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Cover Crop Cost-Share Programs in Iowa: Do they work?
Wendiam Sawadgo and Alejandro Plastina
wps0015@aces.edu; plastina@iastate.edu

FARMERS OFTEN use cover crops 
for their soil health benefits. 
However, the benefits of cover 

crops go beyond the farm, as they have 
been shown to reduce nutrient pollution 
from fields to waterways through 
leaching or runoff. As such, cover crops 
have been extensively promoted as a way 
to improve Iowa’s water quality. However, 
as of 2017, cover crops were used on only 
4% of Iowa cropland (see figure 1). 

This low adoption rate is likely 
in part due to the high costs of 
implementing cover crops, which have 
been found to amount to $40 per acre, 
mostly from the added cost to plant cover 
crops. To help farmers partially cover this 
extra cost, cost-share programs from the 
Iowa Department of Agriculture and Land 
Stewardship, USDA National Resources 
Conservation Service, and other sources 
pay farmers a fixed per-acre amount 
to plant cover crops. The question 
remains—are cost-share programs 

effective at increasing cover crop use 
or would the participants of cost-share 
programs have planted cover crops 
regardless? If farmers are not planting 
additional acres of cover crops due to the 
cost-share payment, then these programs 
simply act as a cash transfer and do not 
lead to increased environmental benefits.

To test the effectiveness of cost-share 
programs, we use data from an Iowa 
State University producer survey and the 
2012 Census of Agriculture. The Upper 
Midwest regional office of the National 
Agricultural Statistics Service (NASS) 
mailed the survey to 1,250 operators 
in 2017 and received 674 responses. 
The survey asked detailed questions 
on agricultural practices relating to the 
planting and termination of cover crops, 
farmers’ experiences with cover crops, 
and cost-share payments. The sample 
used in our analysis has about the same 
number of cover crop users and non-
users in 2015 (208 vs. 199, respectively). 
About 40% of cover crop users received 

cost-share payments that averaged $26 
per acre.

After accounting for factors, such as 
differences in past cover crop area, farm 
size, rented farmland, and presence of 
livestock or poultry, we find that cost-
share recipients planted an additional 
15% of their farmland to cover crops 
than they would have had they not 
received cost-share. We calculate that 
54% of cost-share funded acres were 
additional, meaning that over half of 
farmland in cost-share programs funded 
cover crop acreage that would not have 
been planted without payment. This 
suggests that although a large chunk of 
spending went to acreage that would 
have had cover crops regardless, there 
was a significant amount of farmland that 
was planted to cover crops due to the 
cost-share programs. Using state data for 
cover crop cost-share expenditures and 
cover crop acreage, we estimate that cost-
share programs led to 172,000 additional 
cover crop acres in 2015.
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Figure 1. Percentage of cropland in cover crops by county in Iowa, 2017.
Source: 2017 Census of Agriculture, USDA-NASS.

Lastly, we consider the costs of 
achieving environmental gains by 
estimating the cost of reducing each 
pound of nitrogen loss through cover 
cropping. We use results from a study 
that looks at the effectiveness of cover 
crops at reducing nitrogen loss in 
central Iowa and estimate that cover 
crop use helped avoid 3,078–8,405 tons 
of nitrogen loss in Iowa in 2015. We 
combine these values with the public 

cost-share expenditures in 2015 and 
our survey estimates of what farmers 
spent on cover crops. We find that the 
cost of avoiding one pound of nitrogen 
amounted to $1.59–$4.33, with cost-
share funding paying for 32% of this cost 
and farmers covering the remaining 68% 
(figure 2a). The large farmer portion 
comes because almost half of the state’s 
cover crop acreage was self-funded, and 
even cost-share participants saw net 

32%

27%

41%

Cost-share payments
Costs borne by farmers who receive cost share
Costs borne by farmers who do not receive cost share

(a) Cover crop funding by source in Iowa

29%

71%

Cost share Other

Figure 2. How does cost share impact Iowa cover crop payments and impacts? 

