and help them to reach their full
potential.

Support young surveyors, who are often more familiar with new technology and
have a greater interest in addressing the climate crisis, to take leadership roles.

Develop a national framework for incorporating para-surveyors to help bridge
gaps in the availability of licensed surveyors, in countries with a shortage of
licensed surveyors. This could also facilitate rapid mapping and data collection
during climate-related disaster response.

Work with, and strengthen, the role of local authorities.

Increase scale and efficiency through workflow process and project management
software, automated processes, new cost and time effective management
technology. Adopt user-friendly workflow services that enable faster data
transfer between the field and the office.

10. Use Al responsibly to increase scale and efficiency.

2.9.2 Challenges

1.

There is a shortage of people with the skills, knowledge and capacity to
undertake surveying work. Immediate efforts are needed to scale up the
workforce to support climate resilience and emerging work as the crisis unfolds.
The surveying industry at global and national levels need to address this gap to
ensure national and international environmental goals can be met.

The surveying industry has not yet identified the shortage of the work force for
climate resilience as a key issue.

. There is little experience of how to scale up the industry and professional

work force to deliver climate actions at the scale necessary. Immediate efforts
are needed to scale up the workforce, focused on the surveyor’s role as data
manager, young surveyors and to encourage women into the profession.
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3 FOCUS AREAS FOR SURVEYING FOR CLIMATE
RESILIENCE

The six main focus areas for surveying for climate resilience are:

- Climate Action 10: Rapid, agile, climate resilient fit-for-purpose land administra-
tion;

— Climate Action 11: Strengthening marine data systems;

— Climate Action 12: Re-designing urban and peri-urban systems for climate resil-
ience;

— Climate Action 13: Sustainable rural land management;

- Climate Action 14: Disaster risk management;

— Climate Action 15: Climate, conflict and land.

3.1 CLIMATE ACTION 10: RAPID, AGILE, CLIMATE RESILIENT FIT-FOR-
PURPOSE LAND ADMINISTRATION

Land administration systems underpin the real estate and wealth of the world (see Fig-
ure 3. below). The climate crisis could be an important trigger that leads to changes in
land administration systems, facilitating the development of new and innovative FFP
systems that support climate resilience. While many land administration systems have
yet to embrace climate resilience, some countries are adopting new approaches (Brazil,
Pakistan, Nepal, Scotland).
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Figure 3: Size of global real estate in comparison to other sources of wealth in 2022
(2023). Sources: Savills Research, and Savills Research using World Bank, Bank for
International Settlements, World Federation of Exchanges, World Gold Council. Graphic
adapted by and courtesy of U.E.Chigbu, 2025.

3.1.1 Re-design FFP land administration systems for climate resilience

1. Re-design FFP land administration systems to make them more rapid and agile
for a range of climate related purposes (see examples below).

EXAMPLES OF FFPLA RE-DESIGN FOR CLIMATE RESILIENCE: 1) to give smallholder farmers, IPLC
land rights also so that they will look after their land; 2) access to land for displaced peo-
ple/resettlement; 3) expropriation and compensation; 4) access to new land for relocation
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and rebuilding with security of tenure and infrastructure; 5) pre-emption rights; 6) climate
strategic land use planning; 7) risk management; 8) mass valuation, including for adverse
impact on value or increase in value; 9) damages and disturbance for climate projects; 10)
land banking; 11) land consolidation; 12) land readjustment; 13) property taxation; 14)
land and property valuation; 15) valuation of ecosystems, environmental services, and cli-
mate risks.

2. Use FFP land administration (FFPLA) to increase the security of tenure of people
(SDGs 1,5), for land restoration (SDGs 1,5,15), carbon management (SDGs 7 and
13) and protecting biodiversity (SDGs 14 and 15).

-
9 Umm:
4 3
3“" Eﬂm wime. | 17 fiea: QTSI
ar DEVELOPMENT
@ GOALS

3. Use existing international frameworks such as the Framework for Effective Land
Administration (FELA), as part of the United Nations Integrated Geospatial
Information Framework (UN-IGIF).

4. Re-design all components of a land administration system, namely land tenure,
land value, land use and land development systems to be climate resilient.

5. Develop rapid and agile climate resilient FFP land administration systems with
flexible and affordable standards for different climate and geographic contexts
and audiences. Design base minimum system requirements followed by iterative
development and address the digital divide.

6. Identify, map and re-design FFP land administration toinclude important climate
locations such as wetlands (Uganda), peatland (Scotland), rivers, lakes, streams,
aquifers, and integrate them into national spatial plans and local development
schemes. Include cross-boundary shared ecosystems such as wetlands and
rivers. Demarcate and enforce riparian buffer zones and floodplain reserves
(discussed for The Gambia). Integrate groundwater protection into national and
local land use plans. Strengthen national water governance, administration,
management and data for climate resilience.

7. Develop interoperability between forest cadastres and land cadastres as they
often overlap, while re-designing a climate resilient FFP land administration
system.

8. Re-design land administration systems to support the development of blue-
green projects, such as World Bank funded infrastructure projects, within legal
frameworks to ensure sustainability and resilience.

9. Identify adequately priced land for: solar farms, hydroelectricity, transmission
lines, landscape and watershed management, flood management and public
transport.
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10.

11.

12.

13.

3.1.2

Support access to land, land assembly and dispute resolution at scale, through
robust land administration systems, to support the delivery of infrastructure,
networks, corridors and affordable housing. Often project land is already
occupied by informal settlements, with little information available about the
people who own the land, tenants, renters and temporary residents. People
with temporary residents’ rights are the most vulnerable to infrastructure
development and create challenges for land acquisition for infrastructure.

Work within legal frameworks by using new regulations to adapt to the climate
crisis. Respond to evolving climate-related legislation, regulations and disclosure
standards that impact property and land rights.

Land and nature are better protected where there are tenure security and
formalised rights, including formalised group and private rights. Introduce
multiple tenure systems for localised climate action, to support legal pluralism,
community tenure, continuum of land rights options, decentralised land
administration and community-based GIS systems.

Support local climate action through user friendly approaches and portals for
IPLC people and local governments.

Re-design FFP land administration data for climate action

. Re-design land administration systems data. The land parcel can form the

basis for flood preparedness, vulnerability mapping, risk assessments, climate
adaptation, data driven relief efforts, fair compensation to local communities,
emergency preparedness (Punjab, Pakistan) and enforcement of forest
boundaries.

Re-design the current processes of NSDI, land information system (LIS) and land
information management (LIM) systems to make them more useful to support
coordination across government, including by linking the land administration
and land use planning systems.

Re-design the current processes of NSDI/LIS/LIM by identifying the data and
workflow important for climate and disaster decision-making.

Create up-to-date land registry data for climate action, including of public/
state land and building rights and other public assets. Develop transparent
records and registers of land and property ownership and land rights, including
property and land and natural resources purchase prices, to achieve equity in
climate protection-related advantages and disadvantages.

Create a unified digital system for urban and rural areas for all government
departments (including local government), covering owners, tenants and
informal occupants.

Develop cadastral/land tenure maps/data ecosystems so that they include
the identification of rights, duties, responsibilities and restrictions about the
environment.

Increase capacity to identify, assess, clean, classify and link climate/carbon and
biodiversity and land degradation/restoration data, with land administration
data to produce analytical statements for decision-makers.
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3.1.3

3.1.4
1.

