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Abstract 

The Japanese Beetle (JB) is an invasive species first introduced to the United States in 1916. It 

has since spread to more than 30 States. JB causes damage to agriculture products in its early 

stages of life as a grub by feeding on over 300 host plants ranging from nursery stock and orna-

mental plants to fruit, grain, and vegetable bearing plants as an adult and feeding on turf as a 

grub. The potential damages to agriculture commodities and horticulture if Utah becomes in-

fested with JB has led the Utah Department of Agriculture and Food (UDAF) to maintain a 

statewide quarantine for nine years and undertake an eradication effort nationally unprecedented 

in size upon discovery of an established JB population in Orem Utah in 2006. 

 Keywords: cost-benefit analysis, CBA, risk-analysis, economics, econometrics, invasive 

species, Popillia Japonica, Japanese beetle, Cobb-Douglas production function 
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Risk Analysis of Japanese Beetle in Utah 

 Popillia japonica, commonly known as the Japanese beetle (JB), is native to northern Ja-

pan. It is a non-native organism to the United States, introduced accidentally or deliberately 

through trade, migration, etc. (Fleming, 1972). JB was introduced to New Jersey in 1916 (USDA 

APHIS | Japanese Beetle, n.d.). After JB’s introduction to the U.S. and establishment (a sustaina-

ble population to continue existence that disrupts the ecosystem it colonizes; Crooks & Rilov, 

2009) in the Eastern states, JB began its migration westward, transported in nursery stock, soil 

from tools/ machinery, airplanes, cars, and trucks (Oregon Department of Agriculture, 2017). 

The first record of JB in Utah was found in 2006 by an Orem homeowner (Utah 

Department of Agriculture and Food, 2012). The U.S. has policies in place to reduce the intro-

duction of non-native species. However, it is nearly impossible to completely prevent the intro-

duction of a non-native species (Aukema et al., 2011; Cranshaw, 2018). Especially in the modern 

world, with ease of international travel and trade. Also, quantifying the damages of invasive spe-

cies brings challenges in accounting for invasive species in trade policies (Bradshaw et al., 2016; 

Wright, 1995). Pimentel et al.,(Pimentel et al., 2005) estimate the total cost of invasive species to 

the U.S. is about $13.5 billion per year. Sather-Smith (2014)noted the US spends about $450 

million per year to control beetle populations. Japanese beetles are one of the most aggressive 

invasive species in the U.S., suggesting the establishment of JB in Utah could create substantial 

economic and ecological costs. 

The Japanese Beetle, an Invasive Species 

 Not all non-native species are invasive. Nonindigenous species become invasive when 

they dominate an entire ecosystem (Bradshaw et al., 2016; Crooks & Rilov, 2009). Species can 

accomplish this when there are few resources or environmental conditions (limiting resources) 
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that limit the growth of JB population. A limiting resource can be biotic like competition over 

resources (e.g., food, mates, etc.) or abiotic (e.g., soil temperature, soil moisture, space available 

for JB, climate conditions, etc.) (Bragard, 2018; Crooks & Rilov, 2009). Limiting resources are 

often expressed as a lack of a resource. Limiting resources explain why JB is unsuccessful in Ja-

pan. In Japan, natural predators and unsuitable terrain conditions (little available turfgrass) con-

trol the JB population since there is more competition over limiting resources (Bragard, 2018). In 

the U.S., JB has less competition over resources since resources are of more abundance, allowing 

JB to establish successfully.  

Darwin’s Theory of Natural Selection 

Darwin applies Malthus’ theory of population to the success of an invasive species in his 

theory of Natural Selection. JB in Malthus' theory would predict that increases in subsistence 

(wages) will result in increases in population. Applied to JB, replacing subsistence for their limit-

ing resources implies that increases in the availability of limiting resources, the population will 

increase. Under Darwin’s theory of natural selection, populations are controlled by checks. If 

there is a lack of food resources then food becomes a limiting resource, this acts as a check, in-

creasing competition requiring the fittest to survive.  

Biocontrol is a method of controlling invasive species by releasing one species (JB preda-

tors) to control another species population. Some JB natural predators include wild birds (cardi-

nals, robins, etc.), opossums, raccoons, skunks, moles, and shrews all eat beetle grubs. It should 

be noted these mammals damage the turf or crops during the process of eating JB. Biological 

control thus wouldn’t help control JB in the agricultural industry as it would reduce crop yields 

and damage the plant. Biological control will not completely wipe out an invasive species, it 

controls population to reduce their damage but not eliminate it. UDAF is very efficient in 
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controlling JB population through trapping and insecticides. In previous years when JB popula-

tions exponentially rose (2006) the UDAF was able to reduce populations relatively close to zero 

beetles the following summer of 2007 (Caputo & Watson, 2020). Since mechanical and chemical 

control methods are sufficient and relatively low-cost options to keep JB populations low, then 

biological control is unnecessary.  

The Lifecycle of the Japanese Beetle 

JB emerges from the soil between mid-June to early July with a peak population in Utah 

occurring July to August according to data collected by the Utah Department of Agriculture and 

Food (UDAF) (Caputo & Watson, 2020; Cranshaw, 2018). Females typically surface first and 

release a pheromone, attracting males out of the ground to mate on nearby host plants (Fleming, 

1972). Females will return into the ground to lay eggs (a process called oviposition), after which; 

she returns to the plant leaves to feed. The cycle will be repeated multiple more times throughout 

their life above ground, distributing, on average, a total of 40-60 eggs over her lifespan (Bragard, 

2018; Fleming, 1972). The overall length of the adult JB lifecycle is about one year (Fleming, 

1972). Their lifecycle tends to be longer, closer to two years, in cooler temperatures, and shorter 

in relatively higher climates (Fleming, 1968).  

Larvae Stage. The JB larvae’s survival depends on the female’s oviposition site and 

three key abiotic factors; (1) land topography, (2) soil temperature, and (3) soil moisture 

(Fleming, 1972). Larvae have limited mobility and feed on surrounding plant roots. Therefore, a 

major survival factor for JB is a nearby food source (plant roots) (Cranshaw, 2018; Fleming, 

1972; Utah Department of Agriculture and Food, 2012). Early signs of turf damage from JB are 

similar to drought-stressed turf, often leaving damage unnoticed until the turf has completely de-

tached from its roots (Fleming, 1972). 
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JB larvae are also extremely sensitive to extreme temperatures and lack of soil moisture 

(Fleming, 1972). The survival rate of a JB is at the highest risk during their first and second 

stages as a larva (Fleming, 1972). If survival rates are low, JB cannot develop a sustainable pop-

ulation to overtake an ecosystem, and JB will not become invasive. Therefore, the damage of JB 

is highly dependent upon the oviposition of the larva to increase survival chances. 

Temperature. Fleming (1976) found optimal larva survival occurs between 15°𝐶 − 31°𝐶 

and at prolonged temperatures below 15°𝐶, for low to no chance of survival. When exposed to 

prolonged (seven days) extreme temperatures above 34°𝐶, zero eggs hatched (Fleming, 1972). 

Below 0°𝐶, larvae displayed a 100% mortality rate. Average temperatures during larvae stages in 

June-August within the range of 15°𝐶 − 31°𝐶 range are suitable for JB survival. Adults also 

tend to be most active (feeding, flying, and mating) on warm sunny days, which also increases 

reproduction rates and population growth.  

Soil Moisture. Soil moisture is crucial to the survival of the larvae and the establishment 

of JB. JB larva cannot retain water, requiring high soil moisture content, and a minimum annual 

average of 250 mm of precipitation (Bragard, 2018). JB contains around 80% of its weight (at 

maximum weight) in water (Fleming, 1972). Human-created climates, through the introduction 

of irrigation and other technology have allowed for farming and JB larvae to survive in areas that 

historically had arid soil terrain that were unsustainable for both. 

Land Topography. In addition to moist soil, JB larva must be positioned near plant roots 

(Cranshaw, 2018; Fleming, 1972). The larvae’s limited mobility means that the damage to plants 

depends on how far the larvae are positioned from the plant. Waltz et al., (2010) noted larvae eat 

plant roots in their general area, causing the turf to die and “roll up like a carpet” (Waltz et al., 

2010). Larvae also affects plant durability and the plant's water and nutrient intake from the soil 
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(Shanovich et al., 2019). By laying eggs underground, JB larvae are very difficult to detect and 

often remain unnoticed until there is extreme damage leaving areas of turf dead. If an area does 

not meet these three requirements, the female will find a more suitable area to lay her eggs.  

Adult Stage. The adult JB tends to aggregate in a localized area to feed and mate, which 

can cause extreme damage to areas of host plants (Hodgson et al., 2011). Meanwhile, leaving 

nearby areas of host plants undamaged (Hodgson et al., 2011). They skeletonize the plant leaves 

leaving little remaining, while also feeding on the plant’s crop production (i.e., fruit, berries). 

Adults fly on warm and sunny days or when disturbed. Typically flying short distances, most 

within a 50-meter radius and estimated rate of spread of about 7.7 km per year (Allsopp, 1996). 

