
SM 2. Description of Costs 

We computed the life cycle cost of an agricultural RWH system by estimating initial 

investment, as well as the present value of future costs of components incurred during the service 

life	  (Table S1). All initial investment costs occurring in the base date (Year 2014) were not 

discounted since they were in present value. Future costs of component replacements occurring 

at the end of service, one-time, and at non-annual intervals were discounted from the end of 

service life to calculate present value. Residual values of the capital investments were estimated 

using straight-line depreciation. For annually recurring costs such as operation and maintenance, 

we considered real discounting rate addressing the time value of money. Below, we describe the 

computation procedures of life cycle costs (summarized in Table S1) consistent with engineering 

economics (Revelle et al. 2004) and life cycle cost analysis guidelines of the National Institute of 

Standards and Technology (Fuller and Petersen 1996). We describe initial capital investments 

costs (e.g., costs of sediment chamber (pond), pipe, pivot center, and valves); replacement costs 

(e.g., pivot center replacement at the end of 20 and 40 years); residual value; and costs that recur 

annually such as operation and maintenance (O&M) and sediment dredging and disposal.  

 

Initial Capital Investment Costs 

Sediment Chamber (Pond) Cost 

The cost of a sediment chamber (pond) is calculated based on cost per unit volume, Vp 

($3.8/m3) of a pond, as suggested by the	  Virginia FY14	  Environmental Quality Incentive 

Program (EQIP) Payment Schedule (USDA 2014) (Equation S1). 

Cpond = 3.8 x Vp     [S1] 

 



Polyethylene Tank Cost 

The cost of polyethylene tank (Ctank) ($) is based on tank volume, Vt (m3), as provided by 

the State of Michigan (SOM 2003): 

Ctank = 297.64 x Vt+161.68    [S2] 

 

Pivot Center Cost 

The cost of a typical pivot center, Cpivot ($/ha), is derived from cost per unit of irrigated 

farm area, a (Bliesner and Spare 2001): 

Cpivot =	  8215.1 x a-0.565   [S3] 

 

Replacement Cost 

Replacement costs are one-time costs at non-annual intervals. Replacement occurred at 

the end of service life of a component: pivot center and valves were replaced at 20 and 7.5 years, 

respectively. The present value of each replacement cost (RPV), $, was estimated using the 

corresponding single present value (SPV) discount factor:  

( ) ttPV iFR += 1 x 	  	   	   [S4] 

	  

where, 

(1+i)-t = SPV discount factor, with t being the service life of a component of agricultural 

RWH system (20 years for pivot center and 7.5 years for check valve) 

i = the real discount rate (0.03) suggested by the National Institute of Standards and 

Technology (NIST 2013). We also performed sensitivity analysis of i from 3% to 10% (Register 

1999). 



Ft = Future price of an item such as agricultural RWH pivot center, $, estimated as the 

replacement cost at replacement times (multiple replacements of the component’s service life 

less than or equal to 50). We estimated future price, Ft, as identical to the base date cost, 

assuming zero real price escalation rates	  (the rate of price change @ general price inflation rate), 

as suggested by the NIST guideline (Fuller and Petersen 1996).  

Using Equation S4, we estimated present value for every replacement in the future and 

summed them to reach the component’s total present value. For example, replacement costs of 

two units of pivot center at the end of service life of 20 and 40 years is the base date cost at 

$38,296 each	  (Table S1). The present value of total future replacement costs of two pivot centers 

with the base date (2014) unit price of $38,296 was therefore estimated as: 

𝑅"# = 	  38,296	  x	   1 + .03 123 + 38,296	  x	   1 + .03 143 = $ 32,943   [S5] 

We note that actual future replacement cost of an item, with a price escalation rate deviating 

from general inflation rates, may also be estimated using a nominal price escalation rate such as 

3%, as suggested by the NIST life cycle cost assessment handbook; corresponding present value, 

RPV, of all pivot replacements in an agricultural RWH system may be estimated. For example, in 

the case of pivot centers, total future costs of two pivot center component replacements may be 

estimated as: 

 𝐹6 = 	  38,296	  x	   1 + .03 23 + 38,296	  x	   1 + .03 43 = $194,090   [S6] 

And corresponding present value RPV of all pivot replacements in an agricultural RWH system 

may be estimated at $194,090 x (1+0.03)-50 = $44,273, which is greater than the value estimated 

using Equation S5. We used replacement costs identical to the base date cost, assuming zero real 

price escalation rates for this analysis. 

 



Residual Value 

Residual value at the end of service life of a component was estimated by the straight-line 

method of depreciation recommended by the Royal Institution of Chartered Surveyors and the 

U.S. Department of Energy (Fuller and Petersen 1996; RICS 2014). For example, replacement of 

a pivot center (base date cost, P) that operated 10 years of its 20 years of service life would have 

a residual present value, VPV, of:  

 P x 
20
10

=PVV  = 0.5 x $ 38,296 =	  $19,148     [S7] 

The present value of this residual value was then estimated at $4,368,	  using Equation S4. 

 

Annual Costs 

The present value of annual operation and maintenance costs were estimated using the 

uniform present value (UPV) factor. Water prices vary with location, block price and year, and 

energy price varies by fuel type, price escalation rate and census region (Fuller and Petersen 

1996), but neither were included in our analysis. For all annual costs, we accounted for future 

discounting by estimating present value (PV) of annually recurring uniform amounts, as defined 

by:  
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where,  

PVC = present value of annual cost  

A = Annual costs, $ 
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11  = uniform present value (UPV) factor  



i = real discount rate (.03) (NIST 2013)  

n = number of compounding years (i.e., service life = 50 years) 

 

We used 1.7% of total investment costs as the O&M costs of an agricultural RWH system 

(Hogan et al. 2007). Sediment removal is performed once every 2-15 years depending on pond 

type (Commission 2007), but we estimated costs of annual removal. The volume of sediment 

dredging was based on 0.02 m depth by 7108 m2 surface area per year, at $20/m³ (Marsalek and 

Marsalek 1997; USDA 1997; Commission 2007). The surface area assumes average water depth 

of 1.8 m (6 ft) in a sedimentation chamber of 13000 m3 volume (Ghimire et al. 2014). Sediment 

disposal costs were estimated at $7/m3 (See Table S1). 
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