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Agenda 
• Project Overview 

 

• Watershed/Climate Change Model Results 
 

• Vulnerability Assessment  

– Sector based vulnerabilities 
 

• Development of Adaptive Management Strategies 

– Strategy evaluation metrics, costs, time frame  

– Definition of High priority strategies 
 

• Conclusions & Regional Considerations 



SUSTAINING SCIOTO PARTNERS 



What prompted study? 

Source: Brown, T. C., R. Foti, and J. A. Ramirez, 2013: Projecting fresh 

water withdrawals in the United States under a changing climate. Water 

Resources Research, 49, 1259-1276 

2005 to 2060 



SUSTAINING SCIOTO – Mid-Ohio Regional Planning Commission 

The Need to 

Prepare for Future 

Weather Extremes 
 

 

 

Ohio precipitation could 

increase 5-15% in winter 

& spring, decline 10% in  

summer by 2080-2099. 





• Models the effects of climate change on the Upper Scioto River Basin  

• Uses technical data, climate modeling, and stakeholder input 

• Develops an adaptive management plan for the region 

WHAT IS SUSTAINING SCIOTO? 



UPPER SCIOTO 

RIVER BASIN 

• 3,200 square mile 

watershed 

• Provides drinking water 

for nearly 2 million  

• Provides 85% of the 

region’s surface water 

supply 



Two-Phased Project Approach 
 

• Phase I – 

o Development of a model to assess the 

impacts of changing weather patterns on 

water resources.  

o Model developed by the USGS specifically 

for the Upper Scioto watershed. 

  

• Phase II – 

o Develop an adaptive management plan 

using the results of the model and input 

from a broadly based Stakeholder Advisory 

Committee. 

 



Upper Scioto River Basin - Hydrologic 

Effects of Potential Changes in Climate, 

Water Use, and Land Cover 



USGS Modeling 
• Hydrologic model for the Upper Scioto River basin 

 

• Calibrated based on historical observed data 
 

• Simulate runoff characteristics for climatic 

conditions that are projected to occur in the future  

– Temperature 

– Precipitation 

– Evapotranspiration  

– With and without anticipated population growth and 

development 



Hydrologic model 

Source: U.S. Geological Survey 



Water withdrawals 

and returns 

• Modeled a total of  

83 surface-water 

withdrawals and  

38 return flows 



Reservoirs 

 

• Modeled operation of 5 

in-line reservoirs and 3 

upground reservoirs 

• Reservoirs are 

operated for water 

supply and/or flood 

control 



Hydrologic Model 

• Model calibrated/ 

validated based on 

observed historical 

climate & streamflow 

time series data for 

1989-2010  

• Used data from 10 

climate stations and 

18 streamgages 



Model output 

locations 

• Daily mean simulation 

results output for the 

5 in-line reservoirs and 

12 stream sites 



Global Climate Model (GCM) Data 

 

• GCM source: Coupled Model 
Intercomparison Project - Phase 3 
(CMIP3)  

 
– 16 models in CMIP3 data set 

– Native spatial scale = ~ 100 by 150 km 
(60 x 90 mile) grid cells 

– Downscaled spatial scale = ~ 12 x 12 
km (7.5 x 7.5 mile) grid cells 

– Temporal Scale = Monthly for 1950-
2099  

– Each model run based on 3 carbon 
emission scenarios (B1, A1b, A2) 

 

 

Image source: Warren Washington, NCAR 



Carbon emission 

scenarios 

• A2 – population and 

CO2 continuously 

increasing 

• A1b – population and 

CO2 increasing until 

2050, then declining 

• B1 – Not used (too 

optimistic?) 

Source of data: Special Report on Emissions Scenarios (IPCC, 2000) 



GCM selection 

A1b 

A2 

B1 

Source of images: www.climatewizard.org 



GCM selection 

A1b 

A2 

B1 

Source of images: www.climatewizard.org 



Change factors 

• Why? - Monthly time resolution of GCMs not 

sufficient to model sub-basin processes 

• Used monthly “change factors” to create 

hypothetical future climate series based on 

historical hourly climate series 

• Change factors added to or multiplied by historical 

data to reflect future changes in precipitation and 

temperature indicated by GCMs relative to a 

baseline period (1980-1999) 



Created ensembles of future climate 

time series 

• The 1989-2010 historical 

climate time series used to 

compute climate time series 

beginning in 77 future years 

• Done for each of 10 climate 

stations used in the model 

based on change factors 

from each of 8 

GCM/emission combinations 

… 



Two modeling scenarios 

 