Host Plants. JB feeds on over 300 plant species in 79 families across the U.S (Hodgson 

et al., 2011, p. 2012; Shanovich et al., 2019; Utah Department of Agriculture and Food, 2012). 

An abundance of host plants increases the availability of survival resources and reduces popula-

tion checks ultimately decreasing competition for JB. With the ability to consume over 300 dif-

ferent plant species (high abundance of resources) and little competition over resources, the lon-

gevity and reproduction rates dramatically increase. General categories in JB diet includes; 

shrubs, trees, fruits, berries, field crops, vegetables, ornamentals, nursery plants, and damage to 

turf including private lawns, golf courses, and pastures(Cranshaw, 2018; Utah Department of 

Agriculture and Food, 2012). Shanocich et al. (Shanovich et al., 2019) noted JB prefers host 

plants with a high sugar concentration. Since the canopy receives the most sunlight, JB tends to 

defoliate plants from the top down to consume the parts of the plant with higher sugar concentra-

tions (Bragard, 2018).  

Cost-Benefit Analysis.  
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JB has the potential to generate major economic costs for the State of Utah's horticultural 

and agricultural markets. By damaging host plants, the state of Utah risks decreasing crop pro-

duction, increasing production costs, and losing market share to other states. The proposed cost-

benefit analysis (CBA) will help Utah decision-makers to make more informed and rational deci-

sions regarding expenditures for JB.  

CBA helps to create a clear net social benefit, in monetary terms, of the decision to main-

tain quarantine against JB in Utah. The opportunity cost of doing nothing is the costs incurred by 

the private sector; therefore, the benefits of the state controlling the population mainly accumu-

late within the private sector. Essentially, by controlling JB population, provided as a public 

good, the state is subsidizing the private sector for this positive externality. The state of Utah 

should continue to control JB population if the benefit to cost (B-C) ratio is greater than one, 

such that that for every $1 spent there is more than a $1 benefit, making the overall net social 

benefit positive. If the net social benefit is negative, it indicates Utah spending is more than the 

benefit provides, indicating Utah should stop controlling JB population. 

Disadvantages of Cost-Benefit Analysis 

Researchers would like to identify, assign monetary values, and aggregate all possible 

costs and benefits (tangible and intangible), to determine the B-C ratio. Value judgments enter as 

individuals assign subjective values to costs and benefits without an exact monetary value. It is 

difficult to infer an individual's values, tastes, and preferences and extrapolate the outcome of the 

decision.  

Another shortcoming is that all individuals do not equally value income. The marginal 

utility $1 brings to a person with less money is likely greater than the marginal utility an 
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additional dollar brings to a rich person. Individuals using CBA results to make a decision should 

consider its shortcomings when evaluating the results. The effect of JB destruction will differ for 

various groups in Utah. For example, if destroyed turf is not replaced or redesigned (i.e., a rock 

garden), the homeowner’s property value may decline. Homeowners in lower-income brackets 

will likely prioritize investing in their lawn lower than a wealthier homeowner. Income is a scare 

resource to the low-income homeowner and must be allocated efficiently, meaning that yard up-

keep is likely not their top priority. These lower-income households could experience a decline 

in their property value, furthering a wealth inequality gap between the two groups.  

International Trade and Invasive Species within CBA 

Bradshaw (2016) argues that climate change and international trade are the two leading 

factors of increased introductions and expanding distribution of non-native species. International 

trade can have net positive effects on society. However, it also increases the risk of transporta-

tion of non-native species to the native area, which can have serious economic and social costs. 

Human migration, movement of traded goods, and growing populations all increase the likeli-

hood of a non-indigenous species establishing and becoming invasive, which can become ex-

tremely costly to the US as a whole. 

New invasive species are often not identified until they have caused significant economic 

damage and have an uncontrollable population established, making the costs to eradicate signifi-

cantly larger than the benefits (Courtois et al., 2017; Holmes et al., 2009). Climate change has 

also allowed for non-native species to live in new locations they historically could not survive in 

(Allsopp, 1996). Across the globe, we are engaging in more international trade than ever, in-

creasing our exposure to unintentional introductions of species from other countries. 
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The introduction of an invasive species poses significant costs for the US (including con-

trol costs, loss in agricultural and horticultural production, and destruction of natural resources) 

(Bradshaw et al., 2016; Courtois et al., 2017). The allocation of resources for invasive species, in 

theory, would be spent more efficiently in the production of a good or service in which it has a 

comparative advantage. However, due to the introduction and establishment of the invasive spe-

cies, resources must now be allocated (while the costs are relatively lower) to prevent further 

growth in population, future damages and inefficient resource allocation.  

Cost-Effective Approaches  

Early and effective prevention from allowing an invasive species to establish is the low-

est cost option to restrict establishment and mitigate spread (Bradshaw et al., 2016; Courtois et 

al., 2017; Kaiser & Burnett, 2010). Without management and control of JB, as populations rise 

exponentially (due to abundance of limiting resources), so will the costs associated with control-

ling the population (Bradshaw et al., 2016). The underestimation of costs associated with the 

damage from JB will intensify over time since costs to control will rise exponentially as JB pop-

ulations rise. Rejmánek and Pitcairn (2002) stress the importance of early prevention methods as 

the lowest cost option. For some invasive species, the population can grow so considerable that 

eradication becomes impossible when the costs exceed the benefits that population control pro-

vides. 

Positive externalities can be provided by public or private parties. If the control of JB is 

made private, a private party might be subsidized to be encouraged to take more efforts in pri-

vately controlling JB. In effect, by providing JB population control publicly, the state is 
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subsidizing these private parties. However, providing the subsidy this way is more effective in 

controlling JB.  

When an investment has a personal cost but a common benefit, economic agents will tend 

to underinvest, the private market will then under supply these goods. Leaving the control of JB 

population up to private parties become vulnerable to the free-rider problem. If certain individu-

als take action to control JB population on their property, others are more likely to choose to do 

nothing if they feel enough other people are taking action. This will lead to market failure in that 

the positive externality of controlling JB populations will be underproduced. Indicating popula-

tions would be more effectively controlled if quarantine was treated as a public good.  

Achieving the most efficient control of JB population is only possible if eradication or 

control is treated as a public good and covered by the Utah state government and possibly as-

sisted by private groups with a vested interest (i.e., corn farmers). If control of JB is left to indi-

viduals and the private sector, only some households and firms will actively take efforts to quar-

antine and others will do nothing. The lack of effort by some parties will not properly control the 

population and will allow JB to establish, counteracting other individual’s efforts to control the 

population. The lack of control efforts by some parties is known as the free-rider problem. Those 

who do not control JB population will benefit (temporarily) from parties who actively control JB 

population. These parties are thus underpaying for the benefit, while others are paying more. 

Human-assistance through irrigation of turfgrass and agriculture has created an environ-

ment for JB to establish west of the Mississippi River, where it previously could not survive 

(Shanovich et al., 2019). Invasive species can have severe economic and environmental costs if 

improperly managed and controlled. JB damages agricultural commodities by destroying 
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ornamental plants, crops (i.e., corn, fruits and berries) and Utah’s natural resources and biodiver-

sity. These damages make Utah less competitive in these commodity markets as it becomes in-

creasingly costly to produce the commodities. Do the social benefits of maintaining a quarantine 

against JB, specifically in Utah’s agricultural corn industry and urban turfgrass, exceed the cost 

for Utah to maintain quarantine?  

Method 

Procedure 

Researchers developed a cost-benefit analysis on maintaining JB quarantine. The CBA 

weighs costs incurred by the UDAF to maintain a quarantine against the foregone losses to the 

Utah Agricultural economy that could result from the infestation of JB. Researchers used fore-

gone losses in agricultural commodities (losses as a result of allowing JB to invade) as the bene-

fit in the CBA. To establish the value of the losses, researchers developed a model to apply to ag-

ricultural commodities that are vulnerable to JB damage. Due to a lack of complete data availa-

ble and resource constraints, researchers restricted the current foregone loss estimate to the value 

of corn production and the value of turfgrass. Turfgrass is also limited to areas considered as “ur-

ban turf”. 

Cost of JB Population Control Incurred by Utah State 

 The cost for the state to control JB population is based on the aggregate costs if they con-

tinue to quarantine until 2027. Inflation rates were not accounted into cost calculations since re-

searchers assumed constant market prices for corn and turf. The costs also remain constant as 

this is currently Utah's budget for JB; therefore, we expect the cost to remain the same over years 

if Utah can continue to keep JB populations low. Researchers used the maximum value of the 
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UDAF budget as the costs for JB control. This will overestimate costs to produce more conserva-

tive results. 

Japanese Beetle Population Predictions  

Utah is currently JB free. Thus, researchers forecasted the value of potential losses eight 

years in the future (2019-2027). Eight years would allow for adequate time for a significant JB 

population to establish in Utah. Researchers built a model to estimate JB pollution growth based 

on the following assumptions; 1) the average female JB lays 50 eggs within a year, and 2) 35% 

of those eggs reach adulthood. Based on these assumptions, forecasted populations started at 

1.29 beetles in 2019.  

