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« Coral reefs provide substantial protection

Maintenance Offshore buffer Beck, M 2014 Coral Reefs: the Seawall

Wave energy
dissipation, likely
to reduce coastal
erosion

of natural reefs
(coral/oyster)

That Nature Built. National Geographic.
See http://newswatch.nationalgeographic.
com/2014/05/13/coral-reefs-the-seawall-

against natural hazards, reducing wave
energy by an average of 97%.

« Reefs can reduce the size and therefore

that-nature-built/, accessed 13.10.2014.

Ferrario, F, Beck M W, Storlazzi, C D,
Micheli, F, Shepard, C C & Airoldi L 2014
The effectiveness of coral reefs for coastal
hazard risk reduction and adaptation.
Nature Communications, 5, 3794
(DOI:101038/ncomms4794).

Grimsditch, G D & Salm, RV 2006 Coral
Reef Resilience and Resistance to
Bleaching. Switzerland: I[UCN.

Hoegh-Guldberg, O, Mumby, P J, Hooten,

A J, Steneck, R S, Greenfield, P, Gomez,

E, Harvell, C D, Sale, P F, Edwards, A

J, Caldeira, K, Knowlton, N, Eakin, C M,
Iglesias-Prieto, R, Muthiga, N, Bradbury, R

H, Dubi, A & Hatziolos, M E 2007 Coral reef
under rapid climate change and ocean
acidification. Science 318, 1737-1742 (DOI:
10.1126/science1152509).

McMullen, C P & Jabbour, J 2009 Climate
change science compendium. Nairobi:
UNEP.

Parry, M L, Canziani, O F, Palutikof, J P,

van der Linden, P J & Hanson, C E 2007
Climate change 2007: Impacts, adaption
and vulnerability. Contribution of the
Working Group Il to the Fourth Assessment
Report of the Intergovernmental Panel on
Climate Change. Cambridge: Cambridge
University Press. See http://www.ipcc-wg?2.
gov/AR4/website/fi.pdf, accessed 13.10.2014.

Sheppard, C R C 2003 Predicted
recurrences of mass coral mortality in
the Indian Ocean. Nature 425, 294-297
(DOI:10.1038/nature01987).

cost of coastal engineered defences
required.

« Reefs have the potential for self-repair

as they are living structures which can
lower maintenance costs but globally
disturbances such as bleaching, fishing,
pollution, waste disposal, coastal
development, sedimentation, SCUBA
diving, anchor damage, predator
outbreaks, invasive species and epidemic
diseases have all acted synergistically to
degrade coral reef health and resilience

Potential additional benefits of reefs
include fisheries and recreation.

» There needs to be greater understanding

of when reefs fail during high-energy
events and their recovery time.

There needs to be a greater
appreciation of the effectiveness and
cost effectiveness of reefs as a coastal
defence to motivate local and global
actions to maintain and restore these
ecosystems.
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Maintenance Offshore buffer

of mangroves

Wave energy
dissipation, likely
to reduce coastal
erosion
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Continued on next page

Mangroves act as a natural barrier
against severe storms and significantly
reduce death, livestock loss and property
damage.

« Sediment-trapping can actively raise the

forest floor in response to sea level rise
as accumulation of sediment is enabled
above the tidal range.

« Mangrove forests are highly resilient and

able to recover after extreme events with
a high degree of ecological stability.

These protective functions have not been
well researched, and there is a pressing
need to better understand the roles that
ecosystems can play in reducing wind and
swell waves.

Additional benefits of mangrove forests
include firewood, forest products for local
communities and acting as nurseries for
fish.

Adaptation measures must be part of

an integrated approach to coastal area
management which also considers human
activities, putting in place risk-spreading
strategies and testing innovative
approaches.
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Mclvor, A L, Méller, |, Spencer, T & Spalding,
M 2012 Reduction of wind and swell

waves by mangroves. Natural Coastal
Protection Series: Report 1. Cambridge
Coastal Research Unit Working Paper

40. Cambridge: Nature Conservancy and
Wetlands International. See http://www.
wetlands.org/Portals/O/publications/Report/
reduction-of-wind-and-swell-waves-by-
mangroves.pdf, Accessed 02.10.14.

Schmitt, K, Albers, T, Pham, T T & Dinh,

S C 2013 Site-specific and integrated
adaptation to climate change in the coastal
mangrove zone of Soc Trang Province, Viet
Nam. Journal of Coastal Conservation, 17(3),
545-558 (DOI 10.1007/511852-013-0253-4).

See ‘mangrove planting & re-establishment’
and ‘maintenance of saltmarsh, wetlands
and inter-tidal ecosystems’ references.

Mangrove Offshore buffer Wave energy de Lacerda, L D 2002 Mangrove See the ‘mangrove maintenance’ summary.
planting & re- dissipation, likely Ecosystems: Function and Management. ) .
establishment T - Mangrove restoration can be carried
. out via direct planting or via natural
erosion

Gilman, E L, Ellison, J, Duke, N C & Field, C recruitment.
2008 Threats to mangroves from climate
change and adaptation options: A review.
Aquatic Botany, 89(2), 237-250 (DOI:
10.1016/j.aquabot.2007.12.009).

« In Vietnam, for example, planting 12,000
hectares of mangroves cost $1.1 million but
saved an estimated $7.3 million per year
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for successful management and
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Engineering, 24, 403-418.

Kamali, B & Hashim, R 2011 Mangrove
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Engineering, 37(2), 387-391.

Linham, M, Nicholls, R & Zhu, X (eds.)

2010 Technologies for Climate Change
Adaptation: Coastal Erosion and Flooding.
Roskilde: UNEP. See http:/orbit.dtu.dk/
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file_5699563/content, accessed 13.10.2014.

Continued on next page
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References Summary

Continued from previous page
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inter-tidal ecosystems’ references.
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Practice Guide: Coastal Defence. London:
Thomas Telford.

Costanza, R, Perez-Maqueo, O, Luisa
Martinez, M, Sutton, P, Anderson, S J &
Mulder, K 2008 The Value of Coastal
Wetlands for Hurricane Protection.

Ambio, 37(4), 241-248 (DOI: http://dx.doi.
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Continued on next page

.

Wetland habitats induce wave and tidal
energy dissipation by increasing the
roughness of the surface over which
incoming waves and tides travel, this
reduces the erosive power and waves
and diminishes the height of storm surges.

They act as a sediment trap for materials,
thus helping to build land seawards and
the dense root mats of wetland plants
also helps to stabilise shore sediments,
reducing erosion.