Clean data such as: DTMs, subdivisions and land plot design, registers of owners
andtenants, associated local land rights, publicland and roads. Increase technical
capacity using robust methods of workflow analysis, classification, accuracy,
fine-tuning datasets, cataloguing, visualisation and analysis for the integration
of different formats. Data quality often varies regionally and can be used in local
contexts with pragmatic approaches (for example wetland contexts in Uganda).

Continue the work on digitisation of the cadastre and land registries, including
by addressing data quality, cybersecurity and openness.

Re-design tools and methodologies

Innovate and re-design current land administration methodologies and re-
prioritise the focus of work. Re-design involves the use of new and evolving
technology for increased efficiency and addressing additional complexity and
climate uncertainty regarding:

i. cadastral and topographic data;
ii. geospatial data infrastructure;
iii.  land value (assessment of land value, collection of property tax);
iv.  land use (policies and spatial planning, land use control);
v.  sustainable development (economic, social and environmental).

Ensure that new land systems and projects, whether they are climate projects or
land projects or both together, are capable of being sustained.

Use new technology and insights to develop scalable solutions, new
infrastructure, interoperability, that suits technical and human capacity, time
available and budgets. Introduce the use of Al and remote sensing applications.

Develop new FFP business models use cases and show cases, involving all
stakeholders.

Re-design reference frames and geodetic systems to ensure land administration
systems are climate resilient using evolving technology.

Develop multi-purpose positioning infrastructure for sustainable land
administration systems and for development, also within the context of the
digital divide.

Re-design the Land Administration Domain Model (LADM), and the Social
Tenure Domain Model (STDM) that can be used by communities, to support
climate resilience.

Create one stop shops for digital geospatial land administration data that is
interoperable with climate data.

Land use planning

Re-design land use planning for adaptation and mitigation to avoid climate
problems and to build climate resilience. It should:

i.  balance governments’economic, environmental and societal goals when
managing land use change. This should be done with reference to the
context of local emergent priorities particularly in emergencies;

ii.  make good use of public land and derelict building spaces;
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iii. protect agricultural areas from encroachment by urban areas;

iv. facilitate risk identification and management and use hazard maps,
inventories of land occupation of informal residents, and maps of
potential relocation areas after disaster;

v.  be used for land use control, particularly of hazard-prone land, and the
prevention of inappropriate land use;

vi. support resettlement and relocation of displaced people (for example
SIDS and sea level rise) where appropriate;

vii.  control building standards that are enforced;
viii.  implement land use controls to prevent illegal land use change.

3.1.5 Valuation for climate resilience

1.

Strengthen state-wide valuation systems by the adoption of appropriate
international valuation standards (IVS) and professional practice capacity and
capabilities.

Support government and the private sector to re-design the valuation system
to also include natural capital for consideration when expropriating land and
paying compensation for registered and unregistered land. Develop clear and
transparent methodologies for compensation and insurance for climate related
damage to properties.

Re-design systems and update legislation to allow for banded or mass valuation
initiatives, including using technology for the assessment of climate impact.

Strive to ensure that valuation systems’ policies and laws take into account non-
market values, such as social, cultural, religious, spiritual and environmental
values where applicable.

3.1.6 Challenges

1.

Many land administration and geospatial systems have not yet been re-designed
for climate resilience putting people, economies and the environment at risk.

Most land administration systems have rigid laws and institutions which have
not been adapted to climate resilience. The bundle of rights associated with
registered land rights needs to also accommodate climate (carbon) mitigation
and adaptation, biodiversity and land degradation issues. Some of the issues
such an FFP land administration should be able to accommodate include for
example, land reclamation, dredging, uncontrolled construction/ development,
pollution, unregulated use, unclear zoning, informal occupation (discussed for
The Gambia) and soil sealing.

. Thereisalack of understanding of how-to re-design FFLA systems for adaptation

and mitigation and to work out best options for climate justice.

In many countries the majority of people’s land rights have yet to be documented.
Yet without security of tenure it is unlikely that people will look after the land
and its natural resources in a sustainable way. Land administration systems need
to be scaled up to meet this challenge.

Most climate projects are being undertaken without reference to the land
administration system, which is likely to impact sustainability. Climate projects
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need to be linked to the land administration system, such as the large scale
internationally funded climate REDD+ projects.

6. Current processes are not FFP in relation to expropriation, compensation for
land use and adverse impact on value, damages and disturbance, making it
difficult for comprehensive land use planning and the valuation of risk.

3.2 CLIMATE ACTION 11: STRENGTHEN MARINE DATA SYSTEMS

Geospatial data systems are needed to protect and manage the marine environment,
for example mapping plastic pollution, and for strengthening marine cadastres and
hydrospatial administration models. Robust geodetic and hydrographic surveying in-
frastructure, Digital Elevation Models (DEMs), tide gauges and benchmark networks, in
terms of the national vertical datum, are key to the protection and management of the
marine environment.

The more robust these systems are the more resilience there is in the system and the
better the response to the climate event. Accurate and reliable geospatial data is need-
ed to support decision-makers as they establish and regulate the multiple overlapping
rights associated with the marine and coastal domain, and to protect vulnerable coast-
al communities and infrastructure.

3.2.1 Tools and methods

1. Develop new tools and an NSDI that creates a seamless land and marine cadastre
and links surveying and climate related marine data.

2. Ensurethattechnicalinnovation does notincrease risks to people and vulnerable
populations using the marine environment.

3. Map coastlines with topographicand bathymetric LIDAR technology, particularly
areas that are highly populated, have significant coastal infrastructure, and
where there is a higher risk of coastal inundation and erosion. Use the data to
create detailed DEMs (3D maps) of the coast and adjacent seafloor. This provides
a baseline for future measurement of change because of climate events and
natural hazards, builds use cases, and supports the updating of nautical charts
for maritime safety. This will help decision-makers keep communities and
infrastructure safe and protect ocean biodiversity through improved habitat
mapping (New Zealand).

4. Re-design ITRF, ITRS and geodetic systems to account for changes in gravity and
glacier melt.

5. Plan for the use of large marine areas in Exclusive Economic Zones (EEZs),
particularly in SIDS, where tenure and use rights need to be planned for multiple
occupancies.

6. Address the digital divide and build the capacity of surveyors to capture data on
the large expanses of marine environment that SIDS must manage to address
the impacts of climate change (The Caribbean and Pacific Islands).

7. Design geospatial applications to manage the digital divide, that takes cost and
capacity into account. This is especially important for measurements of climate
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10.

11.

12.

3.2.2

3.3

impacts in SIDS and low-lying countries, which are disproportionately affected
by sea level rise, storm surges, tsunamis.

Recent satellite data from the Surface Water and Ocean Topography (SWOT)
system provides high resolution observations of sea level changes enabling a
more accurate assessment of sealevel changes. SWOT enables the high resolution
(within 1 km from land) monitoring of coastal regions, including coastal currents,
storm surges, and regional sea level change. It allows for detailed mapping of
coastal areas and understanding flood impacts. SWOT provides resolution from
kilometres to 10-25 metres and detailed observations of sea level change in
harbours, coastal areas as well as larger inland water bodies.

Satellite altimetry is a technique that measures the height of the ocean surface
by transmitting a radar signal from a satellite to the sea surface and recording
the time it takes for the signal to return. For more than three decades missions
such as TOPEX/Poseidon, Jason, and Sentinel have provided precise, global,
long-term observations of sea surface heights using satellite altimetry. These
measurements give comprehensive and accurate evidence of climate change
and sea level rise.