Corn Yield Predictions 

Data for corn forecasting was analyzed using the program RStudio (RStudio, 2020). Data 

structure and availability allowed for the yield of corn in Utah to be forecasted through the popu-

lation growth period of 2027. Researchers forecasted corn yields using two methods; 1) statisti-

cal regression analysis, and 2) a weighted historical growth model.  

Statistical Regression. Statistical regression methods consisted of constructing an unre-

stricted Cobb-Douglas function. Researchers chose an unrestricted Cobb-Douglas function for its 

ease of manipulations and interpretation, and its good fit to the data (Griliches, 1963). A panel 

data construction was used since only nine of the 29 counties in Utah consistently produce corn. 

A sample size of nine is too small to perform practical statistical regression and could yield unre-

liable and invalid results. To solve this, researchers constructed a panel of data using three years 

of data from the nine counties. Researchers obtained data from the UDSA Census of Agriculture. 

This census is released every five years, which dictated the years included to 2007, 2012, and 

2017, and helped determine the year researchers chose to forecast out to (2027). Collected data 
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consisted of corn used for grain yield in bushels and several labor and capital cost variables as 

directed by the Cobb-Douglas production function method. See Appendix A Table A1 for a full 

list and description of possible variables of interest for the statistical regression forecasting for 

corn.  

Model Specification. Researchers ran initial regressions using two-way fixed effects, 

which assumes the influence of variables is constant across all observations. See Appendix A Ta-

ble A2 for complete regression results. Our main variables of interest for our statistical regres-

sion were; 𝑐𝑜𝑟𝑛𝑦𝑙𝑑 (total corn yield in bushels), 𝑢𝑡𝑖𝑙 (total cost of agricultural utilities), 𝑓𝑒𝑟𝑡 

(total cost of fertilizers applied), 𝑙𝑎𝑏𝑜𝑟 (total cost of hired and contracted labor), 𝑟𝑒𝑛𝑡 (total cost 

of rent), and 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑠 (number of acres treated to control insects). After testing different variable 

combinations, researchers used the following variables to synthesize the equation used for fore-

casting purposes; 

log(𝑐𝑜𝑟𝑛𝑦𝑙𝑑) = 1.172	log(𝑢𝑡𝑖𝑙) + 2.209	log(𝑓𝑒𝑟𝑡) − 2.114	 log(𝑙𝑎𝑏𝑜𝑟) −

1.123 log(𝑟𝑒𝑛𝑡) + 0.985	lo g(𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑠) 1.  

All variables were significant at the 5% level, with the exception of the 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑠 varia-

ble, which was significant only at the 10% level. Researchers generated OLS and random effects 

versions of this equation and conducted testing to determine which model is most accurate.  

F-Tests. After generating an OLS 2 version of this equation, an F-test was conducted to 

test for individual effects. This test is based on a null hypothesis that OLS is a better fit than a 

fixed effects model.  

F-Test Results: 

 
1 Appears as fix48 in the regression reporting table, Appendix A Table A2 
2 Appears as ols48 in the regression reporting table, Appendix A Table A2 
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𝐹	 = 	5.39, 𝑑𝑓1	 = 	8, 𝑑𝑓2	 = 	13, 𝑝 − 𝑣𝑎𝑙𝑢𝑒	 = 	0.003846  

𝐻!:	𝑛𝑜	𝑒𝑓𝑓𝑒𝑐𝑡  

𝐻":	𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡	𝑒𝑓𝑓𝑒𝑐𝑡𝑠  

The p-value is less than the 0.05 benchmark; therefore, we reject the null hypothesis that 

the OLS is a better fit, in favor of a fixed-effects model.  

Hausman Test. Researchers also generated a random-effects version 3 of this equation. 

Then subjected both equations to a Hausman Test to determine which proved a better fit. This 

test is based upon the null hypothesis that a random-effects equation is a better fit.  

Hausman Test Results: 

𝑐ℎ𝑖𝑠𝑞	 = 	14.063, 𝑑𝑓	 = 	3, 𝑝 − 𝑣𝑎𝑙𝑢𝑒	 = 	0.00282  

𝐻!:	𝑟𝑎𝑛𝑑𝑜𝑚 − 𝑒𝑓𝑓𝑒𝑐𝑡𝑠	𝑚𝑜𝑑𝑒𝑙	𝑖𝑠	𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡  

𝐻":	𝑟𝑎𝑛𝑑𝑜𝑚 − 𝑒𝑓𝑓𝑒𝑐𝑡𝑠	𝑚𝑜𝑑𝑒𝑙	𝑖𝑠	𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡  

The p-value is less than the 0.05 benchmark, indicating the null hypothesis (random-ef-

fects is the best fit model) should be rejected and instead, researchers should use a fixed-effect 

model. After determining the fixed effect model is the best fit, researchers used the coefficients 

of variables within the final regression to forecast the 2027 corn yield in Utah. All variables in 

the final equation are expressed as a double-log to normalize the data. Double-log equations are 

interpreted as elasticities such that "for every one percent change in the independent variable, the 

model estimates a 𝛽"R% change in corn yield”. Researchers forecasted yield by estimating the 

change in all independent variables over the forecasting period to get the growth rates. Then mul-

tiplied the growth rates by the equation coefficients. Finally, both were added together to obtain 

the growth in the dependent variable. 

 
3 Appears as rand48 in the regression reporting table, Appendix A Table A2 
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Weighting Growth Rates. To estimate the change in all independent variables, research-

ers collected six periods of data in 5-year intervals from 1987 to 2017, as dictated by the sched-

uled releases of the Census of Agriculture, for all variables except for the 𝑢𝑡𝑖𝑙 (utilities) variable 

since only the four most recent years were available. Researchers derived growth rates from data 

according to two different methods to estimate future changes; 1) a simple average from the ob-

servation to observation growth rates from all years, and 2) a weighted average of observation to 

observation growth rates over all years according to the weighing scale in Table 1.  

Table 1 

Weighing Scale for Variable Growth from 1992-2017 

 

Note. Weighing scale applied to individual period growth of independent variables to calculated 

weighted growth used for forecasting. 

Table 2 

Weighing Scale for 𝑈𝑡𝑖𝑙 Variable from 2007-2017 

 

Note. Weighting scale applied to period to period growth of the 𝑢𝑡𝑖𝑙 variable to calculate the 

weighted growth used for forecasting. 

See Appendix A Table A3 for a complete report of all variable growth. Note in Appendix 

A Table A3; there is one estimated observation within the growth variable. Estimation was nec-

essary because one county was missing a 𝑐𝑙𝑎𝑏𝑜𝑟 (contract labor) input for 2007. In order to ac-

count for the missing value, researchers estimated the labor value for 2007 using two methods. 1) 

Year 1992 1997 2002 2007 2012 2017
Weight 5.00% 8.00% 11.00% 17.00% 27.00% 32.00%

Variable Growth Weighting

Year 2007 2012 2017
Weight 20.00% 30.00% 50.00%

Util Growth Weighting
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a simple average of all years with available data, and 2) a weighted average of all years with 

available data according to the weighing scale in Table 3.  

Table 3 

Weighing Scale for Labor Variable from 1987-2017 

 

Note. Weighing scale used to calculate missing Juab county 2007 𝑐𝑙𝑎𝑏𝑜𝑟 variable. 

See Appendix A Table A3 for simple and weighted average results. Researchers then ap-

plied both growth rate aggregation methods to all variables and summed the results accordingly 

to determine the expected percent change in the corn yield variable according to the two meth-

ods. 

Table 4 

Expected Percent Change in Corn Yield 

 

Note. Total expected 5-year percent growth in Utah corn yield according to a simple average 

(SA) and weighted average (WA). 

These growth rates represent the expected 5-year growth in corn yield based upon the his-

torical growth rates of all the independent variables. According to the Census of Agriculture, 

Utah corn yield used for grain totaled 5,050,322	bushels.  

In order to forecast Utah crop yield for 2027 from this number, it must be grown through 

two periods using the growth rates above. Growing the actual yield number through two periods 

gives the final forecast of Utah corn yield.  

Year 1987 1992 1997 2002 2012 2017
Weight 3.00% 7.00% 20.00% 30.00% 30.00% 10.00%

Labor Weighting Scale

Total SA - cornyld % Change
32.30%

Total WA - cornyld % Change
34.45%

Total cornyld % Growth
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Weighted Growth Model. To forecast using the weighted historical growth model, re-

searchers analyzed and extracted growth rates and ratios from 25 years of historical corn data 

ranging from 1994 to 2018, obtained from annual statistical reports from the UDAF. Variables of 

interest include; growth rates of acres harvested, yield per acre, and yield per acre as a ratio. Re-

searchers aggregated the growth of these variables across the 25 years of data using the 

weighting scale in Table 5. 

