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Outline Introduction\Background Global warming Modelling climate change Impacts on UK future drought:• Rainfall drought • Hydrological drought (River flows, reservoirs, groundwater levels) • Water resources



Conclusions Page 3



Global warming
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Global warming: evidence Combined global land and marine surface temperature record from 1856 to 2004 (Source: Climate Research Unit, University of East Anglia).
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Evidence: Warming can be explained when anthropogenic forcing included Temperature change ºC
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Climate modelling
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Global models e.g. The Hadley Centre third coupled model – HadCM3 Page 9
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The UK Climate Impacts Programme Climate change scenarios SUMMER
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Climate change in the South East Essex County Wide Action Plan (HR Wallingford, 2005)



Main projections for Essex by the 2080s: •Winter temperatures will increase by 2-3°°C •Summer temperatures will increase by 3-5°°C •Winter precipitation will increase by 13-25% •Summer precipitation will decrease by 24-47% •Average sea levels will increase by 26-86cm* •Extreme sea levels will increase by 80-140cm* *including regional isostatic subsidence as well as climate change Page 12
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Impacts of climate change on Essex Precipitation change  Water resources  Flooding (inland) Temperature increase  Heat stress during summer  Risk to river/wetland ecologies  Heating of buildings  Cooling of buildings  Demand for water Page 13



Why should we be considering climate change? Climate change is happening and will impact on water There is high confidence in this fact. There is less confidence in the extent of change, But we can still plan for the potential consequences.



What can we do to limit the consequences? ADAPTATION – reducing impacts of climate change. MITIGATION – reducing future climate change.



Why do this if the projections are so uncertain? NO and LOW regret actions - benefits now. ‘Climate proof’ future infrastructure development



Principles for adaptation to climate change • Rigorous science + practical solutions + social engagement (Hunt, 2006) Page 14
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Future Droughts Impacts of climate change on water resources



Background: Water Availability & Supply
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Water Availability (Groundwater): (Environment Agency, 2001). Page 16
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Background: Water Availability (Surface Water) Summer



Winter



(Environment Agency, 2001).
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The development & impacts of UK drought Climate change



Climate variability



High temperatures Increased evapotranspiration



DURATION



Reduced ‘effective’ rainfall Less runoff and recharge Increase soil moisture deficits Lower groundwater levels Reduced river flow Reduced habitat areas



Plant water stress Reduced biomass/yield Increased demand for water



‘Threatened’ or actual water supply shortage Drought Permits/Orders Page 18



Environmental Impacts



Social Impacts



Economic Impacts



DROUGHT Rainfall--Agricultural-- Hydrological-- Water Resources



Rainfall deficits (amount, timing, severity)



Socio-economic change
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Potential impacts of climate change Rainfall drought



Change in monthly average rainfall 2020s _ River Medway Rainfall Factor Indicators
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Spreadsheet of 2020s monthly rainfall and PET factors for % all UK catchments (UKWIR/EA, 2006)
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Medway: Changes in monthly rainfall 2020s Monthly rainfall factors Percent change from 1961-90
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Medway: Changes in monthly PET 2020s Monthly PET factors 40
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Development of extreme scenarios based on climate models (HR Wallingford, 2005) Direct use of monthly RCM data to estimate changes in frequency of severe droughts (6 months & 2 year) Regional analysis of 9 grid squares Comparison of GCM outputs (6 models) to place RCM in context
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Defra Cross-Regional Climate change programme
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Changes in precipitation patterns based on HadRM3 Defra Cross-Regional Climate South East of England change programme Possible changes in precipitation 3 summer months (JAS) 200
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Changes in precipitation patterns based on HadRM3 South East of England Possible changes in precipitation 3 winter months (OND) 450
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Defra Cross-Regional Climate change programme



Changing patterns of seasonal rainfall 2080s Medium High Emissions scenario compared to 1961-1990



Change in frequency of extreme dry conditions



East Scotland



South East England



1 in 20yr Dry Winter



23 yrs



18 yrs



1 in 10yr Dry Winter 1 in 20yr Dry Summer



12 yrs 9 yrs



10 yrs 7 yrs



1 in 10yr Dry Summer



5 yrs



4 yrs



Comments (--) No significant change



(x2) More dry summers



Page 26



13



0



0



2020s 2050s 2080s 2020s 2050s 2080s HadRM3 (A2) - Increase in1970s the frequency of ‘short’ rainfall ES SS droughts