Additional benefits can include providing
new habitats and environmental benefits
including carbon sequestration, water
quality improvements (suppresses the
growth of toxic algae and stimulates
phytoplankton growth, which is essential
for the food web), nature conservation,
fisheries production and the creation of
recreational space.

Wetlands, saltmarshes and mangroves
may also cause a reduction in installation
and maintenance costs of sea defences
behind them.

Management of some wetland

habitats require greater expertise than
others, many wetland restoration and
maintenance projects are implemented by
communities at a local scale.

Governmental adoption of proactive
coastal management plans to protect,
enhance, restore and create marine
habitats is necessary as without

such a framework, action to restore
wetlands is likely to be fragmented and
uncoordinated.

Continued on next page
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change and coastal management on
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International- Thailand Programme. Hat Yai,
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program of Bangladesh. Ocean and
Coastal Management, 20(1), 23-39.

Shepard, C C, Crain, C M & Beck, M W 2011
The protective role of coastal marshes: a
systematic review and meta-analysis: PLoS
ONE (DOI: 101371/journal.pone.0027374).

Temmerman, S, Meire, P, Bouma, T J,
Herman, P M J, Ysebaert, T & de Vriend,
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See ‘maintenance of mangroves’,
‘mangrove planting & re-establishment’ and
‘maintenance of other coastal vegetation,
forest and ecosystems’ references.

Continued from previous page

- Barriers to the protection and
reestablishment of wetlands include a
lack of public awareness of the flood and
erosion protection benefits offered by
these ecosystems and in some tropical
and subtropical areas a fear that wetlands
may facilitate mosquito breeding and
disease transmission.
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Maintenance of Onshore buffer Wave energy

other coastal dissipation,
vegetation, erosion
forest & reduction
ecosystems
Coastal re- Onshore buffer Wave energy
vegetation / dissipation,
afforestation erosion
(above inter- reduetion
tidal zone)
Beach Onshore buffer Wave energy
and dune dissipation,
nourishment erosion
reduction

Renaud, F G, Sudmeier-Rieux, K & Estrella,
M 2013 The Role of Ecosystems in Disaster
Risk Reduction. New York: United Nations
University Press.

See ‘maintenance of saltmarsh, wetlands,
inter-tidal ecosystems’ references.

See ‘maintenance of other coastal
vegetation, forest & ecosystems’ and
‘maintenance of saltmarsh, wetlands, inter-
tidal ecosystems’ references.

Dean, R G 2002 Beach Nourishment
Theory and practice. Singapore: World
Scientific Publishing.

Linham, M, Nicholls, R & Zhu X (ed.)

2010 Technologies for Climate Change
Adaptation: Coastal Erosion and Flooding.
Roskilde: UNEP. See http://orbit.dtu.dk/
fedora/objects/orbit:86544/datastreams/
file_5699563/content, accessed 13.10.2014.

Lubke, R A, 1985 Erosion of the beach at
St Francis Bay, Eastern Cape, South Africa.
Biological Conservation 32, 99-127.

Nicholls, R J, Cooper, N & Townend, | H
2007 The management of coastal flooding
and erosion. In Future Flood and Coastal
Eorison Risks (ed. Thome, C R & Evans, E P).
London: Thomas Telford.

Reeve, D, Chadwick, A & Fleming, C 2004
Coastal Engineering Processes, Theory and
Design Practice. Abingdon: Spon Press.

- Coastal vegetation acts as a partial
barrier on the coastline and can dissipate
incoming wave energy and thus erosion.
Energy dissipation is dependent on the
density of vegetation and its porosity.

Primary species such as creepers and
grasses on sand dunes (behind the
frontal dune crest) make the sand more
stable, and are effectively wind breakers.
Further back, large trees perform a similar
function.

Vegetation will restrict wave propagation
up to a specific water level, beyond which
overtopping will take place. Once the
threshold is exceeded the vegetation
itself will erode rapidly and be destroyed
even at moderate water depth.

Removing and degrading coastal
vegetation can increase the risk of
flooding.

One of the largest barriers to the
maintenance of coastal vegetation is the
loss of land to development.

See ‘maintenance of other coastal
vegetation, forest and ecosystems’
summary.

« Beach and dune nourishment is the
artificial addition of sediment to beach
areas with sediment deficits, this
technique is generally applied to sandy
beaches.

Beach nourishment is a flexible coastal
management solution as it is reversible.

Beach and dune nourishment allows
wave energy dissipation, by creating
‘dissipative’ (wide and shallow) beach
profiles and gradients.

Beach nourishment does not stop erosion,
but provides sediment from external
sources upon which erosional forces
continue to act.

Continued on next page
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Artificial reefs
(and/or
substrates

for reef
replenishment)

Offshore buffer
zone creation

Wave energy
dissipation, likely
to reduce coastal
erosion

Adger, W N, Hughes, T P, Folke, C,
Carpenter, S R & Rockstrom, J 2005 Social-
Ecological Resilience to Coastal Disasters.
Science, 309(5737), 1036-1039 (DOI: 101126/
science.1112122).

Perkol-Finkel, S, Shashar, N & Benayahu,
Y 2006 Can artificial reefs mimic natural
reef communities? The roles of structural
features and age. Marine Environmental
Research, 61(2), 121-135 (DOI: 10.1016/j.
marenvres.2005.08.001).

See ‘maintenance of natural reefs’
references.

Continued from previous page

- Due to longshore drift causing sediment
redistribution, beach nourishment often
positively impacts adjacent areas which
were not directly undernourished,
perhaps reducing erosion for the entire
coastal cell.

Beach widening can also promote tourism
and recreational activities. Ecological
benefits include enhanced nesting sites
for sea turtles when designed with these
requirements in mind.

.

Disadvantages include the high
maintenance costs for period re-
nourishment, increasing a false sense

of security for coastal development and
high (maintenance) costs due to transport
distance for beach material. Costs may
be higher in the developing world as

the coastal engineering industry is less
developed.

The application of engineering
approaches to the rebuilding of coral
reefs.

These artificial reefs have been found
to contain similar structural features to
natural reefs but they have not been
shown to work at meaningful scales.

They do not address the root causes of
regional-scale degradation of reefs and
therefore do not provide realistic solutions
to the increased global threats to coral
reefs.

The role of reefs as coastal defences and
how to restore these benefits needs to be
addressed in greater detail.