• “Level 1” = climate change + reservoirs 

 

• “Level 2” = climate change + reservoirs + build-out 



Build-out 

• Development-driven 

changes in land cover 

and water use 

• Future development 

based on current local 

zoning and population 

projections 

• Build-out estimated for 

2035, 2055, and 2075 

Source: Mid-Ohio Regional Planning Commission 









Simulations 

• Ensembles of future 

climate used to 

simulate ensembles of 

future hydrology for 

both level-1 and level-2 

scenarios 

• In total, more than 

1,200 simulations run 

 

 

 

HSPF 

2016-2037 

2017-2038 

2018-2039 

… 

2092-2113 

Climate 

2016-2037 

2017-2038 

2018-2039 

… 

2093-2113 

Runoff 



Processing simulation results 

• Omitted first 2 years of 

results from each 

simulation (to establish 

water balance) 

• Computed statistics of 

ensembles based on 

years with 20 results 

Example of results for one GCM/emission scenario  

at one output location  



Analytical products 

• Simulation results analyzed to provide information on: 

– Trends in annual, seasonal, and monthly 

streamflows and reservoir water-levels (only level 1) 

– Maximum and minimum 7-, 30-, and 180-day 

average streamflows and reservoir water-levels 

– Exceedance characteristics of 7- and 30-day 

average streamflows and reservoir water levels (only 

level 2) 



Some provisional results … 



SUSTAINING SCIOTO – Mid-Ohio Regional Planning Commission 

Actual vs Projected Annual Mean Temperature (F) 
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Actual vs Projected Annual Mean Precipitation (in) 
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EXPLANATION

Annual mean streamflows (level 1) 

Circleville 

Reference period = 1991-2010 

 



Monthly mean streamflows (level 1) 

• Compared epoch medians 

• A2 results 

– December-April mean flows 

generally increasing  

– August mean flows generally 

decreasing 

• A1b results 

– Compared to A2 results: 

• Results more mixed and 

changes more subtle 

• February, June, July, and 

November had more 

decreases 

• September had more 

increases 

 
epoch 1 = 2037-2055, epoch 2 = 2056-2075, epoch 3 =2076-2094 



Max/min N-day averages (level 1) 

• Computed running 

average 7-, 30-, and 

180-day flows or water 

levels  

• N-day results based on 

20-year simulation 

periods 

• N-day values plotted at 

midpoint of time periods 

• N-day values are the 

highest/lowest in period 

 

Compute time series of N-day  

average flows or water levels 

Determine maximums  

& minimums 

Plot result at mid-point  

of time period 



Max/min N-day averages (level 2) 

• Level-2 N-day results based 

on 11-year simulation 

periods 

• Computed only for periods 

centered within ±5 years of 

target build-out years 

(2035, 2055, 2075) 

• Results plotted at center of 

simulation period 

 

 





Mill Creek 

• Marysville demand expected 

to 

increase by about 250% 

between 

2035 and 2090 

• More water in = more water 

out 

• Groundwater supplies about 

half 

of water used by Marysville 

Reference period = 1991-2010 



Project status 

 

• Report on the Upper Scioto River Basin study is 

awaiting final approval 

 

• Anticipated release this month 



SUSTAINING SCIOTO ADAPTIVE 

MANAGEMENT PLANNING 

http://www.morpc.org/sustainingscioto


Stakeholder Advisory Committee 
 

• Input on current and 

future water needs 

• Assess vulnerabilities   

• Evaluate adaptive 

management 

strategies 
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Actual vs Projected Annual Mean Temperature (F) 
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Actual vs Projected Annual Mean Precipitation (in) 
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CLIMATE & WATERSHED MODEL RESULTS 

Short-Term 

•2015 to 2025 

•Climate within normal range 

Mid-Term 

•2026 to 2045 

• Increase in annual average temperature and higher seasonal temp 

• Increase variability in flow and precipitation  

Long-Term 

•2046 to 2090 

• Increased uncertainty – regional development as well as climate 

• Increased  temperature and variability in flow 



Overall Prioritization Methodology 

Predicted Changes 

Evaluated changing 
conditions & ranked 
based on 
LIKELIHOOD of 
occurrence 

Risks 

Ranked based on 
IMPACT on the 
region 

Adaptation Strategies 

Ranked based on 
TIMING and 
REGIONAL 
CONDITIONS 



Prioritization Methodology: Predicted Changes 
Predicted Changes 

Ranked based 
on LIKELIHOOD 
of occurrence 

Risks 

Ranked based on 
IMPACT on the region 

Adaptation Strategies 

Ranked based on 
TIMING and 
REGIONAL 
CONDITIONS 

• Highly likely to occur: 
– Linked to defined trends from the model results and climate data 