GNSS interferometric reflectometry (GNSS-IR) uses multipath noise to estimate
the height of coherent surfaces below the antenna. It is used in remote locations
(deployed remotely with a solar panel), where the installation of tidal gauges is
not feasible, to measure sea level, sea state and other environmental parameters.

For hydrology monitoring, live sensor data can be integrated with traditional
hydrology and hydraulic models ensuring the interoperability of spatial data
services with platforms including ESRI ArcGIS Online, QGIS, Waze, Google and
Mapbox.

Integrate big data analytics into existing geospatial frameworks to enhance
marine related disaster resilience.

Challenges

. Significant gaps remain in the development of a seamless land and marine

cadastre, and re-designed reference frameworks to address emerging global
climate conditions.

. There is a significant digital divide in terms of costs and capacity.

. There is a limited adoption of planned retreat/managed retreat (of people due

to sea level rise) options, including difficulty in managing uncertainty in the
climate models.

Data collection in the marine environments is still at an early stage. There is a
paucity of marine data by comparison to land data.

CLIMATE ACTION 12: RE-DESIGNING URBAN SYSTEMS FOR CLI-
MATE RESILIENCE

Rapid urbanisation is occurring in many parts of the world. Although cities are relative-
ly efficient carbon emitters because they are compact, they tend to sprawl into carbon
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sinks, such as wetlands, on their periphery because land on the periphery is cheaper.
Already there is a shortage of affordable housing to buy and to rent in many cities and
towns in the world. Property prices are increasing dramatically because of the short-
age of residential units, and the climate crisis will increase this effect. The climate crisis
will require new green-blue infrastructure and the redevelopment and rehabilitation of
existing infrastructure after natural disaster events.

3.3.1 Tools and methods

1. Support local government collaboration and coordination, both vertically and
horizontally, as well as with regional and national governments.

2. Develop policies and legal and institutional frameworks to support climate
resilience in urban and peri-urban systems (China) at national, regional and local
government levels.

3. Re-design urban systems at scale to support climate resilience for:

i. people;
ii. land and property and buildings;
iii.  the environment;
iv.  the economy/poverty reduction;
v.  scaling up formal housing delivery;

vi. informal settlement regularisation;
vii.  peri-urban developments, including their transition into urban areas;
viii.  the delivery of green-blue infrastructure;

ix. large scale climate induced migration and a high demand for urban land.

Photo 10: Digital twin showing the entire layout of the transmission line, with an approxi-
mate length of 60km through the urban and peri-urban areas, facilitating comprehensive
project planning and evaluation, 2024.

Photograph courtesy of Federal Electricity Commission of Mexico.

4. Re-design geospatial and cadastral systems for climate resilience without
undermining property rights (The Netherlands). In many countries surveyors
are one of the key custodians of people’s property rights.
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Develop climate-related geospatial landscape metrices and analysis for decision-
makers on cities, towns and their surrounding areas.

Strengthen urban LIS/NSDI systems integrated with climate data for land use
planning. Strengthen LIS or inventories outside of the formal land administration
system as many people do not have land rights documented within government
systems.

Understand how to systematize strategic land use planning and add climate
actions. Work out how to access land and corridors. Improve access to land
for green-blue projects, including utilities and infrastructure, such as energy,
infrastructure corridors, waste management, water (Namibia), roads and flood
barriers.

Identify public land, (which often has temporary residents), areas for
rehabilitation, old urban areas and infrastructure corridors, such as electric
grids. Use land use planning for displacement prevention and resettlement
management to ensure future urban growth does not negatively impact the
environment (discussed for The Gambia).

Land use planning needs to be linked to the analysis of carbon emissions impact
and focus on land intensification rather than only land costs (discussed for
China). Climate sensitive areas need to be identified during planning.

10. Create smart cities through:

11.

3.3.2

i. cost effective applications;
ii.  smartcity planning;
iii.  smart contracts;
iv.  green construction technology, designs and materials;
v. the promotion of environmentally responsible projects;
vi. resilience to flooding through flood monitoring and blue infrastructure
(sea level barriers and structures, breakwaters);

vii.  resilience to fires;
viii. smart transportation networks and safety measures governed by
automation;

ix. land management strategies that support climate resilience.

Design 3D, simulation, or digital twins for urban planning and green-blue
projects. Use repeatable and rapid reality capture, expandable and open
data modelling, and accurate and reliable data linked to new and evolving
technology. Scale up the use of large-scale digital twins for climate action and
scenario development for decision-makers in urban and peri-urban areas.

Green buildings

. Balance carbon reduction, energy efficiency and costs, particularly when

developing affordable housing.

Assess carbon emissions for the life-span of green buildings including upfront
carbon when building (construction material, transport to site, construction and
installation), building in-use (use, maintenance, repair, material replacement and
refurbishment, energy consumption), and end of life (demolition) (discussed for
South Africa).
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3.

5.

Adopt optimal designs, simplified sustainability tools, use locally available and
recycled materials and implement cost-effective energy-saving interventions,
such as building orientation for optimal thermal energy.

Use appropriate software to model embodied and operational carbon emissions
to control costs such as Revit, AutoCad, SketchUp outputting data into for
example OneClick LCA.

Take into account the reduction of operational emissions through renewable
energy technologies and insulation materials, contributing to the minimization
of energy consumption throughout the building’s lifespan.

3.3.3 Challenges

1.

3.4

Many local governments are under-prepared, ill-equipped, lack financial and
human capacity, and can be unwilling to invest in meeting the demands of
urban expansion. The climate crisis will increase their burden.

Local governments often do not have the legal responsibility within government
toaddress climate impacts. Climate functions and responsibilities is often unclear
between national and local governments (Middle East). This is particularly true
for land, a critical function needed to address climate impacts.

Many countries are not managing the urban sprawl impacting agricultural land,
wetlands and forests.

Freeing up land and corridors for blue-green projects, including utilities and
infrastructure, such as energy, infrastructure corridors, waste management,
water, roads and flood barriers, is complex also because they often have
temporary/informal occupants.

Many countries in the south have large scale informal settlements vulnerable to
climate impacts. Often informal settlement regularisation is not keeping pace
with their growth.

Green buildings often have high upfront costs associated with advanced
technologies and construction methods. There are often knowledge gaps
and inconsistent policies within the regulatory framework regarding green
buildings. There is also a lack of financial options for small developers. Legislative
support needs to be increased, as does industry collaboration. There is a need
for awareness raising in the building sector.

Large-scale climate induced migration to urban areas will increase the demand
for urban land, housing and services and augment urban sprawl. Urban areas are
often not prepared for this large-scale climate migration, particularly regarding
the lack of infrastructure to support urban growth.

CLIMATE ACTION 13: SUSTAINABLE RURAL LAND MANAGEMENT

Due to climate change and loss of biodiversity because of human activity, rural areas are
becoming more prone to deforestation, desertification, degradation, droughts, floods
etc. This threatens agricultural productivity, people’s livelihoods, economic growth/
poverty reduction and the achievement of national and global environmental goals.
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Neglecting rural sustainable land management undermines national food security,
ecological conservation and neutrality goals. Climate smart agriculture and environ-
mentally sustainable land use practices need to be promoted, and surveyors play a key
role in this. Land use change is a major driver of climate change and is responsible for
13-21 percent of carbon emissions, mostly related to agriculture and pastoralists. The
effects of climate change results in changes in livelihoods, human settlements, land use
patterns, and tenure systems. Surveyors are involved in these land use change deci-
sions, including access to, use of, and control over land and natural resources, and their
implementation and enforcement. Surveyors have a key role therefore in undertaking
actions quality assessed for their climate resilience regarding land use change.