Table 5 

Aggregated Growth Rates of Acres Harvested and Yield Per Acre Ratios  

 

Note. Weighting scale applied in the calculation of acres harvested growth rate, yield per acre 

growth rate, and yield per acre ratio. This weighting scale places more than 50%4 of the 

weighted on the first six years of data. 

Table 6 

Aggregation Results 

 

 
4 52.5% 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
0.25% 0.50% 0.75% 1.00% 1.25% 1.50% 1.75% 2.00% 2.25% 2.50% 2.75% 3.00% 3.25%

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
3.50% 3.75% 4.00% 4.25% 4.50% 4.75% 5.00% 7.00% 8.00% 9.00% 10.00% 13.50%

Variable Rate
Acres Harvested 4.27%
Yield per Acre (Growth) -1.34%
Yield per Acre (Ratio) 0.79%

Aggregation Results
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Note. Aggregation Results according to the weighing scale.  

Researches constructed two different models from the annual aggregate values. The first 

model contained both acres harvested and yield per acre projected for each year of the forecast-

ing periods from 2018 through 2027 using the growth rates above. Researchers then multiplied 

together to reach a total yield figure for each year. The second model contained projected acres 

harvested for each year in the forecasting period from 2018 through 2027, with the growth rate 

above. The yield per acre is calculated by taking the forecasted acres harvested results for each 

year and multiplying it by the yield per acre ratio. Researchers then multiplied results together to 

reach a total yield figure for each year. The 2027 results from both models are as shown in Table 

7. See Appendix A Table A4 for comprehensive results containing the forecasted values for each 

year. 

Table 7 

Weighted Growth Model Yields 

 

Note. Corn yield forecasting results for 2027 according to both methods applied from 2018 ac-

tual values. 

Turfgrass Estimations 

Researchers estimated total foregone loss to turfgrass by aggregating total turf JB larvae 

could survive in Utah multiplied by the cost to replace turf, estimated at $0.69. Researchers 

Method 2018 2027
Acres & Yield Growth 4,004,000 5,164,016 
Acres & Yield Ratio 4,004,000 8,132,953 

Weighted Growth Model Yields
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gathered a list of important survival requirements for JB based on Fleming's (1972) extensive re-

search on JB biology. This prior research was used to calculate the total Sq. Ft. of turf in Utah 

where JB larvae could survive. Larvae development is the most critical stage of JB survival and 

is the most sensitive stage to changes in the surrounding climate. The survival factors of larvae 

provide a good indicator of JB's ability to establish. JBs tend to remain in areas suitable for their 

eggs, suggesting areas proper for larvae survival are areas that will likely experience higher dam-

age rates. JB research has determined three main factors essential for survival; 1) land topogra-

phy, 2) soil moisture, and 3) soil temperature. See Appendix B for Japanese Beetle Survival Re-

quirements.  

Data Elimination of Unfit Survival Areas. Researchers used an ArcGIS datasheet from 

the Utah Water Resources Open Data Group (2018) to calculate the total square feet of turf avail-

able for JB to invade and destroy. The data contains 337,229 data points and specifies total 

square meters of different water-related land use for each county in Utah. After cleaning the data 

in Excel (Microsoft Excel, 2020) by eliminating urban turf areas JB larvae could not survive in 

(the three factors stated above), the data contained 5,213 data entries. See Appendix B for JB 

survival requirements based on Fleming's (1972) research. While this data set contains extensive 

varieties of crops in Utah, it only includes total square meters the crop occupies and does not in-

clude crop yields to allow for forecasting on other crops. 

Cleaning the Data. The data included other states, so researchers eliminated other states, 

so only Utah turf would be included in the benefit estimates. Next, researchers eliminated data 

fields classified as 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒 under the variable 𝐿𝑎𝑛𝑑𝑢𝑠𝑒, leaving 𝑈𝑟𝑏𝑎𝑛 remaining. A ma-

jority of the agricultural land use in the data is designated for other crop categories, such as 

𝑐𝑜𝑟𝑛, 𝑏𝑎𝑟𝑟𝑒𝑛, 𝑏𝑎𝑟𝑙𝑒𝑦,	𝑤ℎ𝑒𝑎𝑡, etc. Though many of these crop areas may also have turf areas 
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for JB to survive and lay eggs, researchers removed these areas to reduce any risk of double 

counting damages if additional crops are calculated into the foregone losses in the future. Re-

searchers also focused on turf classified as 𝑢𝑟𝑏𝑎𝑛 since there is a higher likelihood this turf will 

be replaced upon destruction than turf used for agricultural purposes. Urban turf will also create 

more realistic costs for what would be spent by private and public institutions.  

The irrigation methods variable allowed researchers to determine areas with sufficient 

soil moisture. Researchers selected "sprinkler" under the 𝐼𝑅𝑅#$%&'((irrigation method) in order 

to remove all data classified as having no irrigation. Essential moisture for JB survival requires 

an average of 250𝑚𝑚 of annual precipitation. Due to Utah's somewhat arid climate, areas that 

use sprinklers likely meet this minimum, whereas areas without sprinklers likely do not receive 

enough water for JB larvae to survive. Researchers eliminated categories under 𝐶𝑙𝑎𝑠𝑠)*#$, leav-

ing the following entries; 𝐶ℎ𝑒𝑟𝑟𝑖𝑒𝑠, 𝐷𝑒𝑐𝑖𝑑𝑢𝑜𝑢𝑠	𝐹𝑜𝑟𝑒𝑠𝑡, 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑/	𝐻𝑖𝑔ℎ	𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 

𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑/	𝐿𝑜𝑤	𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦,	𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑/	𝑀𝑒𝑑	𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑/	𝑂𝑝𝑒𝑛	𝑆𝑝𝑎𝑐𝑒, 

𝐸𝑣𝑒𝑟𝑔𝑟𝑒𝑒𝑛	𝐹𝑜𝑟𝑒𝑠𝑡, 𝐺𝑟𝑎𝑠𝑠/𝑃𝑎𝑠𝑡𝑢𝑟𝑒,	𝑀𝑖𝑥𝑒𝑑	𝐹𝑜𝑟𝑒𝑠𝑡, 𝑁𝑜𝑛𝑒, 𝑂𝑡ℎ𝑒𝑟	𝐻𝑎𝑦/𝐴𝑙𝑓𝑎𝑙𝑓𝑎, 𝑃𝑒𝑎𝑐ℎ𝑒𝑠, 

and 𝑆ℎ𝑟𝑢𝑏𝑙𝑎𝑛𝑑. The calculation of turf in the categories of cherries and peaches is separate from 

a foregone loss specific to cherry and peach production in Utah. First, the peaches and cherries 

are classified as urban turf, and therefore is not commercial. Also, the calculation is based on turf 

surrounding the tree and not the production of the tree’s fruits. Irrigation is one of the main rea-

sons JB is able to survive in Utah. Otherwise, the Utah terrain and ecosystem would be unsuita-

ble for JB larvae.  

Calculation of Damage Rate. Researchers gathered average temperatures for June, July, 

and August in each Utah county. For average temperatures outside the survival range of 59	°𝐹 −

88°𝐹, researchers calculated a discount rate so counties with temperatures further outside the 
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range utilize a smaller percentage of the total Sq. meters of turf. This indicates less damage to 

turf in areas JB does not survive well in. Researchers then applied a damage rate to every county 

of 80% for our best-case scenario. Meaning researchers expect about 20% of the turf (after ac-

counting for temperatures in various counties) to be damaged, or JB will occupy 20 % of the to-

tal turf. Researchers added the discount rate (counties with temperatures outside the range) and 

the damage rate together to find the total percentage to be discounted from each data point's Sq. 

Ft area. 

Discount Rate for Temperatures. Researchers gathered minimum and maximum temper-

atures for June, July, and August for each Utah county (Utah State - USA.ComTM, 2010) and av-

eraged the maximum and the minimum temperature averages for the three months to calculate 

the overall minimum and maximum temperature averages for each county over the three months.  

The percentage of the average temperature each county is under the minimum is calcu-

lated by c– (,-$.*/$	123.5$#6	7'.	%&$	8'93%:;<$=92.$(	123.5$#6	7'.	>9.-2-*?)
(,-$.*/$	123.5$#6	7'.	%&$	8'93%:)

e. For the minimum per-

centage difference, we use the additive inverse of all percentages so it could be added to the 

damage rate to find the overall percentage of acres each data point will be discounted by. The 

percentage the average temp is above the maximum is calculated for each county 

by	c(,-$.*/$	1*A.5$#6	7'.	%&$	8'93%:;<$=92.$(	1*A.5$#6	7'.	>9.-2-*?)
(,-$.*/$	1*A.5$#6	7'.	%&$	8'93%:)

e.  

