


Sustainable Harvest Calculation: 
Objective Function & Discount Rates

2/3/2026, Board of Natural Resources

OutlineUpcoming Decisions

• Objective Function

• Specification Decisions

Revenue

Costs

Discount Rate

GOAL
• Enable the best decision making

• Inform your decision making

• Equip you with knowledge

Decision Context

Framework / Evaluation

Objective Function

Revenue

Cost

Discount Rate
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Sustainable Harvest Calculation

s.t. Laws & Regulation

Constraints

x = management action

Choose x 
(management actions)

  

Choose Objective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)

𝐎
𝐛

𝐣𝐞
𝐜𝐭

𝐢𝐯
𝐞

(𝐱
)

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize

Solve!

X = 

3
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𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize Objective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)

▪ Operating Environment - PSF

Page 5

Q: What should the SHC optimize?
A: Economic Value

Page 29

Q: How do we determine economic value?
A: Analysis of financial characteristics
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Q: What financial analysis should  be done?
A: NPV (maybe IRR or C-B Ratio)
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Choose x 
(management actions)

  

Choose

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize

s.t. Laws & Regulation

ConstraintsObjective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)

Economic Value(x) Q: What should the SHC optimize?
A: Economic Value

Financial Analysis(x)
Q: How do we determine economic value?
A: Analysis of financial characteristics

Net Present Value(x) Q: What financial analysis should  be done?
A: NPV (maybe IRR or C-B Ratio)

5
Subject to Changes and Amendments Over Time



Sustainable Harvest Calculation: 
Objective Function & Discount Rates

2/3/2026, Board of Natural Resources

Choose x 
(management actions)

  

Choose

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize

s.t. Laws & Regulation

ConstraintsObjective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)Financial Analysis(x)Economic Value(x)Net Present Value(x)

Q: What is Net Present Value?
A: σ𝒕

𝑹𝒆𝒗𝒆𝒏𝒖𝒆𝒕−𝑪𝒐𝒔𝒕𝒕

𝟏+𝒓 𝒕
r = discount rate
t = year 
 

 Standard

Q: What is Benefit-Cost Ratio?

A: 
σ𝒕

𝑹𝒆𝒗𝒆𝒏𝒖𝒆𝒕
𝟏+𝒓 𝒕

σ𝒕
𝑪𝒐𝒔𝒕𝒕
𝟏+𝒓 𝒕

 Ratio instead of difference

Q: What is Internal Rate of Return
A: Choose

𝒓
σ𝒕

𝑹𝒆𝒗𝒆𝒏𝒖𝒆𝒕−𝑪𝒐𝒔𝒕𝒕

𝟏+𝒓 𝒕 = 𝟎
 Not defined for DNR

Can’t calculate if always cash-
flow positive

6
Subject to Changes and Amendments Over Time



Sustainable Harvest Calculation: 
Objective Function & Discount Rates

2/3/2026, Board of Natural Resources

Q: What is Net Present Value?
A: σ𝒕

𝑹𝒆𝒗𝒆𝒏𝒖𝒆𝒕−𝑪𝒐𝒔𝒕𝒕

𝟏+𝒓 𝒕

Choose x 
(management actions)

  

Choose

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize

s.t. Laws & Regulation

ConstraintsObjective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)Net Present Value(x)
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𝑹𝒆𝒗𝒆𝒏𝒖𝒆

𝑹𝒆𝒗𝒆𝒏𝒖𝒆 = 𝑷𝒓𝒊𝒄𝒆 ∗ 𝑽𝒐𝒍𝒖𝒎𝒆

Parameter Biophysical Model Output

Price should be:

• By Species
• Real market prices

Douglas Fir Ponderosa Pine
Appraisal Price $250 $100
Volume 1 1

𝐴𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙 = $250 𝑥 1 + $100 𝑥 1 = $350

Douglas Fir Ponderosa Pine
Auction Price ??? ???
Volume 1 1

𝐴𝑢𝑐𝑡𝑖𝑜𝑛 = $370

Douglas Fir Ponderosa Pine
Auction Price $260 $110
Volume 1 1
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Q: What is Net Present Value?
A: σ𝒕

𝑹𝒆𝒗𝒆𝒏𝒖𝒆𝒕−𝑪𝒐𝒔𝒕𝒕

𝟏+𝒓 𝒕

Choose x 
(management actions)

  

Choose

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize

s.t. Laws & Regulation

ConstraintsObjective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)Net Present Value(x)
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𝑪𝒐𝒔𝒕

𝑪𝒐𝒔𝒕 =

Actual Management Costs

The actual accounting costs incurred by DNR to manage trust assets.

Trust Costs

The percent of revenue deposited into the cost accounts 

• A trust manager is not obligated to incur financial losses in order 

to increase revenue for trust beneficiaries. Doing so is going 

beyond the trust mandate and is not required.

