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Preface 

This study was based on the fundamental premise that the future climate conditions in North Georgia 

are uncertain, and cannot be forecast with specificity. From this premise arose three questions:  (1) 

What is the range of plausible climate conditions for the next fifty years, (2) What aspects of water and 

associated infrastructure are most vulnerable to this uncertainty, and (3) How can North Georgia 

effectively plan to address and mitigate these risks?   

To address these questions, plausible future climate scenarios were defined based on the current state 

of climate science, and were intended to effectively bracket the possible range of temperature and 

precipitation variations over the next fifty years. These scenarios were informed by the collection of 

Global Circulation Models (GCMs) commonly employed, but did not rely specifically on any one 

projection. Each scenario was considered equally plausible, and the study was not in any way aimed at 

predicting which future climate trends are most likely. Rather, simulation tests were conducted to 

determine if any or all potential trends could create new risks for water supply, water demand, water 

quality, flood potential, and nonpoint source pollution levels. On a relative basis, then, the potential 

risks were compared to help characterize their significance and help the District prioritize future 

planning efforts or more detailed studies. 

Once these vulnerabilities were understood, the facilities and infrastructure used to manage water 

throughout the District were evaluated to better understand their vulnerability to changes in water 

quality and quantity. Many water resources and facilities exhibited risks regardless of the future 

climate trends, suggesting that preemptive measures would be broadly, and almost certainly, 

beneficial in planning. Other aspects of the water environment exhibited risks only for specific future 

trends, and as such, measures are recommended on an adaptive basis, to be implemented in response 

to specific climate trends as (and if) they may develop. 

  





















































































































http://water.epa.gov/infrastructure/watersecurity/climate/creat.cfm
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_LONGERREPORT.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_LONGERREPORT.pdf
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http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_LONGERREPORT.pdf


























































































http://www.water.ca.gov/climatechange/CCHandbook.cfm
http://www.cnt.org/sites/default/files/publications/CNT_Value-of-Green-Infrastructure.pdf
http://epa.gov/owow/ocpd/green_infrastructure_roadshow.pdf
http://nca2014.globalchange.gov/report/regions/southeast
http://salem.com/Pages/SalemMA_DPCD/SalemClimateChangePlan_Online.pdf


http://www.northgeorgiawater.org/stormwater/stormwater-pollution-and-impaired-waters


http://corpsclimate.us/docs/rccvarreports/USACE_REGION_03_Climate_Change_Report_CWTS-2015-03_Low.pdf
http://corpsclimate.us/docs/rccvarreports/USACE_REGION_03_Climate_Change_Report_CWTS-2015-03_Low.pdf
http://water.epa.gov/infrastructure/watersecurity/climate/creat.cfm
http://water.usgs.gov/osw/streamstats/
http://nca2014.globalchange.gov/report/our-changing-climate/future-climate-change











































































	MNGWPD_Utility Climate Resiliency Study_COV_V07
	MNGWPD_Full DRAFT V11_clean
	Acknowledgements i
	Preface  iii
	Section 1   Introduction and Objectives 1-1
	1.1 Project Objectives 1-1
	1.2 Report Outline 1-2

	Section 2   Future Climate Scenarios 2-1
	2.1 Global Climate Models 2-1
	2.2 Historical Trend Analysis 2-6
	2.3 Additional Analysis 2-8
	2.3.1 Paleo-Climate Analysis 2-8
	2.3.2 Palmer Drought Index Analysis 2-9
	2.3.3 General Understanding of Future Drought and Flood Frequency 2-10


	Section 3   Climate Vulnerability Methodology 3-1
	3.1 Water Demand Impacts Methodology 3-1
	3.1.1 Data Used 3-1
	3.1.2 Statistical Regression Model and Validation 3-4

	3.2 Water Supply Impacts Methodology 3-5
	3.2.1 Purpose 3-6
	3.2.2 Selected Reservoirs 3-6
	3.2.3 Baseline Climate Data 3-7
	3.2.4 Streamflow Estimation 3-8
	3.2.5 Model Development 3-11
	3.2.6 Climate Adjusted Hydrology 3-14
	3.2.6.1 Climate Regression Models for Potential Future Streamflow 3-14
	3.2.6.2 Climate Regression Model for Potential Future Evaporation 3-18