• Medium probability of occurrence: 
– Results shown in the models  

– Less distinct trends 

– Associated with build-out or trends in precipitation 

• Low probability of occurrence: 
– Not directly predicted by the model results  

– Considered less likely to occur based on the analysis 



PREDICTED CHANGES AND 

THEIR LIKELIHOOD OF OCCURRENCE 



Prioritization Methodology: Risks 
Predicted Changes 

Ranked based on 
LIKELIHOOD of 
occurrence 

Risks 

Ranked based 
on IMPACT on 
the region 

Adaptation Strategies 

Ranked based on 
TIMING and 
REGIONAL 
CONDITIONS 

Affects Livability of 
Region 

High 
Priority 

Medium 
Priority 

Low 
Priority 

Impacts Quality of 
Life in Region 

Less Impact on 
Quality of Life in 

Region 



RISKS & IMPACTS 

Impacted Sectors 
Projected or Potential 

Future Challenges 



Prioritization Methodology: Risks 



THREATS & VULNERABILITIES 



Prioritization Methodology: Risks 

 [LW1]I agree with this comment as well.  

 [CVE2]CP: Seems in conflict with “greater variability”.  Also, how would higher sustained peaks be a problem for supply management?  Being from CA, hard to imagine a problem with too much water! 

 [J3]It is a problem from a water quality perspective. Higher flows mean more stormwater runoff and more pollutant load to surface waters. Higher flows also mean in-stream erosion which produces even more pollutant load. 

Water Supply/Quality High-Priority Risks 

No. Predicted Changes High Priority Risks 

1 
Increased air 

temperature 

Increased nutrient/pesticide/herbicide load due to extended growing 

season 

2 
Increased water 

temperature 
Increased algal blooms 

5 
Higher maximum  

peak stream  flows  

Increased TOC, nutrients, turbidity, sediment, and other pollutant 

loads to surface waters 

Increased algal blooms 

Increased watershed and stream bank erosion 

6 
Extended dry periods/ 

summer drought 

Decreased reservoir inflow/volume and reduced mixing 

Increased algal blooms 

7 
Increased intensity of 

wind and rain events 

Increased watershed and stream bank erosion 

Increased TOC, nutrients, turbidity, sediment, and other pollutant 

loads to surface waters 



Prioritization Methodology: Risks 

 [LW1]I agree with this comment as well.  

 [CVE2]CP: Seems in conflict with “greater variability”.  Also, how would higher sustained peaks be a problem for supply management?  Being from CA, hard to imagine a problem with too much water! 

 [J3]It is a problem from a water quality perspective. Higher flows mean more stormwater runoff and more pollutant load to surface waters. Higher flows also mean in-stream erosion which produces even more pollutant load. 

 
 

Water Treatment High-Priority Risks 
 

No. Predicted Changes High Priority Risks 

1 
Increased air 

temperature 
Taste and odor concerns, potential for algal toxins 

2 
Increased water 

temperature 
Taste and odor concerns, potential for algal toxins 

3 
Higher maximum  

peak stream  flows  

Increased pollutant loads (from increased turbidity, organics, 

nutrients, microorganisms and other contaminants) in surface 

waters 

4 
Increased intensity of 

wind and rain events 

Damage to infrastructure / infrastructure failure including power 

outages, flooding and intake damages 



Prioritization Methodology: Risks 

 [LW1]I agree with this comment as well.  

 [CVE2]CP: Seems in conflict with “greater variability”.  Also, how would higher sustained peaks be a problem for supply management?  Being from CA, hard to imagine a problem with too much water! 

 [J3]It is a problem from a water quality perspective. Higher flows mean more stormwater runoff and more pollutant load to surface waters. Higher flows also mean in-stream erosion which produces even more pollutant load. 

