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Climate Impacts
“The atmosphere isn’t warming, and if it is, then its down 

to natural variations; and even if its not down to natural 
variations, then the amount of warming is insignificant; 

and if it becomes significant, then the benefits will 
outweigh the problems, and even if they don’t, 

technology will come to the rescue; and even if it 
doesn't, we shouldn’t risk wrecking the economy 

because some of the science is uncertain!”
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The Challenge: Adaption - Climate Sensitivity and Vulnerability



The Dilemma For Decision Makers?
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What impact does climate change have on our decisions?

Some of the challenges just look to big to deal with - current 
decision making and financing approaches don’t allow us to 
deal with the issues? 

How can we deliver long-term strategies that may appear 
politically unpopular and face community resistance, at least 
in the short term?



What impact does climate change 
have on our decisions?
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Global Commission on Adaptation: A GLOBAL CALL FOR 
LEADERSHIP ON CLIMATE RESILIENCE

Without 
adaptation, 

climate change 
may depress 

growth in global 
agriculture yields 
up to 30 percent 
by 2050. The 500 

million small 
farms around the 
world will be most 

affected.

The number of 
people who may 

lack sufficient
water, at least one 

month per year, 
will soar from 3.6 

billion today to 
more than 5 billion 

by 2050.

Rising seas and 
greater storm 

surges could force 
hundreds of 

millions of people 
in coastal cities 

from their homes, 
with a total cost to 

coastal urban 
areas of more 
than $1 trillion 
each year by 

2050.

Climate change 
could push more 
than 100 million 

people within 
developing 

countries below 
the poverty line by 

2030.



Resulting 
Impacts?

IMPACT ON FOOD & 
WATER

IMPACT ON 
ECOSYSTEMS

EXTREME 
WEATHER EVENTS 

– FLOODS, 
STORMS, 

DROUGHTS

WARS – OVER 
WATER AND 
RESOURCES

MASS MIGRATION –
DISRUPTION OF 

SETTLED 
COMMUNITIES AND 

SOCIAL ORDER

RISE IN FRAGILE 
STATES, 

RADICALISM AND 
EXTREMISM



New Approaches?



DISASTER RISK FINANCING AND INSURANCE PROGRAM (DRFIP)

Finance and Disaster Resilience



DISASTER RISK FINANCING AND INSURANCE PROGRAM (DRFIP)

Sovereign Disaster Risk Financing Strategy 

Sovereign Risk 
Transfer 

embedded in 
DPL4

Insurance of public assets / 
Property cat risk insurance pool

Contingent Financing (Cat DDO II)

National / Local DRRM Funds 

Joint 
Catastrophe 

Risk Insurance 
for LGUs





Community-

led Risk 

Mitigation & 

Risk Sharing 

and Transfer

Weather 
Monitoring and 

Forecasting

Early Warning 

to the Last Mile

Financing Adaption & Risk Mitigation Interventions

Coastal 

Shelterbelt 

Plantations

PILLARS 
OF CYCLONE 

RISK MITIGATION



Enhanced Adaption & Preparedness Works!



How can we deliver long-term 
strategies that may appear politically 

unpopular and face community 
resistance, at least in the short term?
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Political and Community Understanding and 
“Buy In”

Evidence based 
decision making

“Game Theory”, 
Cold War Tool, 21st

Centaury Solution 

Long Term, Multi-
Agency & Multi-
Sectoral Plans

Provision of Strong 
Local Leadership
Lead – Follow - or 
get out of the Way!
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Complex Agenda: Kampala – Uganda 
Technical Support for Disaster and Climate Resilience

1. Kampala 
Disaster and 

Climate Resilience 
Strategy and 
Emergency 

Preparedness & 
Response (EP&R)

2. Piloting 
Integrated Urban 

Flood Risk 
Management 

(IUFRM) and Risk-
Sensitive Land Use 

Planning

3. Advanced Flood 
Impact Warning

4. Open Street 
Mapping (OSM) & 
Open Cities Africa

5. Building 
Regulation for 

Resilience (BRR)



Integrating 
Measures to 

Enhance 
Disaster and 

Climate 
Resilience

Drainage Infrastructure Improvements (US$62.5 million).