3.4.1 Land use change and land use planning

1. Understand the environmental impacts of land use change decisions and move
to climate actions that support adaptation and mitigation. Measure, monitor
and track land use change to inform:

i. land use planning;

ii. land tenure security;

iii.  the valuation domain;

iv.  monitoring carbon emissions (discussed for Namibia);

v. theidentification of impacts of urban sprawl into agricultural and natural
areas (China);

vi. the identification of impacts of agricultural expansion into forests and
natural areas (Brazil).

2. Re-designrural land use planning for adaptation and mitigation to avoid climate
problems and to build climate resilience in rural areas (see examples below).

EXAMPLES OF RE-DESIGNED RURAL LAND MANAGEMENT: 1) manage forests and re-forestation
and avoid deforestation, particularly regarding the siting of roads; 2) land consolidation to
improve agricultural productivity and increase the extent of natural areas (parts of Europe);
3) create biodiversity corridors; 4) support the restoration of degraded watersheds and
rangeland; 5) support the decrease of livestock production (Ireland); 6) support the creation
of carbon offsets; 7) use public land to build climate resilience; 8) ensure sustainable land
management through appropriate land use allocation and control; 9) avoid hazard-prone
areas; 10) improve water and flood management; 11) protect natural habitats from agri-
cultural encroachment; 12) protect agricultural and natural areas from urban expansion.

3. Support blue-green civil engineering projects through monitoring and
infrastructure development of:

i.  wind turbines (on and offshore);
ii. corridors/connectivity for electricity grids and water management;
iii. flood management and structures;
iv.  deformation and analysis of engineering structures and environment.

4. Adopt and adapt new land management tools with scenario building features
to support the design and evaluation of policy options for land use, land use
change, particularly also in the forestry sector. Apply spatial filters to select
appropriate areas to implement predefined mitigation measures and visualise
their potential impact on the land use. Being able to review a range of scenarios
for different locations makes it possible to assess the amount of carbon reduction
potential, profitability, employment and habitat quality.
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Create geospatial workflows for climate, land use planning and the communities
(discussed for South Africa).

Use multiple tools and methods to create geospatial data on forests, invasive
species in conservation areas, land use/land cover, watersheds (Nigeria), lakes
and river quality (Ethiopia), wetlands (Nigeria), the impact of road construction
(Nigeria) and mining on the environment (South Africa), and for biodiversity
management (Botswana) and land use planning.

Where appropriate and ground truthed, use Al-driven insights for land
management.

Enable stakeholders to explore land management alternatives across spatial
scales and within different locations, also for land use planning in national and
regional contexts.

Use citizen science data for monitoring (discussed for Uganda).

3.4.2 Land tenure

Re-design rural land administration systems to include the majority of the
people, particularly in the global south, who often have no registered land
rights. Land and forests are often better protected where there are tenure
security and formalised rights, including formalised group and private rights.
Limited systematic land tenure documentation in rural areas, particularly for
local communities, hinders spatial analysis and climate action. The lack of land
record documentation and data about IPLC peoples’ property rights decreases
the government’s ability to support vulnerable populations, including during
natural disaster.

Introduce multiple tenure systems for localised climate action such as group
rights and the continuum of land rights (See Figure 4 below).

Continuum/range of land rights

Perceived tenure Adverse
approaches Occupancy possession Leases
Informal Formal
land rights land rights
Customary Anti evictions Group tenure Registered

freehold

Figure 4: The continuum of land rights. UN-Habitat/Global Land Tool Network, 2008.

3.

Ensure that the allocation of rights for specific parcels for large scale land-based
investments (LSLBI) is climate resilient and does not cause disputes with local
communities. Disputes can increase degradation as people stop looking after the
land. Often large-scale investments, such as in cattle or intensive monoculture
planting, can lead to deforestation.
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4. Monitor and measure to support decision-makers to manage land and natural

resources, where agricultural areas are illegally turned into urban areas and
forests and natural resource areas into agricultural areas.

Monitor the introduction of climate resilient practices in agriculture (discussed
in Nepal).

Ensure that the allocation of carbon offsets protects the land rights of local
communities (under discussion in Kenya). Carbon offsets are often termed
‘unbundled’ property rights. When carbon offsets are being allocated ask
‘what rights, whose rights, when were they acquired and what is the duration
of the right, and what are the spatial dimensions (location, extent, boundary
dimensions). Also check whether this information is in the public record and
linked to the land administration system.

3.4.3 Forests and biodiversity

1.

Increase geospatial work in forest areas as 50 percent of national environmental
commitments (NDCs) on carbon (carbon sequestration/storage) are about
forests, re-forestation, afforestation and the prevention of de-forestation.
This is a large emerging market for surveyors. Millions of people live in forests
often with no formal forest land rights. Forest edges are often un-surveyed/un-
demarcated. Forest issues that need to be addressed include ownership rights
(group and private), zoning (which often does not align with how people are
using the land) and buffer zones. Many areas under the control of Forestry
Departments have already lost their forest cover, or never had forest cover, or
are agricultural areas, or even urban areas.

Overcome coordination issues across multiple government agencies involved
in forest land and address legal challenges and create standard operating
procedures. Civil Society Organizations are critical partners at local level for the
social verification of land rights.

. Zoning and land use management for forests and adjacent land needs to be

in a unitary system to monitor forest encroachment. The forest cadastral data
and land cadastral data should be interoperable and/or part of the overarching
national cadastre.

Unregistered land rights within forests should be compensated when
expropriated.

. Thealienation of forest land for IPLC people can be FFP both in terms of technical

approach and administrative procedures. It does not have to be at the same due
diligence level as the alienation of land for mining for example.

Assess the impact of mining on surrounding forests and vegetation and use the
mining cadastre to protect the environment.

3.4.4 Challenges

1.

National policies on climate, biodiversity, sustainable development and
agriculture are not connected and are not informed by the work of surveyors,
which means the land tenure and ground truthing lens is generally missing
from the spatial data modelling climate forecasting. This seriously undermines
implementation of environmental measures.
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2. Surveyors generally work less in rural areas than in urban and peri-urban areas,
yet theirroleis critical for food production and the protection of the environment.

3. The competition over land as a resource, including climate-impact-secure
agricultural land (Nepal), increases the scarcity of land. This is also due to
land grabbing by powerful actors and governments. All of this leads to the
displacement of vulnerable populations.

4. Surveyors are often unaware that their work is closely linked to land use change,
which is one of the greatest drivers of carbon emissions.

3.5 CLIMATE ACTION 14: DISASTER RISK MANAGEMENT

Surveying knowledge and measurement skills are needed for a range of different types
of natural hazards and their intensity, which lead to disasters including hurricanes,
cyclones, storms, storm surges, tsunamis, floods, fires, landslides, glacial bursts, earth-
quakes, extreme temperatures, droughts and more. Climate-related disasters displace
millions of people around the world every year as their homes become uninhabitable,
their livelihoods unsustainable and their lives at risk in hazard-prone areas (Nepal, Zim-
babwe).

The land rights of vulnerable people need to be protected, and climate resilience pro-
moted in the face of natural disaster. Geospatial and land administration systems need
to be re-designed for the different natural disaster stages, to support specific local con-
texts, and to fit the different types of natural disasters. To address disasters, surveyors
need to be involved in: identifying and assessing risks; developing knowledge, institu-
tional capacity and political commitment for action; applying risk reduction measures;
providing early warning; preparing for disaster and emergency management; under-
taking post disaster recovery and reconstruction (see Figure 5. below).

