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Motivation

Methodology

Research Questions
1. What are the savings for producers based on MIRI adoption and 

pumping costs?
2. How does MIRI adoption impact the environment based on a Life Cycle 

Assessment?
3. What is the benefit for every dollar invested in public research for MIRI 

adoption?

• Arkansas rice producers face increasing concerns over conventional 
methods of irrigation, which has led many producers to look for 
improvements in irrigation management. 

• Arkansas, the third largest state for irrigated agriculture in the United 
States, is rapidly depleting groundwater resources. 

• Recent highly publicized criticisms of commodity checkoff programs have 
questioned the benefit of these programs or view them as a tax. 

• Multiple Inlet Rice Irrigation (MIRI) helps producers reduce water usage 
and costs (Figure 1), but the overall benefits of MIRI remain unknown. 

• Whereas previous studies have focused on yield enhancements from 
checkoff dollars, this study focuses on the value of water savings. 

• First, we had to establish the total number of acres where MIRI was 
implemented from 2002-2018 directly attributed to checkoff funding at 
10.11% of total MIRI acreage (Table 1).

• A Life Cycle Assessment was conducted to compare cradle-to-farm gate 
environmental impact of MIRI adoption, considering the environmental 
damage if there were no MIRI acreage . The single score is the sum of the 
monetary costs of all impact categories. Economic cost for each category 
below respiratory inorganics is less than US$ 0.168 (Table 2).

• Water savings (assuming no yield loss), off-road diesel price, and polypipe
costs are taken into account for total savings.

• Average depth-to-groundwater (for top 24 rice producing counties) was 
used to calculate diesel gallons to raise an acre-inch of water each foot: 
0.0108 gallons (assuming 75% pump efficiency). 

• Net present value of water had to be accounted for, assuming in situ value 
of water is $1.97/acre-inch (Table 3).

For the years 2002-2018, water savings was measured in acre-inches to 
further calculate cost savings. Annual water savings ranged between 
178,511 and 549,504 acre-inches, highly influenced by the total acreage 
for a given year. Checkoff acres were multiplied by 7.17 (the average 
water savings by MIRI) to evaluate savings in acre-inches for each year. 
MIRI acres for each year were calculated using a conservative estimate of 
10.11% of total MIRI rice acreage. Total yearly MIRI percentages were 
taken from B.R. Wells’ yearly survey. Water savings was estimated at 
23.8%. To expand upon these savings, it is necessary to consider other 
costs associated with rice production. Table 3 takes into consideration In 
Situ Value of Water, Fuel Cost Savings, and Polypipe Costs to estimate the 
total MIRI Cost Savings. Diesel costs were converted to 2018 dollars for 
accurate results, then multiplied by fuel savings for each year to calculate 
the amount of these savings. 

1. As scrutiny for checkoff programs increases, studies like this will be 
necessary to better estimate checkoff impacts for producers. 

2. Failing to account for future value of water conserved underestimates the 
cost-benefit ratio by 1350%. 

3. Our findings suggest that by overlooking the future value of water 
conserved via MIRI adoption, the benefit-cost ratio would be 
underestimated by 286%.  

4. This study shows the importance of accounting for direct benefits 
producers experience now and the future benefits they will receive from 
conserving inputs as well as  the global benefits provided through 
ecosystem services. 

Table 2. Ecosystem Impact Scores Using Stepwise LCA per 
kg of Rice Produced Using Single Inlet (Baseline) and MIRI 
Production.

Conclusions
Year % MIRI Total Rice Acreage MIRI Acres MIRI Acres

Due to Checkoff
Water savings
(acre inches)

2002 17.4 1,503,000 254,492 25,735 184,521
2003 24.8 1,455,000 351,143 35,509 254,599
2004 27.5 1,555,000 414,535 41,919 300,561
2005 30.8 1,635,000 488,426 49,391 354,137
2006 27 1,400,000 367,605 37,174 266,534
2007 30.6 1,325,000 395,964 40,041 287,096
2008 36.4 1,395,000 495,404 50,097 359,196
2009 42.7 1,470,000 585,374 59,195 424,429
2010 45.1 1,785,000 778,516 78,726 564,468
2011 41.8 1,154,000 473,970 47,930 343,655
2012 38.5 1,285,000 458,227 46,338 332,240
2013 34.4 1,064,000 356,728 36,074 258,648
2014 39.6 1,480,000 567,587 57,369 411,532
2015 40.6 1,291,000 515,214 52,100 373,559
2016 33.1 1,521,000 468,100 47,336 339,399
2017 33.4 1,104,000 374,113 37,832 271,253
2018 33.2 1,422,000 435,949 44,085 316,088