(b)Nitrogen loss avoided from additional area in cover 
crops due to cost share

annual losses of $23 per acre from using 
cover crops after accounting for the cost-
share payments. In all, farmers were 
estimated to contribute $18.28 million 
statewide to funding cover crops and the 
public contributed $8.4 million through 
cost-share funding. 

On farmland funded through cost-
share, the public cost of avoiding nitrogen 
loss beyond what would have occurred 
in the absence of cost-share programs is 
estimated to be $1.72–$4.70 per pound 
of nitrogen. Overall, 29% of the state’s 
nitrogen loss that was avoided due to 
cover crops would not have occurred 
in the absence of cost-share programs 
(figure 2b).

How does this compare to other 
states?
Iowa has the second-largest state cost-
share program for cover crops in terms of 
acreage enrolled, only behind Maryland. 
When comparing Iowa to Maryland, prior 
studies find that Maryland has a larger 
proportion of its cost-share acreage that 
would not use cover crops in absence of 
cost-share funds. However, the public 
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China's Changing Population Structure and its Implications for 
US Agricultural Exports
Xi He and Wendong Zhang
xihe@iastate.edu; wdzhang@iastate.edu

ON MAY 11, 2021, China released 
the findings from its seventh 
national population census, 

which shows that its population totaled 
1.41 billion in 2020 with an average 
annual growth rate of 0.053% since 
2010, the lowest ten-year growth rate 
since its first population census in 1953.1 
China’s population structure is also 
changing—a growing share of residents 
are older than 65 and the birth rate is 
declining. Specifically, China’s total new 
births sharply declined by around 18%, 
from 14.65 million in 2019 to 12 million 
in 2020, despite some skepticism that the 
birth rates might be overreported and 
the death rates may be underreported. 
On May 31, 2021, China announced that 
it will allow couples to have up to three 
children and will provide supportive 
measures to improve its population 
structure and to actively cope with 
an aging population after scrapping 
its decades-old one-child policy and 
adopting a two-child policy in 2016 (BBC 
2021).

As one of the major destinations of 
US agricultural exports,2 China’s changing 
population structure and growing 
economic development have important 
implications for its agricultural and food 
import demand from the United States.

China’s evolving population policies 
and landscape
China’s population policies have gone 
through several dramatic changes 
since the 1950s. In the early 1950s, 
China adopted various policies to 
encourage fertility to meet the human 
power needed for its industrialization. 
However, the substantial social and 

economic burdens associated with the 
fast-growing population made China 
adopt a one-child policy in 1980. With 
the gradually declining fertility rate and 
aging population, China relaxed the one-
child policy to allow couples to have two 
children starting January 2016. In May 
2021, China announced a policy allowing 
couples to have three children after the 
seventh national population census 
showed a steep decline in births.

Figure 1 shows China’s population 
in three age groups, 0–14, 15–64, and 
65+, from 1990 to 2020. Over this period, 
China’s total population increased by 
around 23%. However, the population 
aged 65+ was the primary force behind 
this growth, with population aged 
0–14 decreasing by around 20% and 
population aged 15–64 increasing by 

around 27%.

US major trading partners’ incomes 
and population structures
Table 1 shows major US agricultural 
export destination countries’ incomes 
and population structures. A notable 
pattern is that developed countries, 
such as Canada, Japan, Korea, and the 
Netherlands, have a higher share of 
population aged 65 and above and a 
lower share of population aged 0–14 
than developing countries, such as 
China, Mexico, Vietnam, the Philippines, 
and Indonesia. This pattern and the 
trend in figure 1 indicate that China’s 
population structure is growing more like 
a developing country.
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Figure 1. China’s population by age groups, 1990–2020.
Source: National Bureau of Statistics of China (NBSC 2021).

1 China conducted population censuses in 1953, 1964, 1982, 1990, 2000, 2010, and 2020.
2 The United States exported around 20% of its $162 billion in agricultural products to China in 2020 (USDA 2021).
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Iowa's Role in US Agriculture
Lee Schulz and Chad Hart
lschulz@iastate.edu; chart@iastate.edu

WHILE 2020 was a 
challenging year in many 
aspects, several features of 

Iowa agriculture remained consistent. 
Iowa continues to lead the nation in 
numerous agricultural production 
categories—corn and soybean 
production was robust despite the 
combined impacts of the drought and 
the derecho and meat production 
continued to build despite issues in 
processing capacity. The strength in 
Iowa’s agricultural production base is 
expected to extend through 2021.