	3.3 Water Quality Impacts 3-20
	3.3.1 Empirical Hydrologic Regression Models 3-21
	3.3.2 QUAL2K Water Quality Models 3-23
	3.3.3 Georgia Dosag Water Quality Models 3-23

	3.4 Watershed Impacts Methodology 3-24
	3.4.1 Potential Watershed Impacts 3-24
	3.4.2 Storm Frequency and Intensity 3-25
	3.4.3 Peak Streamflow Analysis 3-26
	3.4.4 Pollutant Loading 3-29

	3.5 Infrastructure Considerations 3-32

	Section 4   Climate Vulnerability Analysis 4-1
	4.1 Potential Impact to Water Demand 4-1
	4.1.1 Explaining Water Use 4-1
	4.1.2 Future Climate Vulnerability on Water Demands 4-2

	4.2 Potential Impact to Water Supply 4-3
	4.2.1 Review of Objectives 4-3
	4.2.2 Validation of Historic Yield Estimates 4-4
	4.2.3 Comparative Impacts of Climate Scenarios 4-5

	4.3 Potential Impacts to Water Quality 4-10
	4.3.1 Review of Objectives 4-10
	4.3.2 Results and Discussion 4-10

	4.4 Potential Impacts to Watershed Planning Issues 4-15
	4.4.1 Storm Frequency and Intensity 4-16
	4.4.1.1 Objectives 4-16
	4.4.1.2 Comparative Impacts of Climate Scenarios 4-16

	4.4.2 Peak Streamflow Analysis 4-19
	4.4.2.1 Objectives 4-19
	4.4.2.2 Comparative Impacts of Climate Scenarios 4-19

	4.4.3 Watershed Loading Analysis 4-20
	4.4.3.1 Objectives 4-20
	4.4.3.2 Comparative Impacts of Climate Scenarios 4-22


	4.5 Potential Risks to Water Resource Infrastructure 4-24
	4.5.1 Definition of Matrix Terms 4-24
	4.5.2 Wastewater Treatment Plants 4-25
	4.5.3 Water Treatment Plants 4-26
	4.5.4 Stormwater Conveyance Systems 4-27
	4.5.5 Wastewater Collection Systems 4-27
	4.5.6 Dams and Levees 4-28

	4.6 Summary Impacts 4-35
	4.6.1 Conclusions on Water Demand 4-35
	4.6.2 Conclusions on Water Supply 4-35
	4.6.3 Conclusions on Water Quality 4-36
	4.6.4 Conclusions on Watershed Impacts 4-36
	4.6.4.1 Conclusions on Storm Frequency and Intensity 4-36
	4.6.4.2 Conclusions on Peak Streamflow 4-36
	4.6.4.3 Conclusions on Pollutant Loading 4-37

	4.6.5 Conclusions on Water Resource Infrastructure 4-37


	Section 5   Adaptation Strategies 5-1
	5.1 Objectives of Adaptation Strategies 5-1
	5.2 Summary of Risks 5-1
	5.2.1   Review of Most Significant Risks by Water Resource Impact 5-2
	5.2.2   Climate Conditions that Create the Broadest Risks to Water and Wastewater Infrastructure 5-2
	5.2.3   Risks Resulting from Any Climate Condition 5-3
	5.2.4   Conclusions on Risks Related to Climate Conditions 5-5

	5.3 Relevant Adaptation Strategies 5-5
	5.3.1 Literature Review 5-5
	5.3.2 Review of District 2009 Plans 5-6
	5.3.3 Adaptation Strategies for the Greatest Infrastructure Risks 5-6
	5.3.4 Multi-Benefit Strategies 5-15
	5.3.5 Preemptive versus Trigger Based Strategies 5-15

	5.4 Relevance to the Case Study Basins 5-17
	5.4.1 Reservoir Yield Basins 5-17
	5.4.2 Water Quality, Flooding, and Pollution Loads 5-18