• It is not prudent to incur financial losses. Carrying out activities 

where the actual costs of carrying out the action are greater than 

the revenues generated from the action would not be prudent 

management.
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𝑪𝒐𝒔𝒕 Fixed Cost – Shifts Objective Function Down

Doesn’t change the solution

Solve!

x = management action

𝐎
𝐛

𝐣𝐞
𝐜𝐭

𝐢𝐯
𝐞

(𝐱
)

X = 
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Sustainable Harvest Calculation: 
Objective Function & Discount Rates
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Recommendation ▪ Continue to maximize NPV as the objective 

for the SHC

▪ NPV Specification

▪Use Adjusted Appraisal Prices as the SHC prices

▪ Cost

▪ Use Actual Management Costs

▪ Fixed costs are not required to calculate optimal volumes
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Choose x 
(management actions)

  

Choose

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒

Optimize Objective FunctionObjective Function

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒(𝑥)Net Present Value(x)

Q: What is Net Present Value?
A: σ𝒕

𝑹𝒆𝒗𝒆𝒏𝒖𝒆𝒕−𝑪𝒐𝒔𝒕𝒕

𝟏+𝒓 𝒕

s.t. Laws & Regulation

Constraints
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What should the discount rate be?

What is discounting?

What discount rates are used elsewhere?

Conclusion 

Destination Brief

• Policy & Data Supported Range

• Sensitivity Analysis

"Every graduate student should spend a fair amount 
of time immersed in the discount rate literature, if for 
no other reason than to feel decidedly uncomfortable 
the rest of their professional career when using any 
particular discount rate" - R.G Cummings

Discount Rate
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Tradeoff over time Marshmallow Experiment

Now

OR

+15 Min
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Tradeoff over time Harvest Calculation

Now

$1 Million

OR

+10 Years

$1.35 Million
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What is discounting?

Discount 
Rate (r)

PV Now PV +10 Yrs Optimal

2.0% $1,000,000 $1,107,000 Wait 10
2.5% $1,000,000 $1,1055,000 Wait 10
3.0% $1,000,000 $1,000,000 Tie
3.5% $1,000,000 $957,000 Harvest Now
4.0% $1,000,000 $912,000 Harvest Now

Harvest Calculation

Now

$1 Million

?
>
<

Present
Value

+10 Years

$1.35 Million

𝑷𝒓𝒆𝒔𝒆𝒏𝒕 𝑽𝒂𝒍𝒖𝒆 ∗ 1 + 𝒓 𝟏𝟎 = 𝑭𝒖𝒕𝒖𝒓𝒆 𝑽𝒂𝒍𝒖𝒆

𝑷𝒓𝒆𝒔𝒆𝒏𝒕 𝑽𝒂𝒍𝒖𝒆 =
𝑭𝒖𝒕𝒖𝒓𝒆 𝑽𝒂𝒍𝒖𝒆

1 + 𝒓 𝟏𝟎

Convert future value into present value
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Relative Rates Harvest Calculation

Now

$0

+10 Year

$1.48 million

Return Rate
r = 4%

Now

$1.11 million

+10 Year

$0

Borrowing Rate
r = 2%

Discount Rate depends
• Are we borrowing from the future?
• Are we saving for the future?

Now

$1 Million

OR

+10 Years

$1.35 Million
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What should the discount rate be?

What is relevant for the SHC?
• Borrowing Rate

• Is there “borrowing”?
• Relevance unclear

• Return Rate
• Can there be “investing”?
• Relevance unclear

• Performance of asset 
• Return rate on EWA forests
• ~ forest growth rate
• Relevant

2025 
Beneficiary

2075 
Beneficiary

VS
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What should the discount rate be?
Real Rates

Performance 
of asset

Forest Growth Rate 1.7%
EWA Forest Rate of Return 2.7%

Borrowing 
Rate

Municipal Bond Index
2.6%

(nominal)

WA State Treasury Bonds
1.9% 

(4.45 nominal)
Rate of 
Return

NCREIF (timberlands) 3%
Permanent Funds 3.4%

Rates Used 
by Peers

Oregon Dept. of Forestry 3% - 4%
Idaho Dept. of Lands 3.4%

WA DNR 3% (past)
WA State Inst. Public Policy 2-5%
US OMB (intergenerational) 1%-3%

• Policy Data supported range
• 1% - 2.7% (Eastern WA)

• Choice within the range
• Err lower

• Growth is ~ 1.7%
• Intergenerational

• Sensitivity analysis
• See how r impacts outcomes 

over time
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Sensitivity Analysis
• Board should see the impact

• Discount rate is a blunt instrument
• It impacts harvest volumes over time Example of what Sensitivity Analysis Could look like
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Decades
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DNR staff will give this presentation to the Board of Natural Resources at the Feb. 3, 2026 meeting. 
The meeting with begin at 9:00 am PDT. The recording will be posted on the Board of Natural 
Resources Webpage. 

https://dnr.wa.gov/dnr-boards-and-commissions/board-natural-resources
https://dnr.wa.gov/dnr-boards-and-commissions/board-natural-resources
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