Iowa’s crops
The 2020 calendar year seemed to 
have a crisis around every corner, 
from COVID outbreaks and panic 
runs on food and grocery items to the 
derecho that swept through Iowa and 
the drought, which still potentially 
looms over crop production this year. 
Through it all, Iowa’s agricultural 
producers brought forth a bountiful 
harvest. Corn production in Iowa once 
again led the nation at roughly 2.3 
billion bushels, which represents 16% 
of the national corn crop. Soybean 
production totaled 494 million 
bushels, the second-highest in the 
nation behind Illinois. 

The prospects for increased 
production hinge on weather 
concerns. The drought of 2020 has 
extended to become the drought of 
2021. USDA’s current estimates utilize 
their weather-adjusted trendline 
yields. Given the acreage from the 
March Prospective Plantings report, 
USDA estimates national corn 
production at 14.99 billion bushels 
and national soybean production at 
4.4 billion bushels. At those levels, 
the corn crop would be the largest on 

record and the soybean crop would be 
the third-largest. At this early stage 
in the growing season, USDA has not 
incorporated any impacts from the 
drought conditions.

Figure 1 shows the Iowa drought 
situation near the end of May. At the 
beginning of May, roughly 75% of 
the state was considered abnormally 
dry. Within the first week of May, the 
dry area expanded to almost 79% 
of the state. Since then, however, a 
combination of Gulf moisture and 
a series of weather fronts from the 
northwest have provided some needed 
rains for Iowa crops. While the rains 
have not significantly impacted 

the driest parts of the state, the 
abnormally dry areas are retreating. As 
of May, only 62% of Iowa was covered 
by some category on the drought 
monitor.

Given the March planting 
intentions, Iowa producers will be 
looking for better yields to replace 
a reduction in corn plantings. For 
2021, Iowa producers are expected 
to plant 13.2 million acres of corn, 
down 400,000 acres from 2020. The 
drier conditions allowed producers to 
plant rapidly this spring and the recent 
rains have the corn crop off to a good 
start, with 19% of the crop rated as 

None
D0 Abnormally Dry
D1 Moderate Drought

D2 Severe Drought
D3 Extreme Drought
D4 Exceptional Drought

Intensity:

Author:
Adam Hartman
NOAA/NWS/NCEP/CPC droughtmonitor.unl.edu

Figure 1. Iowa drought monitor, May 25, 2021.
Sources: USDA, NDMC, NOAA.
Note: The Drought Monitor focuses on broad-scale conditions. Local conditions may vary. For more 
information on the drought monitor, go to https://droughtmonitor.unl.edu/About.aspx.

continued on page 11
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The Origins of Talent in Rural and Urban Iowa
John V. Winters
winters1@iastate.edu

A LARGE majority of Iowa 
residents and talented 
individuals are homegrown. 

This is especially true among self-
employed workers, non-metropolitan 
residents, and self-employed persons 
in agriculture, which highlights the 
importance of nurturing talent in 
Iowa, especially for non-metropolitan 
areas and the agriculture sector. 
Furthermore, many other states share 
a similar dependence on homegrown 
talent, and thus are wise to nurture 
that talent. 

Human talent is critical for 
economic prosperity in both rural and 
urban areas. Formal education and 
entrepreneurship are widely viewed 
as major components of human talent, 
and stakeholders often advocate for 
policies to increase levels of education 
and entrepreneurship at the local, 
state, and national level (Acs 2006; 
Ma et al. 2016). Talented workers are 
especially geographically mobile, and 
the financial rewards to human talent 
are higher in large metropolitan areas, 
making them more attractive locations 
for potential migrants with scarce skills 
(Wozniak 2010; Autor 2019; Winters 
2020a). Thus, non-metropolitan areas 
are often especially concerned about 
their ability to attract and retain talent. 
Similarly, states with high percentages 
of their population residing outside 
of large metropolitan areas worry 
about large numbers of more-educated 
residents moving to other states and 
from non-metropolitan to metropolitan 
areas within the state (brain drain). 