Implement Disaster and Climate Resilient Urban Planning (US$20 million). 

Enhance Kampala’s Disaster and Climate Risk Regulatory Framework and 
Enforcement and City Data Infrastructure for Decision-Making (US$1.5 
million). 

Establish Advanced Flood Early Warning Impact Systems (US$2.0 million).

Integrated 
Urban Flood 

Risk 
Management

Roads Construction (US$60.1 million).
Road 

Infrastructure

Institutional Support (US$5.9 million).

Improve Emergency Preparedness and Response (EP&R) Capacity 
(US$1.5 million).

Institutional 
Support and 

Systems 
Development



Upper Catchment

Recommended Approach: 
Reduce run-off at the source:
• Rain water harvesting
• Infiltration methods such as soak ways
• Land use planning and new 

development control
• Promotion of tree planting

Recommended Approach: 
• Urban scaping to improve life quality 

and ownership of the investment.
• Enhance the effectiveness of the 

upgrade of the channel (e.g. tertiary 
drainage discharge flaps)

• Increase public space area
• Neighborhood planning

Middle Catchment Lower Catchment

Recommended Approach : 
• Increase flood protection through 

localized raised embarkments along the 
Lubigi and the lower section of the 
Nakamiro Channel.

• Neighborhood planning
• Early warning, preparedness and 

response

Adapting Approaches to Nakamiro’s Catchment Sections
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Rainwater 
harvesting

Infiltration
methods



Asia’s high mountains hold the 
world’s greatest concentration of 

glaciers.

Downstream is the world’s 
greatest concentration of people.

Hundreds of millions of people 
are fed by intensively-irrigated 

agriculture.

In the Indus valley, 95% of river 
flow is extracted to feed 240 

million people.

Indus 
valley

Dr Hamish Pritchard, British Antarctic Survey

Evidence Based Investment Himalayas



Hydropower generates 90% of Nepal’s power, a third of 
Pakistan’s, and provides a quarter of Bhutan’s national 

income. 

An eightfold increase in hydropower capacity (>100 
GW) is planned or under construction - $200m + 

investment in each to deliver regional development.

Most dams are located high up in river catchments 
close to the glaciers, making them particularly sensitive 

to glacier change.

Hydropower dams: existing 
(orange) and planned (blue)

In dry years, glaciers contribute a large part of river 
flow in the Indus, Brahmaputra and Aral basins.

Some hydropower plants get 75 to 100% of their flow 
from glacier melt at these times. 

Without glaciers, water would be more scarce in dry 
seasons and droughts would be far more damaging.

water supply to dams 
(driest month)

annual glacier 
water supply to 

river basins

Glacier meltwater contribution  in a dry year

Evidence Based Investment Himalayas



UK Long Term  
Investments 

TE2100

22



The first 25 years
2010-2035 

“Continuing investment and planning together”

The middle 15 years
from 2035 to 2050

“Renewal and reshaping the riverside”

To the end of the century
from 2050 

“ moving towards the 22nd century”

~ £1.4 bn

TE2100 Plan: implementation

~ £1.5 bn.

~ £6 - 9 bn. (+?)

Current property value protected ~ £200 billion



TE2100: Managing flood risk over the century



We face a crisis.
Climate change is upon us, and its impacts are getting more severe with each 
passing year.

Global actions to slow climate change are promising but insufficient. We must invest 
in a massive effort to adapt to conditions that are now inevitable: higher 
temperatures, rising seas, fiercer storms, more unpredictable rainfall, and more 
acidic oceans.

We are not starting from a standstill. There are many bright spots where adaptation 
efforts have begun—but we need more urgency, innovation, and scale.

Adaptation is not an alternative to a redoubled effort to stop climate change, but an
essential complement to it. 

Failing to lead and act on adaptation will result in a huge economic and human toll, 
causing widespread increases in poverty and severely undermining long-term global 
economic prospects.

The good news is that adaptation, done right, will lead to better growth and 
development. It will also save lives, protect nature, reduce inequalities, and create 
opportunities.

We can do it.