An 𝑖𝑓 statement was computed to determine the total percentage above the maximum and 

below the minimum for each Utah county. If the percentage below the minimum is positive, then 

take the 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒	𝑏𝑒𝑙𝑜𝑤	𝑡ℎ𝑒	𝑚𝑖𝑛𝑖𝑚𝑢𝑚 + (1 − 	𝑑𝑎𝑚𝑎𝑔𝑒	𝑟𝑎𝑡𝑒), if the percentage below the 

minimum is less than zero put (1 − 𝑑𝑎𝑚𝑎𝑔𝑒	𝑟𝑎𝑡𝑒). Remember, researchers used the additive 

inverse, so a positive percentage means the overall minimum average for that county was below 
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the required minimum, and a negative percentage indicates the overall minimum average for that 

county is within the survival range. For the maximum, if the percentage above the maximum is 

greater than zero, then take the 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒	𝑎𝑏𝑜𝑣𝑒	𝑡ℎ𝑒	𝑚𝑎𝑥𝑖𝑚𝑢𝑚 + (1 − 	𝑑𝑎𝑚𝑎𝑔𝑒	𝑟𝑎𝑡𝑒), if 

the percentage above the maximum is less than zero puts (1 − 𝑑𝑎𝑚𝑎𝑔𝑒	𝑟𝑎𝑡𝑒). Researchers then 

averaged the minimum and maximum percentages together to determine the overall weighted 

damage for each county. These average weighted damages for each county represent the amount 

of turf in that county JB will not destroy, and the reciprocal would indicate the percentage of turf 

in that county JB would damage/ occupy. This allows researchers to identify different possible 

scenarios.  

Total Estimated Turf Destroyed. Next, within the Urban Turf data, researchers adjusted 

the variable 𝑆ℎ𝑎𝑝𝑒,.$*. This variable represents the total Sq. Meters of urban turf in that area. 

This variable needed to be adjusted to account for the calculated overall average weighted dis-

count rate. Researchers used a 𝑣𝑙𝑜𝑜𝑘𝑢𝑝 function to find the average weighted discount rate that 

corresponds to the county the 𝑆ℎ𝑎𝑝𝑒,.$* data refers to. For example, if the shape area in a spe-

cific data point belongs to the county Millard, then the average weighted discount rate previously 

calculated for Millard will be used against that 𝑆ℎ𝑎𝑝𝑒,.$*. Researchers used the equation 

g𝑆ℎ𝑎𝑝𝑒	𝐴𝑟𝑒𝑎B	C*%*	D'23% − h𝑆ℎ𝑎𝑝𝑒	𝐴𝑟𝑒𝑎B	C*%*	D'23% ∗

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑	𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡	𝑅𝑎𝑡𝑒E'.	B	8'93%:kl to calculate the 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑>&*6$	,.$*. From 

here, researchers aggregated the 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑>&*6$	,.$* for each data point in the Urban Turf 

data to calculate the total urban turf JB is likely to damage based on the specified damage rate.  

𝑆ℎ𝑎𝑝𝑒,.$* is calculated in Sq. Meters, so values were converted to Sq. Ft to match the 

cost of replacement turf measured in Sq. ft. Researchers then took 
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Total	Urban	Turf	JB	is	Likely	to	Damage	Based	on	the	Specified	Damage	Rate	(sq	ft) ×

	Cost	to	Replace	Turf	(per	sq	ft), to find the benefit of turf by maintaining quarantine. The re-

placement cost of turf is based on labor, sod, and delivery costs to install turf per Sq. Ft. 

Results 

 The purpose of this research is to identify the B-C ratio of continuing to control JB popu-

lation. Researchers predict that the benefits of controlling JB population will be significantly 

greater than the costs for UDAF to continue to quarantine. The results of the cost-benefit model 

will inform whether or not the potential losses to the Utah agricultural economy due to JB infes-

tation merit the expenses incurred by the UDAF in maintaining a quarantine against  

JB. If the value of foregone losses is greater than costs incurred, this indicates the UDAF should 

maintain its quarantine against JB. If the value of the foregone losses are less than the costs, then 

the UDAF should stop allocating resources to control JB population.  

Cost of Quarantine Estimates 

 Based on information from UDAF regarding their annual budget to control JB, we esti-

mated the cost at $60,000 per year for a total of $480,000 cumulative cost by 2027. The esti-

mated cost per year is the higher end of the budget, which will increase our estimated costs to 

control.  

Population Estimates 

Based on our assumptions of JB population growth rates, our model estimated that JB 

population could grow to over 6.3 billion by 2027. Researchers consider this population size to 

be large enough to cause significant damage to the Utah agricultural economy, allowing re-

searchers to apply damages more accurately. 

Corn Yield Results 



RISK ANALYSIS OF JAPANESE BEETLE IN UTAH 25 

Statistical Regression Results 

 The econometric form of the model including all variables can be written as; 

log(𝑐𝑜𝑟𝑛𝑦𝑙𝑑)� = 1.172 log(𝑢𝑡𝑖𝑙) + 2.209 log(𝑓𝑒𝑟𝑡) − 2.114 log(𝑙𝑎𝑏𝑜𝑟) − 1.123 log(𝑟𝑒𝑛𝑡) +

0.985lo g(𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑠) 5. 

Table 8 

Statistical Regression of Corn Yield Forecasts for 2022 and 2027 

 

Note. Results after a single growth period to 2022 and through the second period to 2027. 

Table 8 contains the results of forecasting using statistical regression using both the sim-

ple average and weighted aggregation of percent change in explanatory variables. Results are 

shown through one period to 2022 and a second period to 2027.  

Weighted Growth Model Results 

Table 9 

Weighted Growth Model Yields 

 
5 Appears as fix48 in the regression reporting table, Appendix A Table A2 
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Note. Corn yield forecasting results for 2027 according to both methods applied from 2018 ac-

tual values. 

Aggregation 

To keep final corn yield estimates conservative, researchers weighted the most conserva-

tive results from both the statistical regression and the weighted growth model methods of esti-

mation together equally to reach our final yield estimate of 6,992,812. Using the most recent 

price of $4.50 per bushel, as constant, from the UDAF’s 2019 Utah Agricultural Statistics and 

Annual Summary Report, this estimated yield equates to a value of $31,467,996. 

Estimated Losses to Corn 

Gould (1963) estimates losses to corn from JB infestation at 10 bushels per acre. Re-

searchers used this prior finding of 10 bushels per acre damage to estimate as the worst-case-sce-

nario for losses to the Utah corn industry in 2027. Researchers also generated a most likely case 

and best-case scenario at eight and six bushels lost per acre. To determine the total acreage the 

forecasted 2027 yield represents, researchers derived simple and weighted average values of 

yield per acre from the same eight years of data used to calculate the growth of all independent 

variables used in statistical regression. The weighing scale, as well as results, are contained in 

Table 10. 

Table 10 

Yield to Acer Variable Growth 

Method 2018 2027
Acres & Yield Growth 4,004,000 5,164,016 
Acres & Yield Ratio 4,004,000 8,132,953 

Weighted Growth Model Yields
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Note. Simple and weighted average yield per acre results as well as weighing scale used in 

weighted average calculations. 

Table 11 

Scenarios of Corn Loss Predictions for 2027 

 

Note. Number and value of corn bushels lost at 44,947 acres for worst-case (10), most-likely (8), 

and best-case (6) scenarios.  

Forecasted yield was divided by the weighted average yield per acre of 156 bushels per 

acre to estimate a conservative total acreage estimate at 44,947 acres. The most likely case-sce-

nario presents losses of 359,576 bushels equating to a value of $1,618,092.  

Turfgrass Results  

 Researchers used various discount rates to estimate a best-case, most likely and worst-

case scenarios of JB larvae damage to urban turfgrass. A constant market price of $0.69 per Sq. 

Ft. was used based on estimates from UDAF on the replacement cost of turf. If the cost to re-

place turf increases the benefit of foregone losses of turf will also increase. Researchers based 

the benefit of turf calculation on the best-case scenario, which indicates less damage caused by 

the JB larvae to turf. This ensures that the benefit is underestimated and not overestimated. 

Year 1987 1992 1997 2002 2007 2012 2017
Yield 2,559,872 2,392,540 2,642,441 2,134,158 3,249,594 5,379,627 6,225,791
Acres 18,930       19,142       17,924       14,999       21,367       33,879       36,219       
Yield/Acre 135.23       124.99       147.42       142.29       152.08       158.79       171.89       
Weight 3.0% 6.0% 9.0% 10.0% 20.0% 25.0% 27.0%
Weighted Y/A 4                7                13              14              30              40              46              

156

148
Weighted Average

Simple Average

Yield to Acres Variable Growth

Acres Loss per Acre Bushels Lost Value
10 449,470     2,022,615 
8 359,576     1,618,092 
6 269,682     1,213,569 

44,947 

Corn Losses
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Therefore, if the results show that the benefit is greater than the costs, with underestimated bene-

fits, the decision is more than justified to continue to control JB population. If the foregone 

losses are actually larger than estimated, then the benefits of quarantine would increase. 

Table 8 

Scenarios of Turf Loss Predictions for 2027 

Note. The table shows the estimated Sq. Ft of turf damaged and the cost to replace the damaged 

turf, based on a market price of $0.69 per Sq. Ft for the best-case, worst-case, and most likely 

scenarios based on various damage rates.  

