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Climate change 

is, to a large 

extent, water 

change

The future for 

freshwater will 

not look like the 

past 



IPCC – Intergovernmental Panel of Climate 

Change http://www.ipcc.ch/report/ar5/

2008



Nutrient loads

Major CC related processes & concerns

Natural organic compounds 
Hazardous substances

Oxygen depletion

Ecological status (effects on biota)
Habitat fragmentation

Habitat shift

Loss of biodiversity
Alien species

Changed mobility of pollutants in 
soil and lake sediments

Changes in hydrology (river flow, lake levels, 
retention time, ice regime)

Increased thermal stability

of lakes

Shifted timing of 

meteorological 
and biological 

processes

Floods & 
droughts





• Climate change (CC) mitigation measures aim to 
reduce greenhouse gas (GHG) emissions

• CC adaptation measures should reduce the 
vulnerability of societies and ecosystems to adverse 
effects of CC.

• In respect of water resources and ecological status 
of water bodies the two approaches are often 
disconnected that, instead of synergies, can create 
trade-offs between them

RIVER BASIN SCALE WATER 

MANAGEMENT NEEDED FOR CLIMATE 
CHANGE MITIGATION & ADAPTATION



Locatelli, B., 2016. Ecosystem 
Services and Climate Change.

In: Routledge Handbook of Ecosystem Services. http://hal.cirad.fr/cirad-01264738



Quantity Quality

Water 
supply & 
sanitation

Freshwater 
ecosystrems

Climate change impacts on water systems

Different concerns even in neighbouring countries



Different Climate Change adaptation plans & 
strategies even in neighbouring countries



• Indirect pressures from human 
responses to climate change (both 
adaptation and mitigation) could 
have a greater impact on water 
bodies than climate change itself

• These pressures include: 

– elevated water abstractions for 
irrigation, 

– new flood defence infrastructure,

– intense production of energy crops

– etc
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Weigh efforts vs

trade-offs !



Examples of CC mitigation measures

– Carbon dioxide capture and storage

– Ocean fertilization with iron

– Geothermal energy extraction

– Large-scale biofuel production

– Hydro-electric power plants

– Land management for soil carbon conservation

– Agricultural intensification e.g. crop rotation

– Evaporative cooling in building



Examples of CC adaptation measures

• “Win-win” measures
– Reduction of water use
– Optimization of fertilizer use
– Buffer strips

• “No regret” measures
– Restoration of natural river beds and flood plains
– Restoration of wetlands
– Reforestation
– Erosion control measures

• Potentially counter-productive measures
– “Naturalisation” of rivers in densely populated areas 
– Dam construction
– Modifications of land-use practices 



The measures could be grouped 
by the three simple principles

• Keep things in place

• Keep things natural

• Be informed and plan your actions



Keep things in place

• Keep carbon in its present pools

• Keep water in the catchment by creating retention 
basins and slowing down the run-off

• Keep substances at source avoiding them becoming 

pollutants

• Keep species within their natural habitats



Keep things natural

• Protect and restore the natural regulating function of 
catchments, rivers, floodplains and coasts in order to 
manage water quality and to alleviate flood and coastal 
erosion risk. 

• This could involve flow modification, floodplain 
reconnection instream and coastal habitat 
improvement, and riparian management.

• Restoring degraded peat bogs and reforestation  will 
also help to slow run-off and increase infiltration.



Be informed and plan your 
actions

• Uncertainty and the precautionary principle

• Long term capacity development

• Medium-term management

• Operative measures

• Streamlining of strategies and avoiding potential 
cross-sectoral trade-offs in river basin management



Potential trade-offs in water sector

• It is well-known that 
– large-scale biofuel production increases water demand 

and contamination 
– hydro-electric power plants fragmentise the river 

ecosystem integrity and affect biodiversity
– dams and water reservoirs can emit additional GHGs 
– seawater desalination as a drought combating measure 

accelerates energy consumption. 
• It is much less known that

– even reforestation, wetland reconstruction, or creating 
buffer strips, usually considered as win-win measures, 
may locally become antagonistic to other adaptation and 
mitigation measures. 



Bates, B.C., Z.W. Kundzewicz, S. Wu and J.P. Palutikof, Eds., 2008: 

Climate Change and Water. Technical Paper of the Intergovernmental 
Panel on Climate Change, IPCC Secretariat, Geneva, 210 pp.

• Mitigation measures can 
influence water resources 
and their management. 

• Water management 
policies and measures can 
have an influence on GHG 
emissions. 

• Interventions in the water 
system might be counter-
productive when evaluated 
in terms of CC mitigation.

IPCC 4AR addresses 
CC mitigation tradeoffs



Influence of sector-specific mitigation options on water quality

Expanding bio-energy crops and forests may cause 
increased water demand, contamination of underground 

water and landuse changes
Geothermal energy use might result in pollution, 
subsidence and a claim on available water resources.
Unconventional liquid fuels will become more economically 
attractive, but this is offset by greater environmental costs 
(a high water demand; sanitation costs).