See ‘maintenance of natural reefs’ summary.
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Dyke, levee

Coastal
barrage

Physical barrier

Physical barrier

Wave energy
dissipation,
erosion
reduction

Wave energy
dissipation,
erosion
reduction
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2010 Coastal defence cost estimates. Case
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J K & Mai, T C 2008 Risk Analysis of
Coastal Flood Defences- A Vietnam case.
The 4th international symposium on flood
defence; managing flood risk, reliability
and vulnerability. Toronto: Institute for
catastrophic loss reduction.

Kazi, A 2014 A review of the assessment
and mitigation of floods in Sindh, Pakistan.
Natural Hazards, 70(1), 839-864 (DOI:
101007/s11069-013-0850-4).

Linham, M, Nicholls, R & Zhu, X (ed.)

2010 Technologies for Climate Change
Adaptation: Coastal Erosion and Flooding.
Roskilde: UNEP. See http://orbit.dtu.dk/
fedora/objects/orbit:86544/datastreams/
file_5699563/content, accessed 13.10.2014.
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« Dykes provide a high degree of
protection to low-lying coastal areas and
are the cheapest hard defence when the
value of coastal land is low.

A large area of land is required which can
be problematic as coastal areas often
have high associated land values.

Permanently fixing the position of the
coastline can have negative effects on a
dynamic coastline as natural processes
such as responses to sea level changes,
beach/dune interactions and sediment
input from coastal erosion are prevented.

Dykes can, however, be implemented in
conjunction with other methods, which
can address the negative impacts.

Dykes require ongoing maintenance to
ensure the structure continues to provide
design levels of protection, this can incur
substantial costs.

Dykes can create a false sense of security
on the landward side of the defences.

Coastal barrages are engineered
structures designed to prevent storm
surges entering low-lying estuarine areas.

Barrages have high capital and
maintenance costs, but can reduce
construction and maintenance costs for
defences on their landward side.

Construction and maintenance costs
are likely to increase into the future in
response to sea level rise.

Barrages can offer potential additional
benefits including improvement of coastal
water quality, and can provide additional
services eg recreation, power production
and water supply.

Barrier projects can also act as a catalyst
for development of newly protected
areas eg Thames Barrier spurred

the regeneration of London derelict
docklands with new transport links,
homes, businesses and the important
financial district around Canary Wharf.

SAMPLE OF LITERATURE REVIEWED FOR CHAPTER 3 — DEFENSIVE OPTIONS



River flooding

Intervention

Process /
Mechanism

Evidence

RIVER FLOODING

Re-
establishment
of floodplains,
‘green rivers’

Reduced
magnitude of
flooding events
in target areas

Controlled
flooding of
designated
areas to reduce
discharge in
main river
channel
downstream
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See ‘natural flood management’ references.

« River and flood plain renaturation is the
main ecosystem based approach used in
Europe to mitigate current flooding risk.
This term can include riverbed alterations,
dyke relocation, habitat restoration,
creation and protection and the removal
of invasive species.

Renaturation restores rivers and canals
to more natural meandering rivers and
restores the surrounding landscape, this
reduces rate of water flow and therefore
decreases the likelihood of downstream
flooding.

Increased submerged vegetation leads
to an increase in flow resistance and a
subsequent reduction in conveyance
capacity.

Upland drains, grips, have higher flow
velocities than overland flow, thus
potentially delivering flow more rapidly to
the drainage network, reducing upland
drainage can reduce the risk of flooding
downstream.

.

Flood plain restoration has potentially
serious socio-economic costs, threatening
existing agricultural land and settlements
which may cause local opposition.

Early communication with local
communities can forestall common
challenges and enable better land use
zoning and ensuring the derivation of
maximum benefits to the communities by
understanding what is wanted or needed.

« There are often additional benefits with
respect to biodiversity (these projects are
often combined with nature conservation
projects) as well as opportunities for
tourism and recreation.

See ‘natural flood management’ summary.
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Catchment
afforestation,
increased
vegetation
cover

Reduced stream
discharge; water
capture; reduced
risk of flash
flooding

Increased
interception and
infiltration by
trees/roots

References

Anderson, HW, Hoover, M D & Reinhart, K
G 1976 Forests and water: Effects of forest
management on floods, sedimentation and
water supply. General Technical Report
PSW-018. Berkeley, CA: U.S. Department

of Agriculture, Forest Service, Pacific
Southwest Forest and Range Experiment
Station.

Archer, N A L, Bonell, M, Coles, N,
MacDonald, A M, Auton, C A & Stevenson,
R 2013 Soil characteristics and landcover
relationships on soil hydraulic conductivity
at hillslope scale: A view towards

local flood management. Journal of
Hydrology, 497, 208-222 (DOI: 10.1016/j.
jhydrol.2013.05.043).

Bulygina, N, MciIntyre, N & Wheater, H 2011
A comparison of rainfall-runoff modelling
approaches for estimating impacts of
rural land management on flood flows.
Hydrological Research, 44(3), 467-483
(DOI:10.2166/nh.2013.034).

Calder, |,R & Aylward, B 2006 Forest and
floods: Moving to an Evidence-based
approach to watershed and integrated
flood management. Water International,
31(1), 1-13 (DOI:10.1080/02508060608691
918).

Carroll, Z L, Bird, S B, Emmett, B A,
Reynolds, B & Sinclair, F L 2004 Can tree
shelterbelts on agricultural land reduce
flood risk? Soil Use and Management, 20(3),
357-359.

van Dijk, A1 J M & Keenan, R J 2007
Planted forests and water in perspective.
Forest Ecology and Management, 251(1-2),
1-9 (DOI: 10.1016/j.foreco.2007.06.010).

Jackson, B M, Wheater, H S, Mcintyre,

N R, Chell, J, Francis O J, Frogbrook, Z,
Marshall, M, Reynolds, B & Solloway, | 2008
The impact of upland land management
on flooding: insights from a multiscale
experimental and modelling programme.
Journal of Flood Risk Management, 1(2) 71-
80 (DOI: 101111/).1753-318X.2008.00009.X).

Lull, HW & Reinhart, K G 1972 Forests
and floods in the eastern United States.
Res. Pap. NE-226. Upper Darby, PA: U.S.
Department of Agriculture, Forest Service,
North-eastern Forest Experiment Station.

Continued on next page

» Catchment afforestation and increased
vegetation cover play a role in flood risk
reduction but not prevention.

- Trees contribute to greater hydraulic
roughness of floodplains (which slows
water flow) and increase soil permeability
to water.

Natural management of the upper
catchment has potential to reduce the risk
of flash flooding, but is unlikely to have

a serious effect on major downstream
flooding events under extreme rainfall.

Natural obstacles in-stream can slow flow
rates but there is limited data on how
effectively this reduces flood risk.