Researchers based best-case scenario on a 20% damage rate, which indicates that of the 

available turf for JB to survive in, only about 20% of that turf will be damaged. This 20% was 

used as a starting point since JB tends to aggregate in confined areas and tends to lay her eggs 

near feeding areas , indicating most larvae are relatively in close proximity to each other. Indicat-

ing damage would be confined to a relatively small area out of the entire turf in that area. The 

damage rates for the most-likely case and worst-case scenarios were estimated at 35% and 50%, 

respectively.  

Aggregate Foregone Losses 

Our findings suggest the aggregate foregone losses to Utah by continuing to maintain 

quarantine (corn and turf benefit to Utah’s agriculture) is forecasted at a total of $126,222,199 in 

2027. 

Sq. Ft of Turf Turf Damaged Sq. Ft Damaged Replacement Cost
50% 502,105,070    (345,197,236)      
35% 341,673,699    (234,900,668)      
20% 181,242,329    (124,604,101)      

Turf Replacement Costs

1,069,542,470 
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Discussion 

 The purpose of this research is to identify the B-C ratio of UDAF continuing to control 

JB population in Utah. Researchers predict that as of 2019 data, the benefits will be significantly 

greater than the current costs for the state to control the beetle. We predict that for every $1 

UDAF spends on control, the state as a whole will benefit by more than $1. Meaning that Utah 

should continue to provide the public good of JB quarantine.  

 The main benefit of this research is to provide the state with evidence in monetary terms 

if their efforts to control are warranted or not. This will allow the state to determine if resources 

(funds) are being allocated efficiently. The CBA will assist in making rational decisions on the 

allocation of scarce resources. By using monetary values, individuals can see the major costs and 

benefits of a decision. This research will also provide a framework for other states to calculate 

CBA on JB or another invasive species for their state. In addition, the framework can be utilized 

by UDAF to continue to reevaluate the B-C ratio of maintaining quarantine to ensure they max-

imize the efficiency of resource allocation.  

 If the results indicate the benefits are greater than the costs, we suggest Utah should con-

tinue to control JB population and should reject the decision of stopping control. The CBA will 

also indicate if the state is efficiently allocating resources. If the CBA deems that the costs out-

weigh the benefits, Utah should stop controlling JB population and leave it up to private eco-

nomic agents. If the state continues to spend money on the control when the costs are greater 

than the benefits. This would be an inefficient use of resources, the state would be spending 

money to lose money, and the resources currently going toward this program would be more effi-

ciently spent in a project that yields an efficient B-C ratio.  

Limitations 
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 The most significant limitations were data and resource constraints. Due to a lack of com-

plete data that contained all variables required for each crop. Often data was incomplete, with 

missing Utah counties and other variables. Researchers were unable to find consistent data with 

similar variable measures for multiple different crops to allow for forecasting of a variety of crop 

yields.  

 Our models suggest the benefit (foregone losses) from maintaining quarantine is greater 

than the cost to quarantine the Japanese beetle at an estimated cumulative B-C ratio of 

$126,222,199 − $480,000 in 2027. The forecasted projections suggest that the accumulated 

costs of maintaining the quarantine are less than 1% of the potential losses to Utah Agriculture. 

The cost to benefit ratio can be interpreted as for every $0.0038 spent on JB control, Utah bene-

fits by gaining $1. The benefit to cost ratio can be interpreted as for every $1 spent on JB control, 

Utah benefits by gaining an estimated $263. Based on our findings, as of 2019 current JB popu-

lations in Utah, we recommend that the Utah Department of Agriculture and Food continues to 

maintain the quarantine against the Japanese Beetle. See Appendix C for complete summary of 

CBA on the JB for the State of Utah.  



RISK ANALYSIS OF JAPANESE BEETLE IN UTAH 31 

References 

Allsopp, P. G. (1996). Japanese Beetle, Popillia japonica Newman (Coleoptera: Scarabaeidae): 

Rate of Movement and Potential Distribution of an Immigrant Species. The Coleopterists 

Bulletin, 50(1), 81–95. JSTOR. 

Aukema, J. E., Leung, B., Kovacs, K., Chivers, C., Britton, K. O., Englin, J., Frankel, S. J., 

Haight, R. G., Holmes, T. P., Liebhold, A. M., McCullough, D. G., & Von Holle, B. 

(2011). Economic Impacts of Non-Native Forest Insects in the Continental United States. 

PLoS ONE, 6(9), e24587. https://doi.org/10.1371/journal.pone.0024587 

Bradshaw, C. J. A., Leroy, B., Bellard, C., Roiz, D., Albert, C., Fournier, A., Barbet-Massin, M., 

Salles, J.-M., Simard, F., & Courchamp, F. (2016). Massive yet grossly underestimated 

global costs of invasive insects. Nature Communications, 7(1), 12986. 

https://doi.org/10.1038/ncomms12986 

Bragard, C. (2018). Pest categorisation of Popillia japonica. EFSA Journal, 30. 

https://doi.org/10.2903/j.efsa.2018.5438 

Caputo, J., & Watson, K. (2020). Japanese Beetle Positive Captures by Day and County in Utah. 

Utah Department of Agriculture and Food. 

Courtois, P., Figuieres, C., Mulier, C., & Weill, J. (2017). A Cost-Benefit Approach for Prioritiz-

ing Invasive Species. Ecological Economics, 146, 607–620. 

Cranshaw, W. (2018). Japanese Beetle Fact Sheet. Colorado State University. 

Crooks, J. A., & Rilov, G. (2009). The Establishment of Invasive Species. In G. Rilov & J. A. 

Crooks (Eds.), Biological Invasions in Marine Ecosystems: Ecological, Management, 

and Geographic Perspectives (pp. 173–175). Springer. https://doi.org/10.1007/978-3-

540-79236-9_9 



RISK ANALYSIS OF JAPANESE BEETLE IN UTAH 32 

Fleming, W. E. (1968). Biological Control of the Japanese Beetle. Agricultural Research Ser-

vice, U.S. Department of Agriculture. 

Fleming, W. E. (1972). Biology of the Japanese Beetle. U.S. Department of Agriculture. 

Fleming, W. E. (1976). Integrating Control of the Japanese Beetle: A Historical Review. U.S. 

Department of Agriculture, Agricultural Research Service. 

Gould, G. E. (1963). Japanese Beetle Damage to Soybeans and Corn. JOURNAL OF ECO-

NOMIC ENTOMOLOGY, 56(6), 776–781. 

Griliches, Z. (1963). Estimates of the Aggregate Agricultural Production Function from Cross-

Sectional Data. Journal of Farm Economics, 45(2), 419–428. JSTOR. 

https://doi.org/10.2307/1235997 

Hodgson, E. W., Kuntz, C., O’Neal, M., & VanNostrand, G. (2011). Japanese beetle biology and 

management in corn and soybean. Proceedings of the Integrated Crop Management Con-

ference, 10982038. https://doi.org/10.31274/icm-180809-71 

Holmes, T. P., Aukema, J. E., Von Holle, B., Liebhold, A., & Sills, E. (2009). Economic Impacts 

of Invasive Species in Forests: Past, Present, and Future. Annals of the New York Acad-

emy of Sciences, 1162(1), 18–38. https://doi.org/10.1111/j.1749-6632.2009.04446.x 

Kaiser, B. A., & Burnett, K. M. (2010). Spatial economic analysis of early detection and rapid 

response strategies for an invasive species. Resource and Energy Economics, 32(4), 566–

585. https://doi.org/10.1016/j.reseneeco.2010.04.007 

Microsoft Excel (Version 16.36). (2020). [Computer software]. https://www.microsoft.com/en-

us/microsoft-365/excel 

Oregon Department of Agriculture. (2017). Economic Risk Analysis: Oregon and the Japanese 

Beetle (Popillia japonica) Newman. 



RISK ANALYSIS OF JAPANESE BEETLE IN UTAH 33 

Pimentel, D., Zuniga, R., & Morrison, D. (2005). Update on the environmental and economic 

costs associated with alien-invasive species in the United States. Ecological Economics, 

52(3), 273–288. https://doi.org/10.1016/j.ecolecon.2004.10.002 

Rejmánek, M., & Pitcairn, M. J. (2002). When is eradication of exotic pest plants a realistic 

goal? 5. 

RStudio. (2020). https://rstudio.westminstercollege.edu 

Sather-Smith, E. (2014). Idaho budgets $400,000 for Japanese beetle eradication. The Idaho 

Business Review; Boise. https://search.proquest.com/abicom-

plete/docview/1542391630/abstract/4F3BAA69D8924ADDPQ/3 

Shanovich, H. N., Dean, A. N., Koch, R. L., & Hodgson, E. W. (2019). Biology and Manage-

ment of Japanese Beetle (Coleoptera: Scarabaeidae) in Corn and Soybean. Journal of In-

tegrated Pest Management, 10(1), 9. https://doi.org/10.1093/jipm/pmz009 

USDA APHIS | Japanese Beetle. (n.d.). Retrieved February 6, 2020, from 

https://www.aphis.usda.gov/aphis/ourfocus/planthealth/plant-pest-and-disease-pro-

grams/pests-and-diseases/japanese-beetle/japanese-beetle 

Utah Department of Agriculture and Food. (2012). 2012 Utah Agriculture Statistics and Utah 

Department of Agriculture and Food Annual Report. 