2. Knowledge management
{information programs and
systems, public awareness
policy, education and training,
research in disaster reduction)

1. Risk identification and
assessment (determining and
analyzing the potential, origin,
characteristics and behaviour of the
hazard — e.g. frequency of
occurrence/magnitude of
consequences)

R

7. Recovery/Reconstruction
(decisions and actions taken in
the post-disaster phase with a
view to restoring the living
conditions of the affected
population)

3. Political commitment &
institutional development (good
governance to elevate disaster risk
reduction as a policy priority,

integration in development planning
and sectoral paolicies, implementing
organizational structures, legal and
regulatory framework)

SURVEYORS Y,
|

4

4. Application of risk reduction

measures (planning and

implementation of structural

interventions (e.q. dams, dikes) or

7 non-structural measures like
disaster legislation)

A A

6. Disaster preparedness and
emergency management (activities and
measures taken in advance to ensure
effective response tothe impact of a
hazard, including measures related to
timely and effective warnings as well as
evacuation and emergency planning)

5. Early warning (provision of timely
and effective information, through
identified institutions, that allow
individuals exposed to a hazard, to take
action to avoid or reduce their risk and
prepare for effective response)

Figure 5: The Surveyors’ Role in Disaster Risk Management (FIG, Boateng, 2012).
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Disaster risk management is fast becoming a core role of surveyors. They undertake
a range of fast-track responses for climate related natural disaster and displacement-
globally, nationally, regionally and locally (see examples below).

EXAMPLES OF SURVEYING FOR FAST TRACK NATURAL DISASTER AND DISPLACEMENT MANAGEMENT:
1) through geospatial data and early warning systems; 2) standby agreements and data
sharing mechanisms for rapid and real time access to trusted data; 3) accessible and inter-
operable digital land records and GIS data; 4) simulations; 5) drones; 6) GNSS; 7) aerial and
earth observation data; 8) hazard and risk mapping; 9) post disaster needs assessments;
10) digital twins and Al to optimize emergency response (Mexico’s electricity grid post hurri-
cane); 11) surveying for climate adaptation and mitigation strategies, including developing
resilient infrastructure.

3.5.1 Policy, legal and institutional

1. Use and adapt international guidelines, principles, methods and tools, such as
from the UN-GGIM Working Group on Geospatial Information for Disaster Risk
Management.

2. Strengthen land administration and geospatial policy, legal, regulatory and
institutional frameworks and strategies to address natural disaster (Indonesia)
and recognize all forms of land tenure rights. Secure land rights are vital for
recovery and reconstruction as they enable local communities to rebuild (lessons
from Bangladesh, Nepal, India, The Philippines, Vietnam) including through:

i. the harmonisation of disaster risk reduction policies with broader land
policies, laws and regulations;

ii.  resilient, inclusive and adaptive land use policies that reduce disaster risk,
enhance recovery, and safeguard the land rights of vulnerable people;

iii. the updating of the laws and regulations to address emerging climate
risks;

iv.  the prevention of natural disasters by implementing land-use policies
that restrict development in high-risk areas, such as floodplains or coastal
zones, to prevent the loss of life and property;

v. building collaboration between government, local government, civil
society and the private sector to coordinate land use decisions and
disaster risk reduction strategies.

3. Secure standby agreements or framework licences with cross border national
governments (China, European Union), regional governments or private
geospatial data suppliers, to enable emergency response, risk and recovery
from extreme weather events.

4. Facilitate cooperation between national mapping, cadastral and land registration
authorities to overcome legal barriers to data access for disaster response.

3.5.2 People and communities

1. Support government-led approaches to prevent, respond to, and recover from,
natural disaster in ways that embraces land governance to protect vulnerable
people.

2. Include land tenure security as a core component for post disaster recovery.
Ensure displaced communities can return to their land or receive adequate
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compensation. Ensure rapid and clear identification of ‘who’ has ‘what’ rights
‘where’ to facilitate reconstruction and minimize disputes.

Survey loss and damage to displaced people, infrastructure destroyed, crops
destroyed, land parcels destroyed, environment degraded, owners and tenants
displaced, mortgaged land destroyed. Identify loss of value and investments in
currently useful land, and land that was previously owned but can no longer be
used (discussed in Nepal).

Address the issue of landowners and tenants and occupiers regarding valuation,
compensation, reconstruction and relocation strategies.

Learning from international experiences, successful relocation is based on a clear
legal foundation, standardised and equitable procedures, effective land tenure
security, compensation measures, transparency, the simultaneous restoration of
services and livelihoods, as well as anticipatory and stable financing. All of this is
key for protection of the land rights of vulnerable people.

Work out what to do with the land use after disaster when undertaking strategic
land use planning.

Photo 11: Collapsed transmission tower after Hurricane Otis, Mexico, with

surveying personnel conducting the corresponding technical assessment in the field, 2024.

7.

Photograph courtesy of Federal Electricity Commission of Mexico.

Identify new areas for communities to re-settle with alternative livelihoods.
Support vulnerable people’s access to valuation (including natural accounting),
compensation, access to new land and tenure security during climate-induced
migration or relocation.

Evaluate and develop land management tools for climate induced displacement
and migration strategies for climate change, and for climate projects that require
the relocation of people, such as for forest conservation, solar farms, green/blue
infrastructure etc.

Engage with communities when preparing for natural disaster. Merge land use
planning, disaster risk assessment and management, and geospatial innovation
to enhance tenure security and build community resilience.

55



10.

11.

12.

3.53
1.

Map vulnerabilities, infrastructure, critical assets and environmental hazards.
Address the challenges of data gaps by working with local government.

Facilitate the use of participatory mapping to promote climate resilience, collect
field data and for risk profile visualization and risk management. Assess needs
and engage with stakeholders to accurately capture local vulnerabilities and
housing structure limitations.

Empower communities through awareness raising about risk, early warning,
insurance, access to investment and develop local adaptation plans of action.
Emphasize the use of geospatial methodologies in building the capacity of local
communities and build and maintain strong local partnerships to foster trust
and sustainability in disaster risk management. Replicate and scale.

Land administration

Develop approaches to assess and address the impact of climate-change
induced disaster on land administration systems. Land administration systems’
data facilitates the management of people and land parcels during natural
disaster and other climate related impacts (Bosnia-Herzegovina), such as for
climate migrants to cities.

Develop land management and land administration systems that support
climate resilience (Punjab, Pakistan) and build back better land tenure and
land administration systems that have been destroyed or degraded by natural
disaster, including effective government-led rehabilitation and relocation plans
for government facilities.

Re-design and build geospatial and land administration systems that can prevent
disasters or better manage risks, withstand risk, recover from disasters, in a
manner that is transformative and progressive. Ensure that land administration
systems are interoperable with hazard and vulnerability maps. Strengthen:

i. digital land registries to keep track of land ownership and use to support

efficient disaster recovery and reduce disputes;

ii. landtenuresystemsbyupdatinglegal frameworksto recognize customary
and informal land rights, especially in the post disaster recovery phase;

iii.  risk-informed land use planning including disaster resilient zoning,
identifying areas of risk and safer zones for settlements, and natural
buffers like wetlands and forests to reduce disaster;

iv.  building codes;

v. thefocus on disaster-resistant infrastructure;

vi.  valuation systems adapted for disaster.

Capture and securely store land administration and land tenure data in
alternative off site systems to protect people’s land rights, particularly when the
land administration offices are exposed to disaster.