Anglian (Eastern) RFCC

Local decisions in a changing climate

Climate change challenges from an Environment Agency perspective
Wendy Brooks, National Strategy Transformation Manager
October 2019



1999 - Defra 
FCD PAG3

Tidal -
precautionary 
allowance for 
mean sea level 
rise by region
Fluvial – no 
allowance 

2001 Planning 
Policy Guidance 
climate change 
allowances

2002 UKCP02
first UK climate 
change 
projections 
published

2003 Note on 
Climate change 
Sea level rise as 
per 1999 
guidance. 
Sensitivity tests 
for increases in 
peak river flows

2006 Planning 
Policy Statement 
UK projections 
incorporated into 
planning policy.

2008 Climate 
Change Act
UK committed to 
assessing and 
adapting to climate 
change through act 
of parliament.

Establishes 
national reporting 
and targets for Gov
and business (e.g. 
Committee for 
Climate Change)

2009 UKCP09
2nd UK climate 
change projections 
published

2011 Adapting to 
Climate Change 
FCERM guidance
Environment 
Agency’s guidance 
for assessment of 
climate change in 
ALL FCERM 
schemes

2012 Climate 
Change Risk 
Assessment
adaptation 
priorities for the 
UK over five years 

2013 Climate 
Change 
allowances for 
development 
Environment 
Agency’s guidance 
for assessment of 
climate change in 
ALL new 
development

2013 National 
Adaptation Plan
Gov’s 1st national 
plan for climate 
adaptation

2016 Climate 
Change 
allowances for 
development 
Environment 
Agency’s guidance 
for assessment of 
climate change in 
ALL new 
development 
updated

2017 Climate 
Change Risk 
Assessment
Sets out the main 
adaptation 
priorities for the 
UK over fives years

2018 National 
Adaptation Plan
Gov’s 2nd national 
plan for climate 
adaptation

2018 UKCP18

Third  UK climate 
change projections 
published

CC Timeline



Global context



What can we expect – physical consequences

What can we do?

How we are planning, our approach



UKCP18 impacts

 Rainfall is not uniform and will vary seasonally and regionally
 Sea level rise higher than UKCP09 - but this increase is already factored 

into our adaptation planning
 Sea level rise not uniform around UK
 Expect increases to extreme coastal water levels driven mainly by 

increases in mean sea level rise – we cannot rule out additional changes in 
storm surges. 

 We have sea levels to 2300 - sea levels continue to rise beyond 2100 
under ALL scenarios

 We’re updating our guidance over next 6 months



© Crown Copyright 2017

UKCP18 - Temperature

• Chance of such hot 
summers low in the 
baseline period (<10%)

• By mid-century the chance 
of hot summers will be of 
the order of 50%

• Beyond 2050 the chance of 
a warmer summer more 
strongly depends on 
emission scenario



UKCP18 - Sea level rise

SLR = 1m+ by 2100

SLR locked-in post 2100, no 
matter what we do to curb 
emissions

SLR = 4m+ by 2300

Increase in extreme wave 
heights for offshore waves

UKCP18 has already been 
factored into current coastal 
adaptation planning

Sea level rise by 2100 (relative to 1981-2000)



UKCP18 - Precipitation

The spatial pattern of change to 2061-2080 shows detailed structure 
over the UK (RCP8.5). Compare SE England and N Scotland.



9



What can we expect – physical consequences

What can we do

Content

How we are planning, our approach



Strategy ambitions
Climate resilient places
Working with partners to develop the concept of standards 
for flood and coastal resilience as well as a suite of tools 
that can be used to deliver resilience in places

Today’s growth and infrastructure resilient in 
tomorrow’s climate
Getting the right kind of development in the right places to 
deliver sustainable growth and infrastructure resilient to 
flooding and coastal change

A nation of climate champions
Better preparing society through education and accessible 
digital information as well as being a world leader in flood 
and coastal resilience



£

Adaptation 
pathways

Research

What we’re doing, what’s planned

Messaging

Funding

Resilience 
standards

NFM

Adaptive
pathways

Resilience 
place-making

Guidance

Modelling & 
research



PROTECT: Holding the line
Sustained and long term investment 
in building and maintaining flood 
and coastal defences ensuring they 
provide an appropriate standard of 
protection and operate reliably when 
tested during an actual event. 