	5.5 Recommendations 5-19

	Section 6   Recommendations for Future Work 6-1
	Section 7   References 6-1
	7.1 Sources for Additional Information 6-1
	Climate Tracking 6-1
	Drought Management 6-1
	Green Infrastructure 6-1

	7.2 Report Citations 6-1
	Figure 2.1.1 Representative Climate Model Projection Grid Cells 2-2
	Figure 2.1.2 Annual Anomalies (2050 vs. historical) of GCM Temperature and Precipitation Projections, with Designated Scenario Ensembles (each symbol represents a different climate model projection set) 2-3
	Figure 2.1.3 Average Monthly Precipitation per Climate Scenario 2-5
	Figure 2.1.4 Average Monthly Temperature per Climate Scenario 2-6
	Figure 2.3.1 Metro Water District Paleo Data Summary 2-9
	Figure 2.3.2 Potential Changes in Palmer Drought Severity Index from Future Climate Scenarios 2-10
	Figure 2.3.3 Summary of Observed and Projected Climate Trends and Literary Consensus (USACE, 2015) 2-11
	Figure 3.1.1 Annual Precipitation 3-3
	Figure 3.1.2 Statistical Water Demand Model Verification 3-5
	Figure 3.2.1 Reservoir Drainage Basins 3-7
	Figure 3.2.2 Extent of Nearby Evaporation Records 3-8
	Figure 3.2.3 Dog River Regression Models for Extending Historic Inflow into the Dog River Reservoir 3-9
	Figure 3.2.4 Brushy Fork Creek Regression Models for Extending Historic Inflow into Randy Poynter Reservoir 3-10
	Figure 3.2.5 Big Haynes Creek Regression Models for Extending Historic Inflow into Randy Poynter Reservoir 3-10
	Figure 3.2.6 Synthesized Long Term Historic Inflow for the Five Reservoirs 3-11
	Figure 3.2.7 Example Reservoir Model Mass Balance Input and Calculation Worksheet 3-12
	Figure 3.2.8 Example Reservoir Model Output 3-12
	Figure 3.2.9 Correlation Between Monthly Precipitation, Temperature, and Streamflow (Dog River*) 3-15
	Figure 3.2.10 Multivariate Climate Regression Models for the Five Reservoirs* 3-17
	Figure 3.2.11 Correlation Between Temperature and Measured Lake Evaporation 3-18
	Figure 3.2.12 Regression Model for Evaporation as a Function of Temperature 3-19
	Figure 3.3.1 Water Quality Case Study Reach and Drainage Basin Locations 3-20
	Figure 3.3.2 Land Cover of Water Quality Study Reaches 3-21
	Figure 3.4.1 USGS Gages and Contributing Watersheds Used for Peak Streamflow Impact Analysis 3-27
	Figure 3.4.2 Peak Streamflow Regression Models Showing Frequency Distribution of Gaged and Calculated Streamflow 3-29
	Figure 3.4.3 Land Use Map of Yellow and Flint River Watersheds 3-30
	Figure 4.1.1 Statistically Explaining Water Use in Metro Water District Using Demand Model 4-1
	Figure 4.1.2 Comparing Monthly Weather and Future Climate Scenarios 4-2
	Figure 4.1.3 Potential Impacts on Water Demand from Climate Scenarios in 2050 4-3
	Figure 4.2.1 Comparison of Simulated Yield with Previously Published Values* 4-5
	Figure 4.2.2 Firm Yield Sensitivity to Future Climate Scenarios 4-6
	Figure 4.2.3 Relative Changes in Firm Yield Associated with Climate Scenarios 4-7
	Figure 4.2.4 Potential Changes in 95% Reliable Yield Associated with Climate Scenarios 4-8
	Figure 4.2.5 Correlation Between Yield Changes and Average Flow 4-9
	Figure 4.2.6 Correlation Between Yield Changes and Ratio of Drainage Area to Storage 4-9
	Figure 4.3.1 Projected Changes in River Flow (7Q10) 4-11