Figure 1. Two methods of applying floodwater to rice fields
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Services BCR

2002 138,230 364,112 1,898,284 99,853 70,613 0.54 5.70 32.58
2003 241,732 502,394 2,690,091 137,774 70,613 1.47 8.59 46.68

2004 291,217 593,091 3,351,625 162,647 52,206 2.46 13.82 78.02
2005 497,132 698,810 3,765,321 191,639 57,539 5.31 17.45 82.89
2006 412,601 525,946 2,938,885 144,233 74,425 3.61 10.67 50.16
2007 467,582 566,521 3,315,265 155,360 88,749 3.52 9.90 47.26
2008 825,535 708,793 3,822,190 194,376 54,057 11.68 24.79 95.49
2009 679,677 837,517 4,617,159 229,677 71,254 6.32 18.07 82.87
2010 780,502 1,113,852 5,841,361 305,458 70,613 6.73 22.50 105.23
2011 515,246 678,127 3,732,404 185,967 55,314 5.95 18.21 85.69
2012 687,746 655,603 3,962,672 179,790 53,042 9.58 21.94 96.64
2013 547,307 510,384 3,126,211 139,966 109,127 3.73 8.41 37.06
2014 782,914 812,068 4,973,492 222,698 32,053 17.48 42.81 197.98
2015 703,473 737,136 4,374,757 202,149 32,925 15.23 37.61 170.48
2016 390,656 669,729 3,759,324 183,664 146,575 1.41 5.98 31.63
2017 257,270 535,258 3,238,774 146,787 81,953 1.35 7.88 47.40
2018 436,866 623,729 3,787,317 171,049 80,000 3.32 11.12 58.46
Total 8,655,687 11,133,069 63,195,132 3,053,087 1,201,058 - - -
Average 509,158 654,886 3,717,361 179,593 70,650 5.86 16.79 79.21

Table 3. Benefit-Cost Ratio

Impact categories Unit Baseline MIRI
End point impact scores
Single Score US$ 2018 0.4066 0.3814 
Global warming, fossil US$ 2018 0.2133 0.2063 
Respiratory inorganics US$ 2018 0.1254 0.1139 
Mid point impact scores

Human toxicity, carcinogens kg C2H3Cl-eq 1.01E-02 9.14E-03
US$ 2018 0.0040 0.0036 

Human toxicity, non-carcinogens kg C2H3Cl-eq 5.76E-02 4.72E-02
US$ 2018 0.0235 0.0193 

Respiratory inorganics kg PM2.5-eq 1.23E-03 1.12E-03
US$ 2018 0.1254 0.1139 

Ionizing radiation Bq C 14.eq 4.1E+00 3.8E+00
US$ 2018 0.0001 0.0001 

Ozone layer depletion kg CFC11-eq 8.33E-08 7.76E-08
US$ 2018 0.0000 0.0000 

Ecotoxicity, aquatic kg TEG-eq.w 3.13E+01 2.64E+01
US$ 2018 0.0003 0.0003 

Ecotoxicity, terrestrial kg TEG-eq.s 2.9E+00 2.6E+00
US$ 2018 0.0048 0.0044 

Nature occupation m2 years-agr 8.99E-02 8.62E-02
US$ 2018 0.0168 0.0161 

Global warming, non-fossil kg CO2-eq -1.38E+00 -1.37E+00
US$ 2018 0.0000 0.0000 

Global warming, fossil kg CO2-eq 1.70E+00 1.65E+00
US$ 2018 0.2133 0.2063 

Acidification m2 UES 8.97E-02 8.39E-02
US$ 2018 0.0010 0.0010 

Eutrophication, aquatic kg NO3-eq 6.29E-03 6.27E-03
US$ 2018 0.0010 0.0010 

Eutrophication, terrestrial m2 UES 1.92E-01 1.82E-01
US$ 2018 0.0036 0.0034 

Respiratory organics pers ppm-h 2.24E-03 2.16E-03
US$ 2018 0.0009 0.0008 

Photochemical ozone, vegetation m2 ppm-hours 2.04E+01 1.96E+01
US$ 2018 0.0114 0.0110 

Non-renewable energy MJ-primary 8.54E+00 7.81E+00
US$ 2018 0.0000 0.0000 

Mineral extraction MJ-extra 3.89E-02 3.36E-02
US$ 2018 0.0002 0.0002 

Table 1. Total MIRI Water Savings

Results
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