RESPOND: Responding 
effectively
Organisations and communities 
work together to respond to flood 
and coastal incidents through timely 
and effective forecasting, warning 
and evacuation. 

RECOVER: Getting back to 
normal and building back 
better
Helping people and local 
economies recover more 
quickly after a flood by clearing 
up the damages, returning 
water and power supplies or 
draining floodwaters from 
farmland. Recovery should also 
include building back better so 
that properties and 
infrastructure are more resilient 
to future events. 

PLAN: Making the best land 
use choices
Communities, planners and land 
managers making the best land 
use choices for managing and 
minimising future damages from 
flooding and coastal change. .  

Plan Protect

RespondRecover

Resilience



Adaptive pathways 
The ‘adaptive 
approach’

Our Definition: Adaptive approaches or ‘pathways’ 
enable FCERM to be carried out in a way that is 
agile to the latest climate science, growth projections 
and other changes to the local environment. Looking 
out to 2100, adaptive pathways give local places 
‘decision points’ to help navigate through an 
ambiguous future in collaboration with local partners 
and communities (schemes, strategies, plans)
Resilience tools are designed, agreed and mapped 
across to an adaptive ‘pathway’
Adaptive approaches allow us to keep the resilience 
of places under review and plan to adapt

£

‘Between now and 2050 risk management 
authorities will help places plan and adapt to 
flooding and coastal change across a range of 
climate futures’



Time

Maladaptive Space

Adaptive Space

Maladaptive Space

No options to adapt

Decision point

Adaptive approaches allow us to plan for 
and monitor when certain resilience tools 
should be put into practice – thereby 
ensuring places can remain in an 
‘adaptive’ space rather than making 
decisions which force them into a 
‘maladaptive’ space.



Application of adaptive approaches

Risk management authorities - FCERM schemes, 
LFRMs, FRMPs, SMPs

Local authorities – local plans, strategic flood risk 
assessments, infrastructure delivery plans

Local Enterprise Partnerships - spatial development 
plans

Community flood action groups

Water companies – DWMPs, WRMPs

Local business and industry

Infrastructure providers

Local communities and homeowners



What can we expect – physical consequences

What can we do?

Content

How we are planning, our approach



Net Zero Carbon by 2030

By 2030, we will aim to balance the carbon emissions 
we produce with those we take out of the atmosphere 
so that we are no longer contributing to climate 
change.



• Climate change is the biggest threat we face
• We can tackle it and by delivering the national 

FCERM strategy, we will do

Three most important things we can do
1. Stop doing the things that cause it
2. Enhance it our resilience to its effects
3. Talk about it



QUESTIONS?



The Science of sea-level rise and its local 
context

David Vaughan
Director of Science 
British Antarctic Survey

RFCC - 18/10/2019 



British Antarctic Survey



British Antarctic Survey



Our role

• Delivering UK 
Government 
strategy

• Supporting UK 
research in polar 
regions

• Leading and 
supporting UK 
science



BAS Supporting polar science

• 4 wintering stations

• 1 summer stations

• 2…1 Ships

• 5 Aircraft

• >100 scientists per year.

• 8 Science teams publishing > 300 
papers per year



DGV 1986



DGV 2013



Climate change – the basics



Ice cores a unique archive



Ice-core 
drilling
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Source: Lüthi et al, 2008

The Dome C Ice Core record…



Holocene Anthropocene

Carbon dioxide from ice cores



Carbon isotopes from ice cores

Holocene Anthropocene



CO2 – past and present



Temperature

Rainfall

Arctic sea ice

Ocean acidification

Aggressive mitigation Business-as-usualFuture climate 



Climate impacts
(Sea-level)