The role of afforestation in flood
risk reduction is dependent on

local conditions, the placement and
management of interventions and is
relative to the scale of the hazard.

Interception and infiltration (and so flood
risk reduction) may be greater in natural
forests than plantation forests. Research
at the Scottish Borders also found that
the soil permeability of aged broadleaf
forest was 5-8x greater than neighbouring
grassland, giving greater capacity to
infiltrate high intensity rainfall.

- There are potential benefits to biodiversity
but this is dependent on target species/
habitats.

See ‘planting of riparian ‘buffers” and
‘changes to catchment agricultural land
management’ summaries.
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Marshall, M R, Francis, O J, Frogbrook, Z

L, Jackson, B M, MclIntyre, N, Reynolds, B,
Solloway, |, Wheater, H S & Chell, J 2009
The impact of upland land management on
flooding: results from an improved pasture
hillslope. Hydrological Processes, 23(3),
464-475 (DOI: 101002/hyp.7157).

Mclntyre, N and Marshall, M 2010
Identification of rural land management
signals in runoff response. Hydrological
Processes, 24(24) 3521-3534 (DOI: 10.1002/

hyp7774).
See ‘planting of riparian ‘buffers”
references.
Maintenance Water capture Water See ‘catchment afforestation, increased See ‘catchment afforestation, increased
of existing etc interception and  vegetation cover,, ‘planting of riparian vegetation cover, ‘planting of riparian
vegetation infiltration ‘buffers” and ‘changes to catchment ‘buffers” and ‘changes to catchment

agricultural land management’ references. agricultural land management’ summaries.

Planting Intercept base- Groundwater Bren, L J 1993 Riparian Zone, stream « Forests can contribute to reductions in

of riparian and flood-flow and/or surface and floodplain issues: A review. Journal water runoff and velocity. However this

‘buffers’ inputs from flow pass of Hydrology, 150(2-4), 277-299. (DO: is heavily dependent on the individual
catchment through buffer

10.1016/0022-1694(93)90113-N). catchment context eg slope, vegetation
type, soil condition and broader
catchment hydrology.

soils prior to

entering stream  Nisbet, T 2004 Interactions between
floodplain woodland and the freshwater
environment. UK: Forest Research. See » Additional benefits can include increased
http://www.forestry.gov.uk/website/pdf. biodiversity and water quality.
nsf/pdf/FR_report_2004-5_floodplain.
pdf/$FILE/FR_report_2004-5_floodplain.
pdf, accessed 13.10.2014.

See ‘catchment afforestation, increased
vegetation cover’, ‘changes to catchment
agricultural land management’ and ‘natural
Nisbet, T, Silgram, M, Shah, N, Morrow, K & flood management’ summaries.
Broadmeadow, S 2011 Woodland for water:

Woodland measures for meeting Water

Framework Directive objectives. UK: Forest

Research. See http://www.forestry.gov.uk/

pdf/FRMG004_Woodland4Water.pdf/$file/

FRMGO004_Woodland4Water.pdf, accessed

1310.2014.

Rolls, S & Sunderland, T 2014
Microeconomic Evidence for the Benefits of
Investment in the Environment 2 (MEBIE2).
Natural England Research Reports, Number
057. Bristol: Natural England.

See ‘catchment afforestation, increased
vegetation cover, ‘changes to catchment
agricultural land management’ and ‘natural
flood management’ references.
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RIVER FLOODING

Changes to Reduced run-off Reduced soil
catchment rate; increased compaction
agricultural water capture (machinery,
land livestock);
management reduced upland
drainage;
reduced
vegetation
removal

‘Natural’ flood Reduced flow Natural instream

management velocity; water obstructions
storage (eg ‘woody
debris dams’)
slow water

flow, facilitate
local flooding
to reduce
discharge rate
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Continued on next page

« Run-off from farms can be reduced by
installing grass buffers, temporary ponds,
grassed waterways in headwater valley
bottoms, changing crop cultivation
practices on arable land, appropriate
ditching and decanalisation.

Re-blocking drainage has been shown to
lower peak flow rates during storms.

The contribution of agricultural drainage
to flash flooding is dependent both on
the location of the drainage and local
conditions such as soil type.

There is little evidence that less intensive
farming will always reduce flood risk
however these types of farms have less
of the factors supporting rapid runoff and
have healthier soil.

See ‘catchment afforestation, increased
vegetation cover’, ‘planting of riparian
‘buffers” and ‘natural flood management’
summaries.

- Natural flood management is a term which
described the natural management of
waterways allowing instream obstructions
such as woody debris to slow water flow.

« Research has shown that natural flood
management at the local scale can deliver
benefits, it is most effective in reducing
the frequency of flooding for high
probability fluvial events.

Continued on next page
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Stream habitat Improve bank Increased
‘restoration’ stability, reduce  sinuosity
peak flows in channel,

construction of
bars and grading
of banks
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See ‘catchment afforestation’, ‘increased
vegetation cover’, ‘planting of riparian
‘buffers” and ‘changes to catchment
agricultural land management’ references.

Bechtol, V, Laurian, L 2005 Restoring
straightened rivers for sustainable flood
mitigation. Disaster Prevention and
Management, 14(1), 6-19.
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Continued on next page

Continued from previous page

- Natural flood management can be used
alone or as part of a package of other
soft/hard engineering measures. For
example in combination with detention
basins water storage in rural areas can
reduce peak flow by 8 — 60%.

Most reported natural flood management
programs have been carried out at a small
scale. The complexity of systems makes
scaled-up approaches less certain.

Possible additional benefits include
improving water quality, carbon
sequestration and habitat restoration.

.

Implementation of these projects may
resisted by land-owners who are often
reluctant to adopt the measures proposed
because of a lack of private return from
changing land-use from agricultural
production. The long lag periods between
implementation and benefits being
realised, together with the number of
parties also acts to delay or prevent
implementation.

Successful projects have relied upon good
communication and engagement with the
community to over-ride hostility and ensure
successful project implementation.

More research is needed into the
effectiveness of these measures,
especially at larger scales.

See ‘catchment afforestation’, ‘increased
vegetation cover’, ‘planting of riparian
‘buffers” and ‘changes to catchment
agricultural land management’ summaries.

« Reconnection of the river and floodplain
increases area available for plant
communities and improves water regimes.
This increases hydraulic storage and
conveyance capacity to dampen low-level
water level fluctuations and reducing the
peak flow of major floods.

Full rehabilitation of many streams is
utopian due to the manifold functions
they perform, therefore current attempts
have only recovered stretches or certain
features.