Utah State—USA.comTM. (2010). http://www.usa.com/utah-state.htm 

Utah Water Resources Open Data Group. (2018). Water Related Land Use Statewide ArcGIS 

Data. http://dwre-utahdnr.opendata.arcgis.com/datasets/water-related-land-use-statewide-

2018-features 

Waltz, C., McCullough, P., Hudson, W., Braman, K., & Martinez, A. (2010). 2010 Turfgrass 

Pest Control Recommendations for Professionals. Georgia Turfgrass Association. 



RISK ANALYSIS OF JAPANESE BEETLE IN UTAH 34 

Wright, R. J. (1995). G95-1251 Biological Control of Insect and Mite Pests. University of Ne-

braska- Lincoln, 7. 

 

  



RISK ANALYSIS OF JAPANESE BEETLE IN UTAH 35 

Appendix A 

Table A1 

Variables Used for Statistical Regression Forecasting Method for Corn 

  

cornyld - Total corn yield in bushes used for grain labor - Summation of the hlabor and clabor variables
fert - Total cost of fertilizers applied measured in $1,000 proll - Total Farm payrolls measured in $,1000
chem - Total cost of chemicals applied measured in $1,000 workers - Number of workers
seeds - Total cost of seeds purchased measured in $1,000 rent - Total cost of all rents paid measured in $1,000
fuel - Total cost of fuels used measured in $1,000 mach - Total cost of machinery measured in $1,000
util - Total cost of agricultural utilities measured in $1,000 treatins - Number of acre treated for control of insects
hlabor - Total cost of hired labor measured in $1,000 treatcropl - Acres of cropland treated
clabor - Total cost of labor under contract measured in $1,000
othexp - Total farm expenses incurred less the summation of all variables measured in $1,000 except proll

Regression Varaibles
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Table A2 

 

Regres-
sion #

X1- Fert
X2- 
Chem

X3- 
Seeds

X4- Fuel
X5-Util

X6-La-
bor

X7- 
H

Labor
X8- 
CLabor

X9- 
Rent 

X10-
M

ach
X11-
Treatins

X12- 
Treat-
Cropl

X13- 
O

ther-
Exp

X14- 
W

orkers
X15- 
H

Labor/
W

orkers

X16- 
Labor/ 
W

orkers

X17- 
Chem

/
Treatins

X18- 
Proll

X19- 
Proll/ 
W

orkers

E- 
Cornyld

R
2

2 W
ay Fixed  E!ect Equations

"x1

"x2

"x3

"x4

"x6

"x5

"x9

"x8

"x7

"x10

"x11

"x12

"x13

"x14

"x16

"x15

"x19

"x18

"x17

"x20

"x22

"x23

"x24

"x25

"x26

"x21

"x27

217.804

1.227

200.202*

1.658**

1.428**

0.673

1.263**

1.305**

1.616**

0.603

1.440**

2.892**

2.630**

2.522*

2.209***

1.031*

0.273

703957*

0.478

-200.770

0.252

1.315

0.919

1.488**

41.214

-0.470

0.132

-0.422

0.093

-0.711

0.281

0.193

0.136

1.603*

1.407*

1.414*

1.471*

1.233*

1.170*

1.430*

1.261*

1.247*

1.172**

0.458

311525

0.574

1.447*

1.181

1.430*

0.168

0.063

-1.853**

-1.325

-2.114***

-312693

-2.170**

-1.589

-2.181**

-0.583

-60.975

-0.740

-2.169**

-1.213

-2.229**

-1.944*

-1.837*

-2.440**

-2.477***

-2.270**

-1.940**

-81.467

-0.143

0.016

-0.161

-1.542*

-1.278

-1.246*

-1.123**

-326205

0.110

0.010

1.166

0.985

1.293

-69260

1.361

1.533

1.851*

1.347

1.821*

1.033

2.271**

1.019

-0.311

1.274*

1.336*

1.400**

1.260*

-0.074

-0.113

-0.716

-1.578

-1.285

-1.727*

-1.070

0.117

-0.120

N
ot 

Logged

0.370

0.294

0.443

0.486

0.733

0.560

0.694

0.593

0.548

0.727

0.709

0.714

0.795

0.773

0.707

0.828

0.308

0.424

0.465

0.399

0.415

0.512

0.340

0.515

0.178

0.340

0.176
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Regres-
sion #

X1- Fert
X2- 
Chem

X3- 
Seeds

X4- Fuel
X5-Util

X6-La-
bor

X7- 
H

Labor
X8- 
CLabor

X9- 
Rent 

X10-
M

ach
X11-
Treatins

X12- 
Treat-
Cropl

X13- 
O

ther-
Exp

X14- 
W

orkers
X15- 
H

Labor/
W

orkers

X16- 
Labor/ 
W

orkers

X17- 
Chem

/
Treatins

X18- 
Proll

X19- 
Proll/ 
W

orkers

E- 
Cornyld

R
2

Two W
ay Fixed E!ect Equations

"x28

"x29

"x30

"x31

"x33

"x32

"x36

"x35

"x34

"x37

"x38

"x39

"x40

"x41

"x43

"x42

"x46

"x45

"x44

"x47

"x49

rand36

rand48

"x48

1.217

1.530

1.503*

3.274***

1.384*

1.160

1.008

1.443**

0.928

2.410

2.533***

1.529**

1.958**

2.209***

1.227**

2.051***

2.209***

-0.371

0.796

-0.726

0.109

0.242

0.629

0.070

0.279

0.898

0.196

0.477

0.404

0.156

0.761

1.133

1.437

0.011

1.227*

1.260*

1.418*

1.113*

1.172**

0.069

0.989*

1.172**

-2.236**

-2.066*

-1.876**

-2.419**

-2.058**

-2.114***

-1.285***

-2.114***

-1.822**

-1.088

-1.190**

-1.178**

-1.123**

-0.707

-1.123**

0.158

1.036

0.985

0.257

0.985

3.810**

-0.497

-.0623

0.283

-0.792

-0.842

-0.265

0.129

-1.450*

-0.432

-0.034

-1.181

-0.314

-0.3374

0.577

0.475

-0.713

-0.053

-0.677

0.170

-0.615

0.281

0.287

0.338

0.175

0.654

0.495

0.330

0.116

0.109

0.308

0.428

0.001

0.196

0.030

0.610

0.244

0.605

0.773

0.614

0.797

0.827

0.508

.806

0.827

Random
 E!ects Equations

O
ne W

ay Fixed E!ect Equations
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Table A3 

Historical values of independent variables. Simple and weighted average results. Weighing scale 

applied for weighted results. 

  

Year 1997 2007 2012 2017
Value 15,792 23,677 30,095 36,154
Growth 49.9% 27.1% 20.1%
Weight 20.0% 30.0% 50.0%
Weighted Growth 10.0% 8.1% 10.1%

Year 1987 1992 1997 2002 2007 2012 2017
Value 31,657 45,874 50,258 62,815 85,390 103,294 128,890
Growth 44.9% 9.6% 25.0% 35.9% 21.0% 24.8%
Weight 5.0% 8.0% 11.0% 17.0% 27.0% 32.0%
Weighted Growth 2.2% 0.8% 2.7% 6.1% 5.7% 7.9%

Year 1987 1992 1997 2002 2007 2012 2017
Value 31,657 45,874 50,258 62,815 85,255 103,294 128,890
Growth 44.9% 9.6% 25.0% 35.7% 21.2% 24.8%
Weight 5.0% 8.0% 11.0% 17.0% 27.0% 32.0%
Weighted Growth 2.2% 0.8% 2.7% 6.1% 5.7% 7.9%

Year 1987 1992 1997 2002 2007 2012 2017
Value 9,317 12,563 17,077 16,458 24,792 43,973 42,225
Growth 34.8% 35.9% -3.6% 50.6% 77.4% -4.0%
Weight 5.0% 8.0% 11.0% 17.0% 27.0% 32.0%
Weighted Growth 1.7% 2.9% -0.4% 8.6% 20.9% -1.3%

Year 1987 1992 1997 2002 2007 2012 2017
Value 163,472 160,755 131,531 137,608 162,006 193,510 223,499
Growth -1.7% -18.2% 4.6% 17.7% 19.4% 15.5%
Weight 5.0% 8.0% 11.0% 17.0% 27.0% 32.0%
Weighted Growth -0.1% -1.5% 0.5% 3.0% 5.3% 5.0%