1953 flood interim defences

Late-C19 update
to Flood Act

1879 Flood Act

Photo: UK Environment Agency
Trinity Hospital Greenwich

1928 Flood + 1930 Flood Act

Sea-level and flooding



Sea-level rise increases impact of storm surges

Copyright, Newsflare

Dawlish, 2014



Planning for sea-level rise

Photo: UK Environment Agency



www.antarctica.ac.uk

Global Mean Sea Level 1990-2015

Figure 4.5
IPPC SROCC



Causes of sea-level changes



www.antarctica.ac.uk

Closing the budget in Global Mean Sea Level 1993-2010

Data from 
Table 13.1
IPPC AR5

Randolph Glacier Inventory = 198,000 glaciers 



www.antarctica.ac.uk

World glaciers

Randolph Glacier 
Inventory = 198,000 
glaciers 



Monitoring ice sheet

Cryosat (2010 – 2013) 



www.antarctica.ac.uk

Two ice sheets

• Antarctica and 
Greenland

• 11% of land area

• Annual flux of 6 
mm a-1 of global sea 
level

• Response time 
100-10000 years



Projections of Sea-level



IPCC 2014 on future global temperature

Aggressive mitigation

1950 2000 2050 2100

Business-as-usual



IPCC AR5 2013 sea-level projections

“only the collapse of marine-
based sectors of the Antarctic 
ice sheet, if initiated, could 
cause global mean sea level to 
rise substantially above the 
likely range during the 21st 
century…

Projections 
of global 
sea level 
rise 
relative to 
1986–
2005.

Aggressive mitigation

2000 2060 2100

Business-as-usual

20402020 2080

1.0
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Rate of increase in sea-level rise doubles

Growth %/yr 2
mm/yr mm

Rate at 2000 3 Height at 2000 0
Rate at 2100 22 Height at 2100 955
Rate at 2200 157 Height at 2200 7877



Global vs. Regional

Photo: William ConnolleySizewell B(C) Nuclear Power Station



Vertical land movement

Source – university of Nottingham



Regional sea-level rise 1993-2012

Source: NOAA
-9                           0                          9 



• Storm surge climate
• Ice-induced ocean 
dynamics
• Ice melt
• Thermal exp  + non-ice 
ocean dynamics
• Vertical land movement

Combined high-end estimates for 2100 changes 
in extreme 50-year storm height



Photo: QRT300

What’s the question? 

“Worst case”

“Best estimate”



Why is it so hard to predict local sea-level rise

• Cascades of uncertainty
• Coupled Earth System
• Regionality
• Seasonality
• Ice sheets vs. glaciers
• What your the question?



Future directions
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A new role for science?

• Advice
• “Projections of 

projections” 



Evidence vs. experience



Who do we still need to convince?Who do we need to convince?



Rational responses?

• Climate fixes – geoengineering?
• Wait?
• “Projections of projections” 



Fossil Bluff
1985/86

1994/95

Evidence vs. experience





Local impact of climate change on 
coastal areas: update on recent 
research from Universities of Essex, 
East Anglia and Cambridge on coastal 
resilience, ecosystem function and 
services, value of natural habitats  
Professor Graham J. C. Underwood 
University of Essex 

 



Major new IPCC report (Sept. 2019) 



Some relevant key IPCC conclusions. 



Impacts on our coastal ecosystems (with +1.5oC) 



Threats to Natural Capital, Ecosystem Functions 
and Ecosystem services 
Natural Capital - the world's stocks of natural 

assets which include geology, soil, air, water 
and all living things 

 
Ecosystem functions - natural processes that 

take place within habitats (stocks, cycles) 
  
Ecosystem services (stricter definition) - those 

ecological functions that are directly enjoyed, 
consumed, or used in order to maintain or 
enhance human well-being.  



Ecosystem services – nature’s “helping hand” 
UK Defra National Ecosystem Assessment 2011 



Ecological systems are highly interconnected 
• Risks of intended and unintended 

consequences of decisions 
• Links between ‘good’ biology / 

ecosystems and beneficial 
outcomes to society 

• IPCC cryosphere report has 
substantial section on 
Ecosystem-based 
Adaptation  (EbA) for 
climate change 



EbA-1.  Benefits of salt marshes for coastal flood 
protection  

Storm surge 
passing over 
significant ( 500 
m) widths of mid 
to upper salt 
marsh….. 
 
maximum runup 
levels were 
typically lower by  
at least 40 cm. 