IPCC 4AR



Influence of sector-specific mitigation options on water quantity

Afforestation influences both 

catchment and regional 
hydrological cycles reducing 

runoff and flooding. It generally 

gives better watershed 
protection, but at the expense of 
surface water yield and aquifer 
recharge, which may be critical in 
semi-arid and arid regions.

Land-use change can influence water 

quality (enhanced or reduced leaching of 
nutrients and pesticides) and

the hydrological cycle (higher water use).
Agricultural practices for mitigation can 
have both positive and negative effects on 
conservation of water and on its quality.
Reduced tillage promotes increased water-
use efficiency.

IPCC 4AR



Effective adaptation to climate 
change requires a cross-
sectoral approach in order to 

prevent possible conflicts and 
to consider trade-offs and 
synergies between adaptation 
and mitigation measures.

Addresses 
cross-sectoral tradeoffs



CO2 capture and storage might cause degradation of groundwater quality
due to leakage of CO2 from injection and abandoned wells, leakage across

faults and ineffective confining layers, local health and safety concerns 

due to release of CO2

Geothermal energy extraction might cause chemical pollution of upper 

layers of fresh aquifers and waterways due to trace amounts of dangerous

elements such as mercury, arsenic, and antimony; concerns regarding land 
subsidence.

Large-scale biofuel production might cause increased water demand, 
enhanced leaching of pesticides and nutrients leading to contamination of 

water, biodiversity impacts, conflicts with food production and land use 
changes, leading to indirect effects on water resources, increased
vulnerability to droughts

Mitigation measures  water resources



Hydro-electric power plants have ecological impacts on existing river 

ecosystems and fisheries for example due to changes in flow regime, water 

temperature regime, oxygen concentrations and evaporation.

Land management for soil carbon conservation might cause enhanced 

contamination of groundwater with nutrients or pesticides via leaching
under reduced tillage

Agricultural intensification might increase the crops with higher water 
demand

Mitigation measures  water resources



Adaptation measures  negative effect on CC mitigation 

Desalinization of saline water for water supply involves high energy needs

Reservoirs/ hydropower plants can emit GHGs

Irrigation involves high water and energy needs



Jackson RB et al. 2005. Trading water for carbon with biological sequestration. Science 310: 1944–47.

Afforestration / reforestration & CC mitigation

•Carbon sequestration strategies with tree 
plantations do not consider their full environmental 
consequences. 
•Plantations decreased stream flow by 227 
millimeters per year globally (52%), with 13% of 
streams drying completely for at least 1 year.
•Plantations can help control groundwater recharge 
and upwelling but reduce stream flow and salinize 
and acidify some soils.



Principles for linking adaptation measures and 
mitigation activities (Robledo et al., 2005):

1. Prioritise mitigation activities that help to reduce
pressure on the natural resources and enhance 
local adaptive capacity (synergy effect);

2. Include vulnerability to climate change as one of 
the risks to be analysed in mitigation activities;

3. Increase sustainability of livelihoods, with 
particular consideration for the poor.



Global warming reinforces eutrophication !

Moss et al. 2012
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– The carbon balance of aquatic and watershed 
terrestrial ecosystems is tightly linked with cycles of 
other nutrients, first of all with nitrogen and 
phosphorus, and with the CNP stoichiometry in food 
webs. 

– All these processes are sensitive to climate change
(CC) and transform as a result of global trends.



Locatelli, B., 2016. Ecosystem Services 
and Climate Change.
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 Signatories to the Paris Climate Agreement in 2017 pledged to keep global 
average air temperatures rise less than 2 °C above pre-industrial levels.

 Almost everyone also promised to keep the temperature rise below 1.5 °C.

 The report acknowledges that the goal is becoming more and more difficult, 
but not completely impossible. 

 To meet the 1.5 °C goal, the whole world should cut its carbon emissions 
more vigorously. Of the world's major polluters, only Morocco and the 
Gambia fulfill the 1.5 ° C promise.

 Of the major world powers, only India and the Philippines are struggling to 
keep temperatures rise below 2 ° C.

 The average temperature in the world is going to increase by 3 °C due to the 
sluggishness of the countries

 To date, global average air temperature has risen by almost 1 °C. If present
emissions continue, it will rise 0.5 °C already by 2030, and we will reach 
warming of 2 °C in 2060-2080.

2018



Crossing the 2 °C limit is associated with enormous economic 
and social damage, an increase in heat waves, floods and fires, 

the collapse of many ecosystems and their functions, the 
acidification of the oceans, the depletion of fish stocks and the 

loss of suitable conditions for agriculture in large areas.

2018



 1.5 °C rise in temperature compared to a 2 °C rise 
would significantly reduce the risks:
 Extreme heat waves would affect less 61 million people 

worldwide.
 In the Mediterranean, twice as few people would suffer from 

water scarcity.
 150 million premature deaths could be prevented worldwide 

by 2100.

 Costs could be reduced by speeding up the world.
 in 2016-2035 $ 2.4 trillion per year would be needed to 

invest in green energy systems.
 This is four times less than the losses caused by the rise of 

the world ocean in 2100.

2018



Impact of climate change on inland water bodies and their 

management AR5 2014
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Thank you!