Continued on next page
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RIVER FLOODING

Dam Physical barrier;  Retains water
water storage in reservoir
to reduce
downstream

discharge rate
and flood risk
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Continued on next page

Continued from previous page

- Although river rehabilitation is often more
expensive than anticipated the significant
benefits it brings make this type of flood
management cost-effective.

+ An increase in ecotourism and recreation
may in some cases compensate for the
loss of agricultural jobs and productivity.

- Dams enable water to be retained
in a reservoir which can reduce the
downstream discharge rate and therefore
the flood risk.

The construction of dams is costly and
often faces opposition from local groups
and environmental and social grounds.

Dams can have positive economic
impacts by reducing peak flows and
floods that cause agricultural and non-
agricultural losses. Intensive economic
development has been realised on
numerous rivers such as the Mississippi,
Nile, Tennessee, and Damodar rivers
because of flood protection provided by
dams.

Continued on next page

SAMPLE OF LITERATURE REVIEWED FOR CHAPTER 3 — DEFENSIVE OPTIONS



Process /
Mechanism

Intervention

Evidence

RIVER FLOODING

Drain, dyke, Flood Water regulation

levee, sluice, management, through drainage

pump drainage channels,
physical barriers,
and active
pumps
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- Dams can have a significant ecological
impact, reduced water flow can damage
floodplain wetlands; dam releases
can cause scouring and armouring
of the riverbed, removing a complex
set of habitats; and the retention of
sediment and debris can have significant
implications for ecosystems downstream.

Potential additional benefits include
hydroelectricity, irrigation support and
assisting navigation. However if storage
is used for the generation of hydropower
then seasonal flow may be enhanced,
ameliorating difficulties downstream.

.

Water flow is redirected to decrease
flooding or to harvest water to off-river
storages. This can protect towns, crops
and homesteads.

Drains can improve the productivity of
agricultural land but can in some cases
impact on flooding downstream.

Levees are effective flood control
measures and are relatively cheap

to implement and build. While well
established in some cases there is little
evidence as to the effectiveness of these
options.

Levee construction reduces the area of
the floodplain open to storage of flood
waters and reduces the width of the
floodplain open to conveyance of flood
flow. This increases the flood height
and velocity, increasing the risk if the
levee fails. Levees may also impact the
hydrological regime up and downstream
and exacerbate flooding in these
locations.

Continued on next page
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RIVER FLOODING

Dredging Flood Increased
management, capacity of
increased stream water channels
discharge allowing

increased
discharge of
water load
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Continued from previous page

- Mainline levees (adjacent to the channel)
are more risky than setback levees which
are a compromise by maintaining the
abundance of tree species in unleveed
areas whilst also allowing flood control.

.

Levees can have significant environmental
impact both on the river and the
surrounding flood plain.

Dredging is defined as the systematic
removal of accumulated material from
river or other watercourse channels. In
its most extreme form, dredging may be
used to realign river channels creating
linear, canalised watercourses.

By increasing the channel gradient the
channel the efficiency of water movement
is increased, leading to a reduction in
water levels and in fluvial flood frequency.
However for large and less frequent
floods, dredging is not practical to

the extent that would be required to
confine such events as the storage and
conveyance capacity of the channelis a
small fraction of the wider flood plain, so
cannot prevent flooding in these cases.

When flow rate is impeded by channel
constriction eg a bridge or high
downstream water levels eg tide locking,
and in-channel structures, dredging

may provide no benefits during extreme
events.

Negative consequences of dredging
include increasing flood risk for
communities downstream by speeding up
the movement of flood water through the
river and drainage network, destabilising
river banks, causing erosion and risking
damage to infrastructure, loss of wildlife
and habitats both within the river and
across the wider floodplain and reduction
in water quality.

Continued on next page
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RIVER FLOODING

o _

Canalization of
urban streams

Sustainable
urban drainage
systems
(SUDS)

Conveyance of

Water capture,

reduced risk of
flash flooding in

Focuses on
shunting water
quickly to
downstream
systems

Use of ‘natural’
processes/
habitats to
decrease surface
flow in urban
areas through
water capture
and storage.
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- Dredging is rarely a one-off activity
therefore there are continuous
maintenance costs as material will re-
accumulate over time and the river will
re-adjust to a more natural form with
unintended consequences including bank
failure and erosion.

Additional benefits of dredging include
biodiversity measures; ditches in artificial
environments such as drained fenlands
have adapted to exploit niches created by
river management- pioneer species rely
on a certain level of disturbance.

Canalization of urban streams rapidly
moves water away from the urban area.

Canalization may increase the land
available for development.

Disadvantages include an increased risk
of downstream flooding and a loss of
biodiversity.

Sustainable urban drainage systems
reduce the flow and volume of storm-
water entering drainage systems in 3
ways: i) delaying the downstream passage
of flood flows, ii) reducing the volume

of runoff through interception, and iii)
promoting rainfall infiltration into the soil.

A mixture of approaches are used which
filter or retain water near where it falls,
offering flood protection and biodiversity
benefits eg swales, filter strips).

Urban green infrastructure plays an
important role in ‘climate proofing’ cities
and towns and supports carbon capture
whilst larger woodlands can support
timber products and by-products from
street tree management can provide
renewable energy, mulches and
composts.

Continued on next page
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Continued from previous page

- Sustainable urban drainage systems
have been found to be cost-effective
flood control mechanisms. Capital costs
of traditional drainage are over double
the capital costs of SUDS, annual;
maintenance costs are 20-25% cheaper
for SUDS and SUDS are half the costs
over a 60 year life span.

- They are most effective for smaller storms.
Canopies become saturated during
larger storms so effectiveness is limited.
Effectiveness varies according to climate,
tree species and time of year.

Additional benefits include better air and
water quality and the provision of buffers
for habitats and species. Sustainable
urban drainage systems can have health
and well-being benefits
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Intervention

Process /
Mechanism

Evidence

DROUGHT

Removal Decrease

of ‘thirsty’ competition for
invasive plant water

species

Decrease water
loss through
evaporation;
improve water
capture; reduce
erosion

Reforestation

Removal of
invasive plants
with high uptake
of groundwater

Increase forest
vegetation

cover to

increase shade,
lower local
temperatures,
reduce water
loss through
evaporation,
capture rainwater
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« There is strong evidence that the clearing
of ‘thirsty’ invasive species increases
water yields and reduces the cost per unit
of water.

Research in the USA has shown increases
in soil moisture and water table following
the manual removal of invasive woody
species.