Prof. Tom Spencer, Cambridge 



Prof T. Spencer et al.,  
University of Cambridge 

Please note,  
“confidential – under  

 review” 



EbA-1. Blakeney Freshes.  Seawall profiling 
reduces flooding risks (removes energy) 

Prof T. Spencer et al.,  
University of Cambridge 
 
 

Please note,  
“confidential – under  

 review” 



EbA-2. Building salt marsh into sea wall repair 
Environment Agency project (2012), to 

enhance biodiversity while maintaining 
coastal defence structures.  

 
72% variation in plant colonisation explained by 

elevation (37%), exposure (30%), terrace 
length and sediment shear strength (5%). 

 
Cousins, et al (2017). Factors influencing the initial 

establishment of salt marsh vegetation on engineered sea 
wall terraces in south east England. Ocean & Coastal 
Management, 143: 96-104. doi: 
10.1016/j.ocecoaman.2016.11.010. 

 
 
 
 
Linked to: NERC project, “integrated green 

grey infrastructure (IGGI)”. 
www.biogeomorph.org/greengrey  

http://www.biogeomorph.org/greengrey


EbA-3. Potential salt marsh restoration on the 
Deben estuary, Suffolk (Defra Pioneer)    
Determining levels of salt marsh degradation and potential 
gains if restored 
 
 
 
 
 
 
 
 
 
 
 
Estimating economic value (carbon values £). 
Future investment decisions  



EbA-3. Estimating salt marsh sea wall benefits, 
wave height protection,  Deben Estuary. 

Prof.  Iris Moeller et al.,  Trinity College Dublin,  ex University of Cambridge 



Mudflats are really important too (we need both) 



EbA-4. Mudflats, reduction in nutrient loads 
Nitrogen & Phosphorus (STW and agricultural run-off) 
Too much – phytoplankton and macro algal blooms: effects on shellfish, 

bathing waters, food chains 
 
 
 

Colne estuary 
mudflats 
Nutrient loads  (Mmol N yr-1) 
Total nitrogen load 34.62 
Biological processes remove 
35 % of N load per year 



EbA-4. Salt marshes , also act as nitrogen sinks 
               Nitrogen fluxes on salt marshes
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EbA-5. Marine carbon increasing in “value”… 
Please note,  

“confidential – under  
 review” 



Government Office for Science (GO-Science) : developing interest in blue 
carbon… the role of the ocean in climate mitigation.   We need these habitats…. 

Please note,  
“confidential – under  

 review” 



There are multiple benefits to Ecosystem-based 
Adaptation (EbA) (IPCC 2019) 

Decision makers, policy frameworks and systems, need to 
be confident in advocating and implementing ecosystem-
based adaptation, and achieving multiple benefits in building 
coastal resilience in the face of climate change.  



Local impact of climate change on coastal 
areas: 

update on recent research on coastal 
resilience

Dr Irene Lorenzoni
School of Environmental Sciences
University of East Anglia
i.lorenzoni@uea.ac.uk



How the level of global warming affects selected 
natural, managed and human systems

Source: IPCC (2018)
Adapted from figure SPM.2





Responses to change in coastal protection

Blakeney Freshes, after 2013 surge

Site of experimentation?

Photo: Irene Lorenzoni



Source: 
Brown et al., 2017



You Gov poll, Aug 2019, 2000 respondents

Source: Capstick et al. (2019) CAST Briefing paper 02



Direct experience of flooding (and 
relation to climate change)

• People directly affected by flooding are “more likely to 
state they have become more concerned about climate 
change in the last year”, feel it’s a “serious threat to 
themselves and their families”, “see their local area as 
more vulnerable” (Capstick et al, 2015, p42)

• Direct experience of flooding can make climate change 
more salient, producing emotional responses and 
“greater perceived personal vulnerability and risk 
perceptions” (Demski et al, 2017,p140)  
– direct flooding experience can also lead to “support for 
mitigation policies, and personal climate adaptation” 
(Demski et al 2017, p140)).



Source: 
Day et al., 2015Lessons learnt from existing coastal management experiences

• Landscape change deeply emotive
• Broad and prolonged engagement to provide capacity to adapt
• Resource opportunities to provide help adjust to changing coasts

… And integration with new scientific approaches to understanding and 
communicating change (e.g. visualisations, narratives)

Adapting to changing coasts



Source: Day et al., 2018



Source: LICCO project, 2015



Thank you

Any questions?
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