	Figure 4.3.2 Projected Changes in River Water Temperature 4-12
	Figure 4.3.3 Projected Changes in River Dissolved Oxygen 4-13
	Figure 4.4.1 Projected 2050 Storm Depths for Various Recurrence Intervals and Durations 4-17
	Figure 4.4.2 Projected Change in ARI Depths from Historic Observations to 2050 4-18
	Figure 4.4.3 Estimated Change in Peak Streamflows for Various Intensity and Duration Storms Due to Climate Variability 4-19
	Figure 4.4.4 Relative Change in Watershed Pollutant Loading Due to Climate Variability 4-23
	Table 2.2.1 Mann-Kendall Trend Analysis for Metro Water District Historical Climate Data 2-7
	Table 3.2.1 Selected Reservoirs and Key Features 3-6
	Table 3.2.2 Downstream Flow Requirements 3-13
	Table 3.2.3 Usable Storage Volume 3-13
	Table 3.2.4 Dog River Reservoir Monthly Demand Factors 3-14
	Table 3.2.5 Calibrated Multivariate Regression Parameters for Streamflow* 3-16
	Table 3.3.1 Water Quality Study Watershed Characteristics 3-20
	Table 3.3.2 Water Quality Study Streamflow Gages 3-22
	Table 3.3.3 Results from Hydrologic Regression Analysis 3-22
	 since 1948 3-26
	Table 3.4.2 USGS Streamflow Gages Used for Peak Streamflow Impacts Analysis 3-27
	Table 3.4.3 Watershed Land Use for Pollutant Loading Comparison 3-30
	Table 3.4.4 Watershed Loading Model Impervious Fractions and Event Mean Concentrations 3-31
	Table 3.4.5 Land Use Consolidation 3-31
	Table 3.4.6 Monthly Average Precipitation for Baseline and Climate Variability  Watershed Loading Scenarios 3-32
	Table 3.5.1 Example Vulnerability Matrix 3-34
	Table 4.4.1 Projected 2050 Storm Depths for Various Recurrence Intervals and Durations 4-17
	Table 4.4.2 Baseline Watershed Pollutant Loading 4-21
	Table 4.4.3 Relative Change in Watershed Pollutant Loading Due to Climate Variability 4-22
	Table 4.5.1 Wastewater Treatment Plant Vulnerability Matrix 4-29
	Table 4.5.2 Water Treatment Plant Vulnerability Matrix 4-30
	Table 4.5.3 Stormwater Conveyance System Vulnerability Matrix 4-31
	Table 4.5.4 Wastewater Collection System Vulnerability Matrix 4-32
	Table 4.5.5 Dam and Levee Vulnerability Matrix 4-33
	Table 4.6.1 High Sensitivity, Low Adaptive Capacity Infrastructure Types 4-37
	Table 5.2.1 Summary of Water Resource Impact by Climate Scenario 5-2
	Table 5.2.2 Summary of Risk by Infrastructure Type and Climate Scenario 5-3
	Table 5.3.1 Adaptation Strategies for Increase in Storm Depths for Wastewater Treatment Plants 5-7
	Table 5.3.2 Adaptation Strategies for Increase in Nonpoint Source Pollutant Loads for Wastewater Treatment Plants 5-8
	Table 5.3.3 Adaptation Strategies for Increase in Water Demand on Water Treatment Plants 5-9
	Table 5.3.4 Adaptation Strategies for Increase in Storm Depths for Stormwater Conveyance Systems 5-10
	Table 5.3.5 Adaptation Strategies for Increase in Storm Depths for Wastewater Conveyance Systems 5-11
	Table 5.3.6 Adaptation Strategies for Increase in Storm Depths for Dams and Levees 5-12
	Table 5.3.7 Adaptation Strategies for Increased Drought for Water Treatment Plants 5-13
	Table 5.3.9 Recommended Preemptive Climate Adaptation Measures 5-16



	MNGWPD_ES_Final
	Appendix A_English_reformat
	Appendix B_English_reformat
	Appendix C
	Appendix D