Barriers to the removal of invasive species
include cost, low local awareness and
reluctance to lose profitable crop plants.

The removal of invasive species is often
carried out for biodiversity conservation
rather than drought management.

« Research has shown that forests aid water
capture and that there is a positive link
between afforestation and groundwater
recharge through soil water infiltration.

Some tree species have a negative effect
on soil moisture (see ‘Removal of ‘thirsty’
invasive plant species’ section), care
should therefore be taken to ensure that
suitable tree species are chosen.

+ Research into the cost-benefit analysis
of dryland reforestation suggests that
passive restoration is cost-effective but
that the costs of active reforestation
generally outweighed the benefits.

Continued on next page
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Process /
Mechanism

Evidence

DROUGHT

o _

Forest Prevent loss

conservation of drought
protection
functions
provided by

existing forests

Control erosion,
improve water
infiltration,
shade soil

to conserve
moisture,
provide
windbreaks

Agroforestry

Conserve
existing forest
vegetation
cover so that

it continues to
increase shade,
lower local
temperatures,
reduce water
loss through
evaporation,
capture rainwater

Increasing use
of productive
trees (timber,
fruit, fodder)

in dryland
agriculture to
increase shade,
lower local
temperatures
and reduce water
loss through
evaporation.

References Summary

Continued from previous page

lIstedt, U, Malmer, A, Verbeeten, E

& Murdiyarso, D 2007 The effect of
afforestation on water infiltration in

the tropics: A systematic review and
meta-analysis. Forest Ecology and
Management, 251(1-2), 45-51 (DOI: 10.1016/j.
foreco.2007.06.014).

Postel, S L & Thompson, B H Jr 2005
Watershed protection: Capturing the
benefits of nature’s water supply services.
Natural Resources Forum, 29(2), 98-108
(DOI: 101111/j1477-8947.2005.00119.x).

Smith, J 2002 Afforestation and
reforestation in the clean development
mechanism of the Kyoto Protocol:
Implications for forests and forest
people. International Journal of Global
Environmental Issues, 2(3/4), 322-343.

See ‘forest conservation” and ‘agroforestry’
references.

Ffolliott, P F, Brooks, K N, Gregersen, H
M & Lundgren, A L 1995 Dryland forestry:
Planning and management. New York:
John Wiley and Sons, Inc.

Worku, A, Pretzsch, J, Kassa, H & Auch, E
2014 The significance of dry forest income
for livelihood resilience The case of the
pastoralists and agro-pastoralists in the
drylands of southeastern Ethiopia. Forest
Policy and Economics, 41, 51-59.

See ‘reforestation’ and ‘agroforestry’
references.

Lin, B B 2007 Agroforestry management
as an adaptive strategy against potential
microclimate extremes in coffee
agriculture. Agricultural and Forest
Meteorology, 144, 85-94 (DOI: 10.1016/].
agrformet.2006.12.009).

Lin, B B 2010 The role of agroforestry

in reducing water loss through soil
evaporation and crop transpiration in
coffee agrosystems. Agricultural and Forest
Meteorology. 150, 510-518 (DOI: 10.1016/j.
agrformet.2009.11.010).

Continued from previous page

- Additional benefits include reduced wind

erosion, desertification, protection against
flash flooding (see riverine flooding),
improved water quality, climate change
mitigation and income for the local
population if managed sustainably.

See ‘forest conservation” and ‘agroforestry’
summaries.

« In times of drought, trees are usually

survive better than grasses so can
provide forage.

See ‘reforestation’ and ‘agroforestry’
summaries.

Increased canopy cover can reduce
ground temperatures, reducing evaporation
and evapotranspiration from some crops.

In order to receive local uptake,
agroforestry must be compatible with
local agricultural needs and constraints.

Some agroforestry studies have shown a
positive effect of agroforestry on droughts
but there have been few studies. More
research is therefore required to better
understand the effect of agroforestry on
drought.

Continued on next page . o . o,
See ‘reforestation’ and ‘forest conservation

summaries.
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Intervention

Process /
Mechanism

Evidence

DROUGHT

Breeding
drought
resilient crops
and livestock

Sustainable
agroecosystem
management
practices

Decrease
drought loss
to crops and
livestock;
increase
capacity of
agropastoral
systems to
function

at higher
temperatures

Soil cover

to conserve
moisture; crop
and livestock
diversity to
spread risk of
climate shocks;
reduce erosion

Research into
and development
and distribution
of crop and
livestock
varieties that
tolerate drought

Increase uptake
of range of
context-specific
practices
including
intercropping,
crop-livestock
integration,
minimum tillage

References Summary

Continued from previous page

Nguyen, Q, Hoang, M H, Oborn, |,

van Noordwijk, M 2012 Multipurpose
agroforestry as a climate change resiliency
option for farmers: an example of local
adaptation in Vietnam. Climatic Change,
17(1-2), 241-257 (DOI: 10.1007/510584-012-
0550-1).

Vandenbelt, R J 1990 Agroforestry in

the semiarid tropics. In Agroforestry:
Classification and Management (ed.
MacDicken, K G & Vergara, N T), New York:
John Wiley.

See ‘reforestation’ and ‘forest conservation’
references.

Consultative Group on International
Agricultural Research (CGIAR) 2011 Findings
on the impacts of CGIAR research 1971—
2011. Washington, DC: CGIAR fund.

Kassie, G T, Erenstein, O, Mwangi, W,
Setimela, P, Langyintuo, A & Kaonga, K K
2012 Drought tolerant maize in Malawi:
Lessons learned and the way forward.
Texcoco: CIMMYT International Maize and
Wheat Improvement Center.

Lybbert, T J & Bell A 2010 Stochastic
benefit streams, learning and technology
diffusion: Why drought tolerance is not the
new Bt. AgBioForum, 13(1), 13-24.

Giller, K E, Witter, E, Corbeels, M & Tittonell,
P 2009 Conservation agriculture and
smallholder farming in Africa: The heretics’

view. Field Crops Research, 114, 23-34 (DOI:

10.1016/j.fcr.2009.06.017).

ICIPE 2013 Climate-smart push-pull:
Resilient, adaptable conservation
agriculture for the future. Nairobi: ICIPE.

Mrabet, R, EI-Brahli, A, Anibat, | & Bessam,
F 2004 No-tillage technology: Research
review of impacts on soil quality and
wheat production in semiarid Morocco.

In Mediterranean rainfed agriculture:
strategies for sustainability (ed. Cantero-
Martinez, C & Gabifia, D). Zaragoza:
CIHEAM.