1970s



25 Defra Cross-Regional Climate change programme 20 25



15



5 0



1970s



25 20



10 5 0



10



5



5



0



0



1970s



1970s



2020s 2050s NS



2020s 2050s 25 NEE



2080s



15



10



10



5



5 2020s 2050s NI



0



2080s



25



25



20



20



15



15



10



10



2080s



5



1970s



10 5



5 1970s



2020s 2050s ES



1970s



25 20



Page 27



15



2080s



15



2020s 2050s SWE 0



20



10



0



20



1970s



25



15



15



10



0



15



20



2020s 2050s CEE



0



1970s



2020s 2050s 25 NWE



2020s 2050s SS



2080s



2080s



20 15 10



20



5



1970s15 2020s 2050s NEE



1970s



2020s 2050s NWE



2080s



25 20



5



15



0 1970s



0



2080s



10



5



2080s



0



2080s



25



No. droughts in 30 yrs



10



20



25



HadCM3 HadRM3-a HadRM3--b HadRM3--c



20



15



25



Number of 6 months extreme droughts



10



1970s 2020s 2050s SWE



2020s 2050s 5 SEE 0 2080s



1970s



Time period



2080s 2020s 2050s SEE



2080s



HadRM3 (A2) - Increase in the frequency of ‘long’ rainfall droughts Defra Cross-Regional Climate change programme
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Potential impacts of climate change River flows



Runoff factors based on UKCIP02 scenarios for the 2020s (UKWIR, 2003) Anglian 5
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Change in river flows: 2020s UKWIR/EA CL-04 Medway@Teston (40003) 50 90% confidence intervals 50% confidence intervals median
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Potential impacts of climate change Reservoirs
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HadRM3H – perturbation to estimate source yields
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EA Severe Droughts Project



Potential impacts of climate change Groundwater
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UKCIP02 Impacts on groundwater levels – Average changes in chalk in SE England (Bloomfield & Wade) 0.00 -0.20 -0.40 -0.60 -0.80 -1.00 Mean
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Water resources systems



Impacts of change on water resources Climate variability & Climate Change (UKCIP02 & HadRM3 Extremes)



Social & economic change (Foresight scenarios) •Population growth •Economic growth •Land use change •Social change •(Lifestyle & attitudes) Policy responses •Regulation •Investment •CAMS •WFD



Stakeholder responses •Business strategy •Risk “appetite” •Guidelines
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Water resources planning 260.00
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Water futures for the South East 2020s Small increase in the demand (2%) for water due to climate change Large increases in demand for water in ‘growth areas’ due to increasing population/households Potential supply-demand deficits of 4 to 15% in the SE. Potential for additional investment ca. £50M per water resources zone in development ‘hot-spots.’



2050s Increase in demand (4%) due to climate change Increases in demand depending on socioeconomic scenario Potential supplydemand deficits of 7 to 32 % in SE



Water Futures: 2080s resource requirements =f(climate change, socio-economic change)
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Requirements Ml/d



Requirements Ml/d



Water Futures: 2050s resource requirements =f(climate change, socio-economic change)
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2080s Further increases in demand due to climate change Overall increases depending on socio-economic scenario Potential supplydemand deficits of 16 to 46% in SE
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National transfers (North to South) Research Monitoring of trends in rainfall, river flow and recharge



Educational projects Research into water saving technology Improved Building Regulations



Environmental Directives Implementation of the WFD New legislation on drought management
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Bankside storage Collective storage reservoirs Desalination Wastewater re-use Artificial recharge of aquifers Flexible licensing Insurance against crop failure



Waste minimisation Dual flush toilets Metering Leakage control Rainwater use Greywater use White goods subsidies Change crop types Improved irrigation technology
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Multi-Criteria Analysis of Options Figure 3.3: Scatter Plot of Score versus Cost for the East of Scotland Case Study 100% 90% 80%
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Conclusions: Climate change impacts •Three of the worst five rainfall droughts in the UK since 1914 have occurred since 1990 •‘Short’ droughts, lasting one or two seasons, will increase significantly by the 2050s and be commonplace by the 2080s •The chance of a ‘dry winter’ will remain unchanged •Pressures on public water supply, agriculture and the environment will increase •Public water supply-demand deficits of 4 to 15 % developed by the 2020s and deficits of 16 to 46 % by the 2080s for the baseline or ‘do nothing’ case. Page 44
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Conclusions: Adaptation



Page 45



•improvements to drought risk management •variable water charges •changes to agricultural irrigation practices inc. small on-farm reservoirs • mandatory changes to land use planning and building regulations • as well as the ‘twin-track’ water resources planning approach of developing new resources alongside demand management schemes. •selecting adaptation measures to meet environmental, social and economic objectives (MCA)
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