Year 1987 1992 1997 2002 2007 2012 2017
Value 9,726 10,405 11,698 14,540 19,160 32,219 29,717
Growth 7.0% 12.4% 24.3% 31.8% 68.2% -7.8%
Weight 5.0% 8.0% 11.0% 17.0% 27.0% 32.0%
Weighted Growth 0.3% 1.0% 2.7% 5.4% 18.4% -2.5%

rent Variable Growth

treatins Variable Growth

fert Variable Growth

-28.418%

12.013%

cornyld % Change
Equation Ceofficient -25.401%

-1.12171 cornyld % Change

71.663%

cornyld % Change
Equation Ceofficient 6.149%

0.98511 cornyld % Change

-53.860%

cornyld % Change
Equation Ceofficient 70.381%

2.20887 cornyld % Change

cornyld % Change
Equation Ceofficient -56.774%

-2.11431 cornyld % Change

Equation Ceofficient -56.782%
-2.11431 cornyld % Change

-53.828%

cornyld % Change

33.022%

util Variable Growth

labor - SA Variable Growth
cornyld % Change

1.17163
37.949%

cornyld % Change
Equation Ceofficient

Weighted Average
32.39%

Simple Average

28.18%

labor- WA Variable Growth

Simple Average
22.64%

Weighted Average
25.33%

Simple Average
6.24%

Weighted Average
12.19%

Simple Average
31.86%

Weighted Average
32.44%

Simple Average
26.85%

Weighted Average
25.47%

Simple Average
26.86%

25.46%
Weighted Average
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Table A4 

Year to year forecast results for method using solely growth rates titled “Growth Forecast” and 

results for method using growth rate and ratio titled “Ratio Forecast” 

  

Figure 3

Bearing Acreage 4.27%
Yield per Acre (growth) -1.34%
Yield per Acre (ratio) 0.79%

Year 2019 2020 2021 2022 2023 2024 2025 2026 2027
Acres Harvested 22,939        23,918        24,938        26,003        27,112        28,269        29,476        30,733        32,045        
Yield per Acre 182             189             198             206             215             224             233             243             254             
Total Yield 4,167,451   4,530,725   4,925,665   5,355,033   5,821,828   6,329,313   6,881,036   7,480,852   8,132,953   
Price 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Value of Utilized 18,753,527 20,388,261 22,165,494 24,097,648 26,198,226 28,481,910 30,964,662 33,663,833 36,598,290 

Year 2019 2020 2021 2022 2023 2024 2025 2026 2027
Acres Harvested 22,939        23,918        24,938        26,003        27,112        28,269        29,476        30,733        32,045        
Yield per Acre 180             177             175             172             170             168             166             163             161             
Total Yield 4,118,804   4,236,900   4,358,381   4,483,346   4,611,894   4,744,128   4,880,153   5,020,078   5,164,016   
Price 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Value of Utilized 18,534,618 19,066,048 19,612,716 20,175,058 20,753,524 21,348,575 21,960,688 22,590,352 23,238,070 

Ratio Forecast

Weighted Growths

Growth Forecast
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Appendix B 

Japanese Beetle Survival Factors for ArcGIS Map 

• Land Topography:  

o Turf. All grass/turf in Utah, including areas like pastures, lawns, golf courses, etc. 

o Vegetation type. Near fields of fruits (i.e., apples, apricots, sweet cherries, tart 

cherries, peaches) of rye, clover, corn, beans, tomatoes, and nursery stock. JB 

tends to lay eggs in close proximity (within 100 ft) to host plants.  

o Prefers to lay eggs in tall over low brush 

o Also likes moist sandy areas: including sandy loams and loams 

o Moderate soil texture 

• Temperature:  

o June-August average temps between 15 °C - 31°C 

• Mean Soil Temperature:  

o June- August between 17.5°C and 27.5°C  

o Soil temperature during winter is above -9.4°C (below 9.4 no survival).  

o Low moisture environments not as suitable for survival 

• Soil Moisture: moderate to high soil moisture, loose and moist soil 

o Drought: will not lay eggs in area that are hard and dry and will find another place 

o Irrigation  

• Average Precipitation at least 250 mm during the summer (below 250mm JB larvae can-

not survive) 

o Infrequent summer drought 

o Irrigated areas  
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Appendix C 

 

ECONOMIC RISK ANALYSIS 
UTAH AND THE JAPANESE BEETLE ON TURF AND CORN

By Sarah Jane Grundon and Hudson Schmucker

Benefit of Corn
�vঞl-|;7�	-l-];v�=ou�ƑƏƑƕ

Best Case Scenario 
6 Bushels

Most Likely Scenario 
8 Bushels

Worst Case Scenario 
10 Bushels*

269,683 bushels 359,577 bushels 449,472 bushels 

$1,213,574 $1,618,098 $2,022,623

*Base of 10 bushels per acre (Gould, 1963)

Benefit of Turf
�vঞl-|;7�	-l-];v�=ou�ƑƏƑƕ

Best Case Scenario
20% Damage

Most Likely Scenario
35% Damage

Worst Case Scenario
50% Damage

 181,242,329 Sq. Ft  341,673,699 Sq. Ft  502,105,070 Sq. Ft

$124,604,101 $234,900,668 $345,197,235
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Forecasted Projections
��u�=ou;1-v|;7�ruof;1ঞomv�v�]];v|�|_;�-11�l�Ѵ-|;7�1ov|v�o=�l-bm|-bmbm]�|_;�
t�-u-mঞm;�bv�Ѵ;vv�|_-m�Ɛѷ�o=�|_;�ro|;mঞ-Ѵ�Ѵovv;v�|o�&|-_��]ub1�Ѵ|�u;ĺ��-v;7�
om�o�u�Cm7bm]vķ��;�u;1oll;m7�|_-|�|_;�&|-_�	;r-u|l;m|�o=��]ub1�Ѵ|�u;�-m7�
oo7�1omঞm�;v�|o�l-bm|-bm�|_;�t�-u-mঞm;�-]-bmv|�|_;��-r-m;v;��;;|Ѵ;ĺ�

��u�Cm7bm]v�v�]];v|�|_;�0;m;C|�|o�&|-_Ľv�-]ub1�Ѵ|�u;�0��l-bm|-bmbm]�
t�-u-mঞm;�bv�]u;-|;u�|_-m�|_;�1ov|�|o�t�-u-mঞm;�|_;��-r-m;v;�0;;|Ѵ;�-|�-m�
;vঞl-|;7�1ov|Ŋ0;m;C|�o=�ŪƓѶƏķƏƏƏŊŪƐƑѵķƑƑƑķƐƖƖ�bm�ƑƏƑƕĺ�

$_bv�u;rou|��-v�ru;r-u;7�0�Ĺ

"-u-_��-m;��u�m7omķ�vf]u�m7omŠ]l-bѴĺ1ol

��7vom�"1_�l1h;uķ�_�7vomĺv1_l�1h;uŠ]l-bѴĺ1ol

Aggregate Cost-Benefit Analysis  
of Japanese Beetle on Turf and Corn in Utah

�;m;C| ƑƏƑƕ

 Corn Yield / Revenues Saved $1,618,098.04

Savings of replacement for turf based on total 
possible turf in Urban areas in Utah (Based 
on 20% damage)

$124,604,101.12  

 TOTAL $126,222,199.17 

�ov| ƑƏƐƖ ƑƏƑƕ

Overall Estimated Cost to 
Quarantine (Government cost 
to trap beetles, Government 
cost of insecticides, etc.)

$60,000.00 $480,000.00

TOTAL $(480,000.00)
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Appendix D 

Economic Terminology 

Opportunity Cost: The opportunity cost of a decision made is the foregone benefits (loss of po-

tential gains) of an alternative decision. It is the lost value of the next best alternative of allocat-

ing recourses (funds) when a decision is made.  

Cost-Benefit Analysis (CBA): a methodology for estimating all costs and potential benefits of a 

decision measured in monetary terms to determine the net social benefit to society. Allows for 

more efficient resource allocation by making rational decisions.  

Benefit-Cost Ratio (B-C): The benefit to cost ratio states for every $1 spent the benefit will be 

equal to $ F$3$72%
G'H%

. Shows the relationship between the benefits and costs of a decision, expressed 

in monetary terms.  

Free-Rider Problem: A market failure that occurs when some individuals benefit from using 

resources and public goods, but do not pay for them. Whoever pays for the resource’s gains, but 

those who do not pay also gain.  

Public Good: Goods that are non-rival, consumption of the good by one individual does not pre-

vent others from consuming and non-excludable, non-paying consumers cannot be excluded 

from using the good.  

Economic Efficiency: When scarce resources are optimally allocated in a way the minimizes 

waste (inefficiency). The economy is pareto optimal (any change would leave some individuals 

worse off). It also occurs when a good or service is produced at the lowest possible cost.  
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Economic Costs/ Damages/ Social Costs: the social cost includes the tangible monetary costs to 

quarantine (i.e., cost of pesticides, labor, etc.) and external costs to society that would occur from 

not providing the public good.  

Social Benefits: these are the benefit to society that are positive externalities (meaning the mar-

ket fails because the good or service is underproduced) providing the public good.  