Use valuers early on in the emergency when compensation linked to pre-
emergency property prices is made available for the reconstruction of residential
properties.
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354
1.

10.

11.

12.

13.

Data, methods and tools

Use geospatial data to assess, model and manage acute and chronic risk to
the environment (for example wildfires), economic risks (for example critical
infrastructure) and risk to vulnerable communities (for example settlements
in flood zones), using the appropriate risk assessment tools, data sources and
modelling across multiple disaster scenarios linked to the needs of specific
institutions or actors.

Develop innovative cost-effective applications from crisis to reconstruction.

Use big data analytics, machine learning and generative Al to predict and
prevent natural disasters, with a focus on improving response and recovery
efforts. Develop geospatial natural hazard and disaster standards to support
all of government recovery after natural/climate related disasters. Inconsistent
adoption of standards across government risks delays in disaster recovery
workflows.

Integrate big data analytics into existing geospatial frameworks to enhance
disaster resilience, forecasting, early warning, emergency, such as for bridges
after flash floods.

Integrate accurate building data into flood risk models for better property
valuation, disaster relief efforts and insurance pricing.

Assess flood risks for buildings using first floor elevation and precise location/
placement data of the building to increase flood impact prediction and avoiding
the blanket assumptions used by insurance and financial products.

Use terrestrial and airborneimagery, and where possible BIM-based visualisation,
Al and machine learning. The machine learning may have to be adapted for local
building contexts.

Useopen-sourcefoundationdatastandardsfordisastertoaccelerate bureaucratic
action and improve communication across government horizontally and
vertically and drive innovation.

Undertake trend assessment on post disaster reconstruction.

Use new technology (for example InSAR) for disaster, subsidence or uplift for
accurate annual mapping for specific locations to support natural disaster
management.

Create innovative applications of cost-effective positioning to mitigate the
impacts of natural disasters.

For natural disaster settings that require indoor positioning, combine Fifth
Generation Mobile Network (5G) fingerprinting, augmented reality for
component visualization, and sensor fusion (IOU, Wi-Fi, Wireless Local-Area
Network (WLAN), Bluetooth low energy) for real-time guidance and accurate
indoor positioning, when GNSS is unreliable indoors.

Integrate live continuously updating, geospatial data into platforms used by
emergency managers for flood management. This creates a seamless operational
system for disaster response, such as the one recently set up by the European
Union for its 27 member countries.
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14.Focus on interoperability with GIS platforms and transport data, enabling

15.

emergency managers to overlay flood forecasts with critical exposure data.

Avoid separate interfaces. Verify that the geospatial data correctly aligns with
existing transport and engineering data and implement cross-validation
procedures. Establish a unified data protocol.

16.Ensure that seamless integration does not lead to data latency during
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3.6

emergencies. Create real-time data visualization through web map services
(WMS), web feature services (WFS) and ESRI REST services. During emergencies
undertake manual cross checks with crowd-sourced inputs and after verification
integrate the data with existing datasets (Nepal).

Challenges

. Weak government-led responses after natural disasters, including that of,

the Land/Land Administration Department, adversely affects vulnerable
communities’ efforts to rebuild their lives, impacting livelihoods and food
security.

Reactive rather than proactive approaches are the most common approach to
natural disasters. These reactive approaches focus on immediate humanitarian
assistance, and neglect structured planning. Pre-established mechanisms are
needed to map areas under threat from hazards, identify fallback sites, secure
land tenure and involve communities in planning. Without this approach
spontaneous displacements will just continue linked to the pressure of events.

Existing frameworks, whether regional instruments, such as the Kampala
Convention (2009), or national disaster management legislation, tend to focus
on sudden hazards (such as floods, storms, landslides). They neglect slow and
irreversible processes (coastal erosion, desertification, sea-level rise) which
require, not a rapid return to areas of origin, but a sustainable, secure and
legally regulated solutions. Existing legal frameworks, by focusing on sudden-
onset hazards, tend to channel resources toward emergency responses. This
constrains authorities’ability to plan durable solutions for slow-onset processes.

Poor coordination between government ministries, local authorities, and
technical partners such as UN agencies, international NGOs, or expert
consultancies in risk management undermines efforts and leads to gaps in
delivery. This can be worsened by an over-reliance on external funding, which is
subject to aid cycles and changing donor priorities.

CLIMATE ACTION 15: CLIMATE, CONFLICT AND LAND

Climate, conflict and land are often inter-linked. Conflict can exacerbate climate issues,
by leading to deforestation for example, and climate issues can trigger conflict, includ-
ing violent protracted conflict. The drought and scarcity of water around Lake Chad
and the rise of Boko Haram in West Africa is a good example of this. In these situations,
people migrate, compete for land, water and natural resources and struggle for food
security. Land administration lessons associated with emergency conflict settings need
to be adapted for conflict-climate nexus settings and environmental goals included.
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3.6.1 Policy, legal and institutional

1.

Use and adapt international guidelines, principles, methods and tools such as
from the UN Economic Commission, African Land Policy Centre guidelines on
prevention and addressing land-based conflicts in Africa, and the Arab Land
Initiative of UN-Habitat/Global Land Tool Network, including Housing and
Property Restitution for Refugees and Displaced Persons, Implementing the
Pinhero Principles in the Middle East and North Africa.

Rapidly create policies, regulations and operational procedures to address
climate, land and conflict settings, including policies that cover conflict related to
displacement and migration. This is especially important for urban areas where
displaced people often congregate. Support local tenure systems in climate and
conflict settings, for IPLC people, internally displaced people and refugees.

Strengthen professional ethics, standards and land governance approaches
for emergency settings. All surveying in these settings should be to support
vulnerable local communities.

Develop climate responsive land governance approaches and capacity
to manage conflict over land and natural resources because of increased
competition for resources and increasing land grabs and exploitation. Develop
scenarios and options to manage conflict between landless and homeless
climate displaced migrants degrading natural resources on public land in
dispute with environmentalists.

Support climate related conflict resolution over land and natural resources by
understanding all the viable options within the national and local legal and
institutional frameworks for dispute resolution. This makes it possible to support
arange of approaches such as:

i.  working with, and building the capacity of, local leaders to settle disputes
(Somalia);

ii. identifying public land and supporting administrative processes for (re)-
settlement (Iraq);

ii.  tweaking regulations to facilitate dispute resolution without changing the law;

iv.  supporting participatory mapping for land use planning to address
disputes (Darfur/Sudan);

v. mapping to provide information to decision-makers involved in dispute
resolution (International Organization for Migration (IOM) tracking
movement of displaced people);

vi. facilitating the resettlement of displaced people in such a way that their
livelihoods are protected even as biodiversity hot spots are protected.

3.6.2 Land administration and people

1.

Assess the impact of conflict and climate on the land administration system in the
geographic locality of the conflict, including on the land administration offices.
Work out what rapid agile climate resilient FFP land administration means for
conflict-climate nexus settings. Design base minimum land administration system
requirements followed by iterative development, addressing the digital divide. Build
on the existing land administration system where possible and/or build a stand-
alone system that can be later integrated into the statutory system (Iraq see below).
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2. Re-designland administration systems, including NSDI and institutional processes,
for peacebuilding, emergency access to land for displaced people, community
empowerment (Darfur/Sudan), environmental hot spot protection, and food
security. Safeguard women’s, and especially widows, land rights in these contexts.