Continued on next page

« It has been reported that the use of
drought tolerant crops in southern Africa
give an average yield advantage of
20 — 50%.

Ensuring uptake (socio-economic
intervention) just as important as
successful breeding a program.

Techniques such as agroforestry, low
tillage agriculture, the use of traditional
planting pits, contour bunds and half-
moon structures to capture rain water can
all help increase soil moisture.

Additional benefits can include diversified
income, an increase in social cohesion/
capability and benefits to biodiversity.

Empirical evidence is not clear on the
effect on yields, labour requirements, soil
fertility and erosion. Research is required
to identify where these methods can
provide benefits.

See ‘agroforestry’ and ‘soil moisture
conservation’ summaries.
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DROUGHT

Evidence

Intervention Process /
Mechanism

Soil and water  Conserve soil Low-tech
conservation moisture; make structures —
efficient use of bunds, contours,
rainfall; prevent planting pits
erosion — conserve soil
and water at
the micro level.
Traditional
and modern
techniques.

References Summary

Continued from previous page

Mrabet, R, Moussadek, R, Fadlaoui, A &
van Ranst, E 2012 Conservation agriculture
in dry areas of Morocco. Field Crops
Research, 132(14), 84—94 (DOI: 10.1016/j.
fcr.2011.11.017).

Pretty, J, Toulmin, C & Williams, S 2011
Sustainable intensification in African
agriculture. International Journal of
Agricultural Sustainability, 9(1), 5-24.

Shames, S, Wollenberg, E, Buck, L E,
Kristjanson, P, Masiga, M and Biryahwaho,

B 2012 Institutional innovations in African
smallholder carbon projects. CCAFS report
no. 8. Copenhagen: CGIAR Research
Program on Climate Change, Agriculture
and Food Security (CCAFS). See www.ccafs.
cgiar.org, accessed 29.10.2014.

See ‘agroforestry’ and ‘soil moisture
conservation’ references.

FAO 2002 Crops and drops: Making the « The construction of low tech structures

best use of water for agriculture. Rome: such as bunds and planting pits with

FAOQ. the aimed at increasing agricultural
productivity.

Pretty, J, Toulmin, C & Williams, S 2011

Sustainable intensification in African These techniques have been shown in

agriculture. International Journal of some areas to have positive impacts

Agricultural Sustainability, 9(1), 5-24. on livelihoods, social networks and
agricultural productivity.

Reij, C, Scoones | & Toulmin, C (ed.) 1996

Sustaining the soil: Indigenous soil and Hard to get quantitative evidence of
water conservation in Africa. New York: impact on drought as often implemented
Earthscan. with other measures but is some
evidence of a positive impact on water
levels from planting pits.

Reij, C, Tappan, G & Smale, M 2010 Re-
Greening the Sahel: Farmer-led innovation
in Burkina Faso and Niger. In Millions fed

Local engagement is essential for project

(ed. Spielman, D J & Pandya-Lorch, R) success. The most successful methods
Washington, DC: International food policy are those which show an improvement
research institute. See http://www.ifpri.org/ within the first few years.

sites/default/files/publications/oc64ch07.

pdf, accessed 16102014 See ‘sustainable agro-ecosystem

management practices’ and ‘agroforestry’
See ‘sustainable agro-ecosystem summaries.

management practices’ and ‘agroforestry’

references.
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DROUGHT

Intervention Process / Evidence
Mechanism

References Summary

Reservoirs, Improved water Provision of Boelee, E, Yohannes, M, Poda, J-N, « Reservoirs significantly reduce the risk of
ponds & other  storage water storage McCartney, M, Cecchi, P, Kibret, S, Hagos, crop failure during drought by providing a
water storage facilities, reduced ¢ g | qamrani, H 2013 Options for water large store of water.

evaporation,

o . storage and rainwater harvesting to
ability to monitor

improve health and resilience against

Potential draw backing include costly

water use . ) ] ] construction and maintenance, damage
climate change in Africa. Regional to existing systems (if on a large scale)
Environmental Change, 13(3), 509-519. o .
and potential increase in water borne
Eguavoen, |, Derib, S D, Deneke, T T, diseases.
McCartney, M, Otto, B A & Billa, S S 2012
Digging, damming or diverting? Small-scale
irrigation in the Blue Nile Basin, Ethiopia.
Water Alternatives, 5(3), 678-699.
FAO 2002 Crops and drops: Making the
best use of water for agriculture. Rome:
FAQC.
International Water Management Institute
(IWMI) 2013 IWMI recommendations for
priority action in the dry zone of Myanmar.
Colombo: IWMLI.

Wells Access to Allows additional Calow, R 2009 What will climate change - Ground water is generally more reliable
groundwater non-surface mean for groundwater supply in Africa? than surface water and tends to be good
supply water to be London: Overseas Development Institute. quality.

accessed; lower

evaporation Lovell, C 2009 Productive water points in « Wells can be built near population
rate from dryland areas: Guidelines on integrated centres.

groundwater planning for rural water supply. London:

The amount of water that can be
sustainably withdrawn from aquifers is
Mishra, S, Ravindra, A & Hesse, C 2013 limited by the recharge rate.

Rainfed agriculture for an inclusive,
sustainable and food secure India. London:
International Institute for Environment and
Development (IIED). See http://pubs.iied. Land management techniques (see
org/10041lIED.html, accessed 29.10.2014. sustainable agro-ecosystem management
practices and soil and water conservation)
can aid aquifer recharge.

ITDG Publishing.

Aquifer recharge rate is expected to
change with climate change.

See ‘sustainable agro-ecosystem

management practices’ and ‘soil and water

conservation’ references. See ‘sustainable agro-ecosystem
management practices’ and ‘soil and water
conservation’ summaries.
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Intervention

Process /
Mechanism

Evidence

DROUGHT

Maintenance of
water supply,
prevention of
crop-failure due
to drought

Irrigation

Redistribution of
water between
basins

Interbasin
water transfer

Re-use of waste
water

Waste water
recycling

Redistribution of
water supply to
maintain crops
during low-
rainfall periods

Use of
engineering
(channels,
tunnels, dams,
aqueducts etc)

to redirect water
from one basin to
another

Water treatment
to allow waste
water to be
recycled

References

Foster, S & Shah, T 2012 Groundwater
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International Water Management Institute
(IWMI) 2013 IWMI recommendations for
priority action in the dry zone of Myanmar.
Colombo: IWMI.

Sharma, B R 2013 Impact of climate

change on water resources and potential
adaptations for Indian agriculture. Annals of
Agricultural Research, 34(1), 1-14.

