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Natural VariabilityNatural Variability



Middleton Pond, Middleton Pond, 
MassachusettsMassachusetts

Wenham Lake Wenham Lake 
MassachusettsMassachusetts

Natural variations in Natural variations in 
precipitation can result in precipitation can result in 
problems for  water suppliesproblems for  water supplies

Project ContextProject Context







WEAP in PlanningWEAP in Planning

Provides a common framework and a Provides a common framework and a 
transparent set of data that can be explored by transparent set of data that can be explored by 
all stakeholders and decisionall stakeholders and decision--makersmakers
Scenarios can be easily developed to explore Scenarios can be easily developed to explore 
options for the futureoptions for the future
Implications of various policies can be evaluatedImplications of various policies can be evaluated



Balancing Supply and DemandsBalancing Supply and Demands



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Flow Policies:Flow Policies: Drought Management Drought Management 
Policies:Policies:



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Flow Policies:Flow Policies:
1.1. Fixed minimumFixed minimum •• 0.10 0.10 cfsmcfsm

•• 0.25 0.25 cfsmcfsm

•• 0.50 0.50 cfsmcfsm

•• 0.75 0.75 cfsmcfsm



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Flow Policies:Flow Policies:
1.1. Fixed minimumFixed minimum
2.2. Fraction of inflowFraction of inflow

•• 20 percent of inflow20 percent of inflow

•• 40 percent of inflow40 percent of inflow

•• 60 percent of inflow60 percent of inflow

•• 80 percent of inflow80 percent of inflow



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Flow Policies:Flow Policies:
1.1. Fixed minimumFixed minimum
2.2. Fraction of inflowFraction of inflow
3.3. Adaptive based Adaptive based 

on reservoir levelson reservoir levels
50 %50 %

0.50 0.50 cfsmcfsm

60 60 –– 100% 100% 
StorageStorage

30 %30 %10 %10 %Fraction Fraction 
of Inflowof Inflow

0.25 0.25 cfsmcfsm0.10 0.10 cfsmcfsmFixed Fixed 
MinimumMinimum

30 30 –– 60% 60% 
StorageStorage

0 0 –– 30% 30% 
StorageStorage

ScenarioScenario



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Flow Policies:Flow Policies:
1.1. Fixed minimumFixed minimum
2.2. Fraction of inflowFraction of inflow
3.3. Adaptive based on Adaptive based on 

reservoir levelsreservoir levels
4.4. Flow componentsFlow components

•• add back some add back some 
high flowshigh flows

0.50 0.50 Seasonal Q10Seasonal Q10Scenario 3Scenario 3

1.00 Spring1.00 Spring
0.25 Summer0.25 Summer
0.50 Fall/Winter0.50 Fall/Winter

Seasonal Q10Seasonal Q10Scenario 4Scenario 4

0.250.25Seasonal Q10Seasonal Q10Scenario 2Scenario 2

0.100.10Seasonal Q10Seasonal Q10Scenario 1Scenario 1

Minimum FlowMinimum Flow
((cfsmcfsm))

High PulseHigh Pulse



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Drought Management Drought Management 
Policies:Policies:

1.1. Reduce peak Reduce peak 
demandsdemands



Incorporating Environmental Incorporating Environmental 
Flow Requirements into Water Flow Requirements into Water 

Supply ManagementSupply Management

Drought Management Drought Management 
Policies:Policies:

1.1. Reduce peak Reduce peak 
demandsdemands

2.2. Reduce total Reduce total 
demandsdemands



Quantifying TradeQuantifying Trade--offs offs 
and Key Variablesand Key Variables

1.1. The relationship between water supply The relationship between water supply 
yield, reservoir size and flow requirements;yield, reservoir size and flow requirements;

2.2. Drought management increases overall yieldDrought management increases overall yield
3.3. Same yield can result in different flows;Same yield can result in different flows;

4.4. Measuring tradeMeasuring trade--offs between policy objectivesoffs between policy objectives



Safe YieldSafe Yield
without Drought Managementwithout Drought Management

Fixed Minimum Fraction of Inflow

Flow ComponentsAdaptive Releases



Quantifying TradeQuantifying Trade--offs offs 
and Key Variablesand Key Variables

1.1. The relationship between water supply yield, The relationship between water supply yield, 
reservoir size and flow requirements;reservoir size and flow requirements;

2.2. Drought management increases overall Drought management increases overall 
yieldyield

3.3. Same yield can result in different flows;Same yield can result in different flows;

4.4. Measuring tradeMeasuring trade--offs between policy objectivesoffs between policy objectives



Change with Drought ManagementChange with Drought Management
Storage Fraction = 1.0Storage Fraction = 1.0