3. Captureandsecurely store land administration data in alternative off site systems
to protect people’s land rights, particularly when the land administration offices
are captured by hostile forces and people are forcibly evicted from their homes.
The valid data can facilitate post conflict resettlement and compensation (Iraq).

UNWHABITAL

Photo 12: Ms. Jeanine Hennis-Plasschaert, Special Representative of the United Nations
Secretary-General for Irag, handing Land Occupancy Certificates to residents
from the Yazidi community. UN-Habitat. Photograph courtesy of UN-Habitat.

4. ldentify and predict natural and climate-induced risks related to conflict and
support decision-makers with options.

5. Manage climate induced displacement of people, including migration, in
emergency situations (see examples below) all of which have land administration
challenges.

EXAMPLES OF MANAGING CLIMATE-CONFLICT-RELATED DISPLACEMENT: 1) by supplying housing, land
and property, where possible using existing legal and institutional frameworks; 2) identify-
ing public/state land rapidly for resettlement; 3) reducing planning standards and surveying
requirements; 4) formalising customary land management arrangements; 5) protecting en-
vironmental hot spots, where possible; 6) using rapidly designed land portals to make returns
and resettlement more efficient and able to work at scale. This helps displaced people to ob-
tain up to date information on legal and administrative procedures and applications about
the situation in their place of origin and new potential areas for settlement.

6. Strengthen safeguards, like environmental impact assessments, for projects
involving land acquisition or conversion or for land redistribution.

7. Collect and supply geospatial data for climate-conflict land and water nexus
management and intelligence for safety and security. Strengthen data
collection and disaggregation (e.g. gender, vulnerable groups), as well as timely
dissemination.

8. Adapt and develop technology, spatial data and special tools, methods and
processes for crises. Increase technical capacity to quality assess various
sources of technical innovation and available datasets that could be used in an
emergency conflict setting, particularly in data poor areas. Develop use cases
and pilot them for scaling.
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3.6.3 Challenges

1.

Land administration lessons from emergency conflict settings have not yet been
documented for learning so that they can be applied for climate resilience and
conflict options (e.g. pastoralists and farmer management in northern South
Sudan and their impact on forests; the impact of refugee camps on grassland
recovery in Darfur/Sudan).

Conflict in areas and countries adjacent to conservation areas can lead to large-
scale displacement and the need to replace livelihoods in new areas. It can easily
lead to illegal, unplanned and large-scale land use changes. It. It can overturn
conservation restoration measures and lead to land degradation, deforestation
and biodiversity loss due to poaching.

Conflicts over the allocation of land and natural resources are often not
successfully managed by the land administration systems and are particularly
intense in urban areas.

Large scale land use change over time because of conflict, regarding grassland
degradation and deforestation, is particularly hard to track because of
inadequate geospatial data models and insufficient ground truthing.

There is a large knowledge gap with respect to the linking of environmental
goals, conflict and land tenure/land administration within one framework at the
large scale needed to understand and manage cross boundary land use change.

61



4 INTERNATIONAL ROLES

Climate Action 16: Role of international bodies linked to surveying is discussed below.

4.1 CLIMATE ACTION 16. ROLE OF INTERNATIONAL BODIES LINKED
TO SURVEYING

International bodies linked to surveying have traditionally had a large influence on the
re-design of geospatial and land administration systems. Their advice has been highly
valued. Generally, the focus has been at the broad policy level (see Figures 6 and 7
below). However, surveyors are asking for practical examples of how to undertake cli-
mate resilient surveying, rather than policy directions. International bodies who want
to engage in climate action and surveying should take cognizance of this as they work
to support people and the planet.

4.1.1 Tools and methods

1. Encourage the use and adaptation of existing international guidelines,
principles, tools and methods. Figure 6. gives a global example. Figure 7 below
gives a regional example from Africa.
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Figure 6: Surveying link to international guidelines and goals.
Graphic courtesy of M.Timoulali, Third Arab Land Conference, 2025.
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Figure 7: Surveying link to African Union 2063 Agenda and the UN 2030 Agenda.
Graphic courtesy of M. Timoulali, The Third Arab Land Conference, 2025.
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. Use existing land and marine international frameworks (see references) and
their linkages to the SDGs (1, 2, 5, 10, 15, 16). For climate action, link these
frameworks to the environmental goals on carbon emissions, biodiversity loss
and land degradation/restoration issues.

. Strengthen global and regional cooperation, partnerships and collaboration
around the land and climate nexus for climate resilience and disaster risk
reduction, including through technology transfer and stand by agreements for
data supply during emergency, risk and recovery.

. Link to major global climate-related organizations and funds. Be aware that their
focus on land tends to be on land use rather than land tenure. Key organizations
and funds include:

i.  UN Framework Convention on Climate Change (UNFCCC) (carbon) and
its annual COPs;
ii. UNFCCC Green Climate Fund;
iii.  UN Convention on Biological Diversity (UNCBD) (biodiversity) and its
COPs;
iv... UN Convention to Combat Desertification (UNCCD) (degradation/
desertification) and its COPs;
v.  UN Environment Programme Green Climate Fund (GCF);
vi.  UN’s REDD+ programmes working on greenhouse gas emissions and
forests;
vii.  The World Bank’s Carbon Partnership Facility.

. Develop the products, services and data required to achieve the current SDG
goals and the 2030 environmental goals; and in preparation for the next round
of SDGs in 2030, which are likely to strengthen climate resilience.

. Rapidly develop guidelines, manuals and operational procedures that can be
quickly and easily adapted, domesticated, replicated and scaled up in countries,
with the emphasis on operational procedures.

. Develop new disclosure standards for national governments to adapt to local
contexts to increase climate resilience of the national surveying systems. Re-
focus on manuals rather than global policy alone.

. Support policy formulation that facilitates scenario development for decision-
makers that considers economic growth/poverty alleviation, environmental
goals and vulnerable people.

. Develop best practice manuals on the use of new technology and to meet the
new and emerging climate crises, such as for natural disasters. Develop national
and local use cases on what:
i. ischeaper;

ii. is cost effective;

iii.  has more functionality and climate impact;

iv.  suits the human capacity;

v.  suits the technical settings;

vi.  suits the institutional context (for example under-resourced government

departments, small firms);

vii.  isscalable and replicable;
viii.  safeguards local communities, including women'’s land rights.
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10. Develop and document best practices at national and local levels and create
inventories of existing climate related surveying and geospatial solutions and
use cases for replication and scaling to national and international levels.

11. Give voluntary capacity building and technology transfer that builds the capacity
of national and local stakeholders.

12. Address the need for:

i.  highresolution publicand free geospatial datafor the better management
of urban areas;
ii. standby agreements between governments for natural disaster
management;
iii.  the monitoring of land use change (LUC) with quality authoritative data;
iv.  linking technical designs to safeguarding vulnerable populations.

13. Give voluntary technical assistance and partner with organizations piloting
novel scalable use cases for climate action at national and local levels. Design
collaboration and partnership between organizations with geospatial skills and
local communities.

14. Consider creating a geospatial monitoring body that oversees a global climate
data governance pact with Al as a cross-cutting theme. Develop guidelines
to prevent the manipulation of geospatial information through cartographic
deepfakes.

15.FIGis a large international organization covering over 100 countries with a global
presence. It is a member of the UN-GGIM Thematic Networks and its Functional
Groups and sits on the board of the Global Land Tool Network of UN-Habitat.
FIG also supports the ‘Stand for Her Land’ Campaign aimed at strengthening
women’s land rights across the 3 Rio Conventions.

