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Safe Yield 

Step by Step 
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Massachusetts G.L. c. 21G,  

§ 2. Safe Yield Definition 

“the maximum dependable withdrawals that can be made 

continuously from a water source including ground or surface water 

during a period of years in which the probable driest period or 

period of greatest water deficiency is likely to occur; provided, 

however, that such dependability is relative and is a function of 

storage and drought probability.”  

Statement of  Clarification of  Safe Yield 

November 3, 2009 

Safe Yield interpretation includes environmental protection factors, including 

ecological health of  river systems, as well as hydrologic factors. 
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Safe Yield and Environmental Protection 

 

WMA Safe Yield = 

 55% of  Drought Basin Yield + Reservoir Storage 

 

Safe Yield Environmental 
Protection Factor (EPF) 

= 
 Remaining 45% of  Drought Basin Yield  

 

 

Streamflow Criteria  
+ 
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Basin Yield or Drought Year Flows 

 Each major basin analyzed using SYE (Sustainable Yield 

Estimator) unimpacted flows 

 SYE generated daily flows WY 1961-2004 

 Daily flows separated into monthly values (1961-2004) 

 Percentiles of low flows calc’d for each month (1961-2004) 

 An artificial Drought Year was developed using the 90th 

percentile flows from each month 

 The Drought Year flows were then compared to lowest 

drought year in record (generally 1965 or 1981) 
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SYE Run for Each Major Basin 
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= Recharge 

= Gage Data 

a 

b 
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SYE Unimpacted Flows WY 1961-2004 
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. . . 
  

FOR DISCUSSION PURPOSES ONLY – DO NOT CITE 



Daily Flows  Monthly 
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All April daily flows 

. . . 
  

. . . 
  

All April daily flows 

Ranked by Flow 
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Basin Yield 

Annualized Drought Volume 

Calculated from SYE Statistics 

using Monthly 90th percentile low flows 

Monthly values are time-weighted and “rolled up” into 

an average annual value * 

* =((Jan x 31 days) + (Feb x 28 days) + (Mar x 31 days) + (Apr x 30 days) + (May x 31 days) + (Jun x 30 days) 

+ (Jul x 31 days) + (Aug x 31 days) + (Sep x 30 days) + (Oct x 31 days) + (Nov x 30 days) + (Dec x 31 days) )/365 
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Monthly Q90 Rollup: 
A synthesized low-flow year. 

How does it compare to real years? 

What is the recurrence interval? 

We compared all the SYE Simulated Years 
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1965 Min Year 

1972 High Year 

90th Percentile 

Simulated Year is 

lower than or near 

1965 

Safe Yield = 55% of Q90 Simulated Year 
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Annualized Q90 Rollup: 
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A synthesized low-flow year. 

How does it compare to real years? 
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Most years there will be 

MUCH MORE water in the rivers 
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Safe Yield 

Reservoir Storage Volumes 
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Safe Yield Storage Volume 

 When storage is greater than Drought Year Inflow, Annual System 

Use, and Average Annual Inflow, maximum safe yield storage 

volume = average annual inflow rate to the reservoir 

 

 A lesser amount of “excess storage” for amounts of storage above 

Annual System Use plus Drought Year Inflow, but less than the 

Average annual inflow volume 

 

 For multiple reservoir systems within a single major basin that pump 

between reservoirs, the total volumes, inflows, and withdrawals can 

be analyzed together 
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Safe Yield Reservoir Storage Volumes 
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Auth. Annual Use 

Drought Year Inflow 

Year D-1 

Spring 

Normal Spring 

Reservoir overflowing 
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Safe Yield Reservoir Storage Volumes 
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Year D-1 

Spring 

Normal Spring 

Reservoir overflowing 

Auth Annual Use 

Drought Year Inflow 

Auth Annual Use 

Average Annual Inflow 

Reduced Inflow 

Reservoir does not refill 

Drought Year 

Spring 

DYI already counted in BY 

One-year drought 
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Safe Yield Reservoir Storage Volumes 
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Year D-1 

Spring 

Normal Spring 

Reservoir overflowing 

Auth. Annual Use 

Drought Year Inflow 

Auth Annual Use 

Average Annual Inflow 

Reduced Inflow 

Reservoir does not refill 

Option A: 

Reservoir Holds AAI 

AAI Volume in Safe Yield 

Drought Year 

Spring 

DYI already counted in BY 

Year D +1 Spring 

DYI already counted in BY 

Res Storage Vol = AAI 
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Safe Yield Reservoir Storage Volumes 
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Year D-1 

Spring 

Normal Spring 

Reservoir overflowing 

Auth. Annual Use 

Drought Year Inflow 

Auth. Annual Use 

Average Annual Inflow 

Reduced Inflow 

Reservoir does not refill 

Drought Year 

Spring 

DYI already counted in BY 

Year D +1 Spring 

DYI already counted in BY 

Res Storage Vol = AAI 

Option A: 

Reservoir Holds AAI 

AAI Volume in Safe Yield 

DYI already counted in BY 

Res Storage Vol = 

Excess Storage 

Option B: 

Reservoir Overflows 

Excess Storage in Safe Yield 

OR 
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Reservoir Storage Volume Methodology 

Appendix A 
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Screening 

Steps 1 and 2 

Analysis 

Steps 3 to 5 

Data Needs 
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Reservoir Storage Volume Data Needs 
USGS SIR 2006-5044 (Firm Yield) 
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Check Reservoir System Routing 

Analyze most downstream point(s) 

Consider potential for reservoirs to 

pump to/from each other 

FOR DISCUSSION PURPOSES ONLY – DO NOT CITE 



Inflow 

Reservoir Cross-Section 

Drought Year Inflow (SYE) 

1 Year system use = 

Authorized + Release 

Safe Yield Storage 

Safe Yield Reservoir Storage Volumes 

•Add storage volumes to basins with large amounts of storage: 

•Storage exceeds one year of drought year inflow  

 

•storage also exceeds one year of authorized water use.  

 

•The first year of inflow cannot be added to the Safe Yield, since it is already included in the 

SYE flow estimate for the basins. 
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Screening Steps 1 and 2 

 
Storage > Drought Year inflow? 

 

Storage > Annual System Use? 

 

No SY Storage Volume Continue Analysis 
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Inflow 

Reservoir Cross-Section 

Drought Year Inflow (SYE) 

1 Year system use = 

Authorized + Release 

Safe Yield Storage 

Safe Yield Reservoir Storage Volumes 

•Add storage volumes to basins with large amounts of storage: 

•Storage exceeds one year of drought year inflow  

 

•storage also exceeds one year of authorized water use.  

 

•The first year of inflow cannot be added to the Safe Yield, since it is already included in the 

SYE flow estimate for the basins. 
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Analysis 

Step 3 

 
Storage> DYI + Annual Use? 

 

 

No SY Storage Volume Continue Analysis 
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Reservoir Cross-Section 

Safe Yield Reservoir Storage Volumes 
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Analysis 

Step 4 

 
Storage> DYI + 

Annual Use + Ave 

Ann Inflow? 

 

 

Excess 

SY Storage Volume 

AAI 

SY Storage Volume 

Drought Year 

Spring 

DYI already counted in BY 

Option A: 

Reservoir Holds AAI 

AAI Volume in Safe Yield 

Option B: 

Reservoir Overflows 

Excess Storage in Safe Yield 
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