Wastewater Utility High-Priority Risks 

No. Predicted Changes High Priority Risks 

1 
Increased water  

temperature 

Lower DO/changes in temperature affect wastewater discharge 

allocation 

2 
Increased intensity of 

wind and rain events 

Damage to Infrastructure/infrastructure failure including power 

outage and flooding 

Increased CSO/SSO discharges 



ADAPTIVE MANAGEMENT APPROACH  

 

Vulnerability 
Assessment 

 

 

Prioritize   
Risks 

 

Evaluate 
Adaptation 
Strategies 

Adaptive 
Management 
Plan 

 

Implement 
and Monitor 

 

 

Iterative Approach: 

re-evaluate and adjust as new information becomes available 



Identification of Adaptation Strategies 
Predicted Changes 

Ranked based on 
LIKELIHOOD of 
occurrence 

Risks 

Ranked based on 
IMPACT on the region 

Adaptation Strategies 

Ranked based 
on TIMING and 
REGIONAL 
CONDITIONS 

• Types of Strategies: 

– Planning  

– Operational 

– Capital Improvement 

• Estimate relative costs:   $, $$, $$$ 

• No Regrets Strategies 

 



ADAPTIVE MANAGEMENT PLANNING 

Short Term 

2015 – 2025 

 

• Expand 

monitoring 

• Increase 

emergency 

preparedness  

• Source 

Management 

(Demand) 

• Regional 

collaboration & 

public 

education 

Mid-Range Term 

2026 – 2045 

  

• Regional Water Supply Plan 

• Groundwater Supply Study 

• Water reuse 

• Enhance reservoir capacity 

• Watershed Management 

Plan (Nutrient/ Pollutant 

Reduction) 

• Re-evaluate climatic 

conditions 

Long-Range Term 

2046 – 2090 

  

• Implement improvements from mid-range 

plans 

• Re-evaluate climatic conditions 

 

  



SUSTAINING SCIOTO: ADAPTATION STRATEGIES 

Recommended Adaptation Strategies for Protecting Water Quality 

Strategy No 
Regrets Cost 

Planning and Policy 

Develop Water Quality Monitoring Plan  $ 

Develop an Agricultural Nutrient Management Program  $ 

Implement public education on water quality, water supply & climate change impacts  $ 

Modify local ordinances to promote low impact development, stormwater harvesting/reuse  $ 

Develop Regional Watershed Management Plan to reduce nutrient runoff  $ 

Operational 

Implement increased fertilizer reduction programs, revegetation of riparian buffer zones, and 
other non-structural practices 

 $$ 

Capital Improvement 

Implement reservoir capital improvement projects   $$ 

Implement pollutant reduction projects (BMPs) to reduce pollutants of concern   $$$ 



SUSTAINING SCIOTO: ADAPTATION STRATEGIES 

Mitigating  Impact of Damage to Infrastructure / Failure Related to Increased Intensity of Rain 
and Wind Events 

Strategy 
No 

Regrets 
Cost 

Planning and Policy 

Evaluate increased wastewater and stormwater storage options for extreme events  $ 

Update Regional Emergency Preparedness and Response Plans for extreme weather  $ 

Evaluate wastewater system infrastructure vulnerabilities and needs  $$ 

Determine appropriate LOS during extreme weather events  $ 

Develop Emergency Power Plan including backup power supplies  $ 

Operational 

Establish SOPs for modified treatment plant operation during extreme events   $ 

Modify local ordinances to require LID, reduce impervious areas, and reuse rainwater  $ 

Implement backup power supplies at pump stations and treatment facilities   $$ 

Capital Improvement 

Rehabilitate or replace most vulnerable infrastructure   $$ 

Set aside land to support future flood-proofing needs (berms, dikes etc.)   $$$ 

Implement flood control strategies at the WWTP and protect vulnerable infrastructure   $$$ 

Increase capacity for wastewater and stormwater collection, treatment, and discharge   $$$ 



RESULTS: 

WHAT DOES THIS MEAN FOR CENTRAL OHIO? 

                    

• Increased air & water temperature 

• Degraded water quality 

• Increased potential for both floods & droughts 

• More extreme storm events 

 



CHALLENGES: 

                    

Challenges to Utilities & Region 

• Need for flexibility in operations and management 

– Planning for both drought and extreme floods 

• Regional issues may require regional collaboration 

 

 



CONCLUSIONS: 

Adaptive Management Plan for Central Ohio 

                    

• Prepare region with No-Regrets strategies 

• Short Term: 

– Regional Collaboration & Education  

– Source Resiliency  

– Watershed (WQ) Monitoring  

– Emergency Preparedness 
 

• Update plan over time 

 



CONCLUSION: 

WHAT CAN YOU DO? 

                    

• Consider impacts and adaptation strategies 
 

• Identify partners and collaborate 
 

• Develop a timeframe and benchmarks 
 

• Consider how this will impact your community 
 

 



QUESTIONS? 

Contact: 

David Rutter 

Watershed Coordinator 

MORPC 

T: 614.233.4186  

drutter@morpc.org 

www.morpc.org/sustainingscioto   

 

http://www.morpc.org/sustainingscioto
http://www.morpc.org/sustainingscioto