16.FIG has made a good start on branding the surveying profession as having
a critical climate action role to play. This is demonstrated by the increasing
number of climate-related abstracts being submitted for FIG's annual Working
Week and quadrennial Congresses. There were over 125 abstracts submitted to
the 2025 Brisbane Working Week for example (see link for these in References).
Strengthening this brand reaches humanities’ environmental goals faster and at
the scale required.

4.1.2 Challenges

1. There is a shortage of practical international policies, guidelines, manuals and
best practice guidance linking land and climate with the latest technological
advances that can be domesticated at national and local levels.

2. There is little in the way of use cases and inventories of what works well as
existing climate related surveying solutions at the local level that can be scaled
up to national and international levels.

3. There is no dedicated funding to document best practices and use cases or to
develop an inventory. The role of surveying as critical to national and global
environmental goals is generally not recognized by environmental audiences
and funders.
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. There are weak linkages between current land governance approaches and
environmental governance and goals at global and national levels.

. There is insufficient capacity to transfer theoretical/international concepts and
frameworks and adapt them to national and local contexts.
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5 CONCLUSIONS

Surveyors undertake many critical climate actions, often involving multiple stakeholders.
While governments play the leading role, the private sector, academia, national and inter-
national institutions, training institutions and those industries building new geospatial
data, analytical methods and tools, are also key to surveying for climate resilience. Cli-
mate action involves technology, governance and people, which in the climate context
also means safeguarding people’s land rights and livelihoods and the environment.

To support the climate resilience of people and the environment, surveyors are
strengthening and adapting professional standards. As new technology and processes
emerge, quality assessment as well as testing and developing new data acquisition
tools, are key. This is something for which surveyors are well known and it is vital for
sustainability both in terms of system design and for climate resilience. This also means
adopting and adapting Al and machine learning, guided by the reasoning of surveyors
for accuracy. Al reinforces the surveyor’s strategic role as a key player in the production
of scientific, technical, and territorial evidence that supports informed, ethical, and de-
fensible decisions for climate change adaptation and mitigation.

Most importantly, government-led programmes on climate resilience are critical for
success. As governments try and meet national environmental, economic, social and
governance goals simultaneously, surveyors can support decision-makers through the
use of geospatial data to help build differing scenarios to enable decision-makers to
make the best decisions. Customers, both existing and future ones, need to be sup-
ported, as they too walk the climate resilience journey of adaptation and mitigation.
All of this opens up new markets for surveyors with their precision and authoritative
data skills.

To ensure that the surveying industry can do the job, surveying education, training and
continuing professional development needs to be re-geared along a spectrum from
digital literacy to advanced analytics to support the development of surveying for cli-
mate resilience. This is also needed so that the work force can be upscaled and under-
take the required climate actions locally, nationally and for the planet.

All of this work underpins the re-design of the land administration and geospatial data
systems to support climate resilience. Rapid, agile, climate resilient FFP land admin-
istration is needed to support for example, natural hazard and disaster risk manage-
ment and areas experiencing climate-related conflict impacting land. Urban and rural
land administration and geospatial systems are being re-designed to prevent urban
encroachment on adjacent agricultural and natural areas (China) and agricultural en-
croachment on natural areas and forests (Brazil).

Strategic land use planning and public land management that supports climate resil-
ience is common but needs to be increased. A much greater focus is needed on forests
than has been traditional among surveyors. Also, there needs to be more emphasis on
creating smart green cities.

International and regional surveying bodies play a major role in supporting national
organizations and can upscale this by providing manuals, documenting good practices
for climate resilience and supplying use cases that can be adapted for local contexts.

The purpose of this FIG publication has been to identify some of the key surveying
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actions, methods and tools for climate resilience, for land, water and marine environ-
ments, for people, economic growth/poverty reduction and the planet. FIG presenta-
tions, papers and discussions at conferences and Climate Compass Task Force webinars
were the main source of information for this publication, with academic literature and
GIM articles used to identify some of the challenges. All of this informed the choice of
the 16 Climate Actions. Prominent surveyors in the profession gave detailed comments
on advanced drafts of this publication and supplied graphics, text and photographs.
This strengthened the publication and confirmed the major climate resilience issues
for surveyors.

This publication shows that surveyors are rapidly undertaking climate actions and
adapting to the climate crisis but important challenges remain. There are numerous
gaps in actions, tools and methods that need to be scaled, as only some countries have
working solutions. Or the solutions are only being addressed in some countries in the
global north. Or solutions are context specific and need to be documented and shared
to other countries for domestication. Or they reflect goals still being discussed and
worked on at country and local levels. The tools, methods and actions described here
need to be scaled up dramatically within countries and across the world. There is an
evolving need for even more innovative climate-related surveying approaches as new
climate demands and trends emerge.

The COP30 organizers are encouraging everyone to design systems that respond to
the climate challenges of 2030, 2035 and 2050. Using the COP30 organizers argument,
adapted to surveying, the complexity of the climate issues, and the need to respond
with both agility and rapidity, creates risks and opportunities for surveying-related cli-
mate action. Surveyors need to be prepared as legacy institutions are disrupted by the
climate crisis. New models need to be developed to address new challenges where
past assumptions become obsolete. New technology and inter-disciplinary research
have already shown that climate-related complexity and different contexts support dy-
namism and adaptability.

Surveyors and surveying institutions need to look ahead to anticipate and implement
geospatial solutions that are agile, iterative and adaptive to ensure sustainability of sys-
tems and the planet in the longer term. Systems need to be designed and re-designed
to make them inter-generational and capable of constant evolution and experimenta-
tion. System-based climate resilience needs to be designed with exponential diffusion
of solutions, while addressing bottlenecks and delays. A basket of tools needs to be
used which integrates technology, governance and people. New technologies and ap-
plications need to be adopted and adapted that bridge gaps with speed, scale and
resilience in ways that our current systems are still slow to incorporate and amplify. All
of this will allow surveyors to make even greater contributions to climate resilience for
people and the planet, with FIG as a key leader.
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Humanity is dealing with a global climate crisis, with disproportionate impact on vulnerable
regions, countries and people especially in the global south. Surveyors have a major role to
play supporting the adaptation and mitigation of climate impacts at the global, national and
local levels. They can support the achievement of the climate goals and environmental sustain-
ability, economic growth and the land rights of people. Practical surveying actions, methods
and tools for climate resilience, for land, water and marine are identified in this publication.

Long-term geospatial and hydrospatial and land administration systems data collection are
foundations for territorial governance, in the context of climate resilience. This data links the
physical, legal, economic and environmental dimensions. It provides vital information for:
Climate-related policy development; Long-term climate monitoring and management; Iden-
tification of risks; Adaptation and mitigation measures; Effective land, water and marine man-
agement; Support to decision-makers managing the climate crisis. New technologies such as
geospatial databases, historical and current Earth Observation (EO) data, large time series data
analysis, Al tools, and other spatial and temporal innovations have enhanced the surveyors’
critical role in the management of climate impacts.

Many surveyors in the industry have traditionally supported the USD287.6 trillion global resi-
dential real estate market. The climate crisis is creating opportunities for surveyors, govern-
ment, the private sector, academia and industry to move to new business models that support
climate resilience. The development of these business models is now a growing industry able
to support multiple workflows going beyond business as usual. Surveyors use of geospatial
technology is evolving rapidly to meet climate and disaster challenges, also as there are new
markets for their skills. Solutions need to cross the digital divide of the global north and global
south to ensure global and national environmental goals are met for people and the planet.
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