Adaptive Releases

Fraction of Inflow

Flow Components

Fixed Minimum



Quantifying TradeQuantifying Trade--offs offs 
and Key Variablesand Key Variables

1.1. The relationship between water supply yield, The relationship between water supply yield, 
reservoir size and flow requirements;reservoir size and flow requirements;

2.2. Drought management increases overall yieldDrought management increases overall yield
3.3. Same yield can result in different flows;Same yield can result in different flows;

4.4. Measuring tradeMeasuring trade--offs between policy objectivesoffs between policy objectives



Safe YieldsSafe Yields
Storage Fraction 1.0Storage Fraction 1.0

0.940.710.650.65Adaptive Fixed MinimumAdaptive Fixed Minimum
0.610.610.610.610.57Adaptive Fraction of InflowAdaptive Fraction of Inflow
0.670.540.50Flow Components : scenario 4

0.720.570.53Flow Components : scenario 3

0.830.660.620.62Flow Component : scenario2Flow Component : scenario2
0.920.730.68Flow Components : scenario 1

0.200.200.19Fraction of Inflow : 80%

0.460.400.38Fraction of Inflow : 60%

0.730.550.53Fraction of Inflow : 40%

0.900.700.650.65Fraction of Inflow : 20%Fraction of Inflow : 20%
0.690.530.50Fixed Minimum : 0.75 cfsm

0.780.610.610.57Fixed Minimum : 0.50 Fixed Minimum : 0.50 cfsmcfsm
0.890.700.66Fixed Minimum : 0.25 cfsm

0.980.770.72Fixed Minimum : 0.10 cfsm

1.060.820.77No Flow Requirement

Reduce TotalReduce PeakNo Drought 
Management

Scenario



Streamflow Reservoir Storage

Impact of Policies on Flow and StorageImpact of Policies on Flow and Storage
StorageStorage Fraction = 1 & Yield Fraction = 0.61Fraction = 1 & Yield Fraction = 0.61



Reservoir StorageStreamflow

Impact of Policies on Flow and StorageImpact of Policies on Flow and Storage
StorageStorage Fraction = 1 & Yield Fraction = 0.61Fraction = 1 & Yield Fraction = 0.61



Streamflow Reservoir Storage

Impact of Policies on Flow and StorageImpact of Policies on Flow and Storage
StorageStorage Fraction = 1 & Yield Fraction = 0.61Fraction = 1 & Yield Fraction = 0.61



Streamflow Reservoir Storage

Impact of Policies on Flow and StorageImpact of Policies on Flow and Storage
StorageStorage Fraction = 1 & Yield Fraction = 0.61Fraction = 1 & Yield Fraction = 0.61



Reservoir StorageStreamflow

Impact of Policies on Flow and StorageImpact of Policies on Flow and Storage
StorageStorage Fraction = 1 & Yield Fraction = 0.61Fraction = 1 & Yield Fraction = 0.61



Reservoir StorageStreamflow

Impact of Policies on Flow and StorageImpact of Policies on Flow and Storage
StorageStorage Fraction = 1 & Yield Fraction = 0.61Fraction = 1 & Yield Fraction = 0.61



Quantifying TradeQuantifying Trade--offs offs 
and Key Variablesand Key Variables

1.1. The relationship between water supply yield, The relationship between water supply yield, 
reservoir size and flow requirements;reservoir size and flow requirements;

2.2. Drought management increases overall yieldDrought management increases overall yield
3.3. Same yield can result in different flows;Same yield can result in different flows;

4.4. Measuring tradeMeasuring trade--offs between policy offs between policy 
objectivesobjectives



Indicators of Hydrologic AlterationIndicators of Hydrologic Alteration



The ‘The ‘EcodeficitEcodeficit’’

Ecodeficit
Unregulated
Regulated



The ‘The ‘EcodeficitEcodeficit’’



Thank YouThank You



Safe YieldSafe Yield
No Drought ManagementNo Drought Management

Fixed Minimum Fraction of Inflow

Flow ComponentsAdaptive Releases



Safe YieldSafe Yield
Reduce Peak DemandsReduce Peak Demands

Flow Components

Fraction of InflowFixed Minimum

Adaptive Releases



Safe YieldSafe Yield
Reduce Total DemandsReduce Total Demands

Fixed Minimum Fraction of Inflow

Adaptive Releases Flow Components