World Wide Fund for Nature (WWF)
Pipedreams? Interbasin water transfers and
water shortages. Gland, Switzerland: WWF.

Bixio, D, Thoeye, C, De Koning, J,
Joksimovic, D, Savic, D, Wintgens, T &
Melin, T 2005 Wastewater reuse in Europe.
Desalination, 187, 89-101 (DOI:10.1016/j.
desal.2005.04.070).

Mateo-Sagasta, J, Medlicott, K, Qadir, M,
Raschid-Sally, L, Drechsel, P & Liebe, J
2013 Safe Use of Wastewater in Agriculture
(ed. Liebe, J & Ardakanian, R). Bonn:

United Nations Water-Decade Program on
Capacity Development.

.

Irrigation often involves some of the
interventions described above above
(eg water storage and transfer, and
management of vegetation).

Irrigation can greatly increase crop yields
and can enable small farmers in drought
prone areas to produce ‘cash crops’ such
as vegetables.

Uncontrolled irrigation can cause major
aquifer depletion. Aquifers are prone to
the ‘tragedy of the commons’.

The effect of irrigation on biodiversity
depends on whether water is taken from
or directed to natural ecosystems.

Interbasin water transfer is the transfer
of water from areas considered to have
a water surplus to those with a water
shortage.

Interbasin water transfer can provide
large quantities of water to areas suffering
from drought.

Draw backs include a very high cost
and potentially significant damage to
biodiversity and livelihoods in the donor
basin.

Consequences vary considerably
between basins but there is evidence
that interbasin water transfer disturbs the
water balance in both river basins.

Reuse of waste water can significantly
reduce the water requirements of a
population.

In many countries the use of waste water
in unregulated which can lead to health
issues.

There is little economic evidence on costs
and benefits of waste water reuse.
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Heatwaves

Intervention

Process /
Mechanism

Evidence

HEATWAVES

Afforestation Lower local Creation of
temperatures shade, increase
in evapo-
transpirative
cooling, altered
wind flow
patterns
Maintenance Lower local Maintenance of
of existing temperatures shade, evap-
vegetation & otranspirative
trees cooling etc.
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Also see ‘Urban planning’ references.

See ‘afforestation’ and ‘urban planning’
references.

« It has been shown that tree-shading can
reduce heat stress locally.

« The effectiveness is dependent on the
tree placement, canopy height, and leaf
size and structure.

Urban parks have been shown to
be between 1and 3 °C cooler than
surrounding urban areas.

There is currently little evidence as to the
effectiveness at a city-scale and little data
is available on non-urban projects.

In areas with extremely high temperatures
and water shortages urban tree mortality
becomes an issue although using a
diverse range of species may help limit
this.

Little data available on the cost-benefits
of this approach.

.

- Additional benefits may include improved
biodiversity.

See ‘afforestation’ and ‘urban planning’
summaries.
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Process /
Mechanism

Intervention

Evidence

HEATWAVES

Green roofs Lower local Increased

(veg cover), temperatures shade, increased

vertical evapotranspi-

greening rative cooling,

systems reduction in 'ur-
ban heat island'
effect

White roofs Lower local Increased

temperatures reflection,

reduction in
'urban heat
island' effect
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Continued on next page

« Green roofs and vertical greening
systems act to reduce the ‘urban heat
island” effect and cool buildings through
increased shade and evapotranspirative
cooling.

Green roof have been shown to have a
significant cooling effect both with the
building and the street canyon.

In order to remain effective regular
maintenance of green roofs and vertical
greening systems must be carried out.

Additional benefits may include improved
air quality and in some cases recreational
space.

The implementation of green roofs and
vertical greening may be restricted by:
the ability of older buildings to cope with
additional weight, water requirements
(especially in countries where drought is
often an issue) and competition for roof
space, for example with solar panels.

» White roofs increase the albedo of urban
areas, reducing the energy absorbed
by buildings and therefore reducing
temperatures.

- Relative to other measures white roofs are
low cost and require little maintenance.

- Existing buildings may be modified to
increase their albedo.

Continued on next page
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Process /
Mechanism

Intervention

Evidence

HEATWAVES

Urban
planning, grid
design etc.

Lower local
temperatures

Use of building
materials

and spatial
planning to
increase albedo,
improve air-
flow and lower
temperatures

References Summary

Continued from previous page
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See ‘urban planning’, ‘green roofs
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references.
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See ‘white roofs’ and ‘afforestation’
references.

Continued from previous page

- White roofs may increase the need for
heating in cool climates and may face
competition for roof space, for example
from solar panels.

- Additional benefits may include reduced
global warming caused by the increase in
albedo.

- Urban areas are significantly warmer than
surrounding rural areas — ‘the urban heat
island effect.

Causes include: low albedo surfaces, a
high surface area, atmospheric pollution,
reduced air movement, reduced
evaporation, increased heat storage and
anthropogenic heat emission.

Changes in urban design can act to limit
the urban heat island effect. Options

used include: increased vegetation and
areas of water (eg ponds, fountains etc.),
wider streets to increase turbulence and
avoid heat trapping, shading buildings
(eg with green walls), street orientation to
enable air movement, shading outdoor
areas, improving air quality and increasing
surface albedo.

Major redesign of most cities is
prohibitively expensive but incorporation
of these features when areas or building
are redeveloped will reduce people’s
exposure to heat waves.

See ‘white roofs’ and ‘afforestation’
summaries.
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Process /
Mechanism

Intervention

Evidence

HEATWAVES

Air Lower local
conditioning temperatures
humidity

Retain lower
temperature
inside buildings

Insulation

buildings

Reduction of air
temperature and

Prevent transfer
of heat from
outside to inside
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Air conditioning is one of the most
effective protective factors against the
effects of heat.

The cost and energy demand of air
conditioning means that many of the
people most at risk during heatwaves
cannot afford it.

In heat waves community cooling centres
can be effective in helping vulnerable
members of society.

Air-conditioning can raise night time
temperatures further disadvantaging
those without access to air conditioning.

Air conditioning has a high energy
demand so if fossil fuel is used in

power generation it can be a cause of
increased greenhouse gas emissions and
decreased air quality.

Insulation acts to prevent heat transfer
into buildings, maintaining lower inside
temperatures during heat waves.

The effectiveness of insulation in
maintaining low inside temperatures is
dependent on the form of insulation and
where it is applied.

An additional benefit of insulation is the
reduction winter heating requirements
so reducing energy requirements and
therefore greenhouse gas emission.
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