Some brain drain is inevitable, but 
skilled individuals are not completely 
untethered. Individuals often have 
unique attachments to their home 
areas (Winters 2020b). In particular, 

the majority of adults in the United 
States live in the same state in which 
they were born. Similarly, human talent 
is disproportionately homegrown 
in many states; that is, the majority 
of talented individuals residing in a 
state were born in that state. This is 
especially true for states that may be 
less attractive to in-migrants—their 
levels of human talent are heavily 
dependent on the human talent that 
they nurture within the state.

This article uses American 
Community Survey (ACS) microdata 
obtained from IPUMS-USA (Ruggles et 
al. 2019) to look at the birthplaces of 
Iowa residents, focusing on the origins 
of human talent in non-metropolitan 
areas and metropolitan statistical areas 
(MSAs). I pool the 2015–2019 ACS data 
to increase sample size and estimation 
precision. Table 1 shows that 67.3% 
of Iowa adult residents were born in 
Iowa, with the percentage of adult 
residents born in Iowa being higher 
for non-MSAs (70.9%) than MSAs 
(62.2%). Thus, Iowa is very dependent 
on homegrown talent, and this is 
especially true of non-metropolitan 
areas in the state. 

Table 1 also looks at more specific 
groups of human talent including 
college graduates and self-employed 
persons. College graduates are 

 

  
Iowa 

Residents 
Non-MSA 
Residents 

MSA 
Residents 

All Adults Ages 22+ 67.3% 70.9% 62.2% 
College Graduates 61.3% 69.0% 58.1% 
Self-Employed Persons 73.9% 80.4% 64.1% 
Non-Agricultural Self-Employed Persons 69.9% 76.4% 61.6% 
Agricultural Self-Employed Persons 87.8% 88.2% 86.4% 
Self-Employed College Graduates 66.7% 76.0% 60.5% 

 
 

Table 1. Percentage of Iowa Residents Born in Iowa for Selected Groups

Source: Author's estimates from the 2015–2019 American Community Survey. All estimates are limited 
to ages 22 and older. College graduates are defined as persons with a bachelor's degree or higher level of 
education.

continued on page 10

especially geographically mobile, and 
not surprisingly, a higher percentage 
of college graduates in Iowa are born 
outside the state than among the 
general adult population. Still, 61.3% 
of college graduates in Iowa were born 
in the state—69.0% for non-MSAs and 
58.1% for MSAs.  

Self-employed persons in Iowa 
are disproportionately likely to be 
homegrown—73.9% of entrepreneurs 
residing in Iowa were born in the state. 
The corresponding rate is a whopping 
80.4% in non-MSAs compared to 64.1% 
in MSAs. Thus, Iowa’s entrepreneurs 
are very disproportionately likely to 
be native Iowans, especially in non-
metropolitan areas. Of course, many 
self-employed persons in Iowa are 
in the agriculture industry, so I next 
divide self-employed persons into 
agricultural and non-agricultural 
industries to better understand the 
data. Among non-agricultural self-
employed in Iowa, 69.9% were born in 
Iowa, with rates of 76.4% and 61.6% 
for non-MSAs and MSAs, respectively. 
Thus, non-agricultural self-employed 
are again disproportionately likely 
to be homegrown, especially in non-
metropolitan areas. For agricultural 
self-employed in Iowa, 87.8% were 

mailto:winters1%40iastate.edu?subject=Spring%202021%20Agricultural%20Policy%20Review%20Article
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Will Iowa Farmland Values Continue to Rise?
Wendong Zhang
wdzhang@iastate.edu

THE FARMLAND market and the 
agricultural economy have seen 
a remarkable ride over the past 

year—the world shut down in early 
2020 with unprecedented uncertainty 
and anxiety; however, the agricultural 
commodity markets and the land 
market have gained noticeable strength 
since fall 2020. Record government 
support, historically low interest rates, 
and surging agricultural exports led to 
a near-10% hike in farmland values for 
almost all Midwestern states. 

Table 1 presents the two most 
recent quarterly surveys of agricultural 
lenders by the Federal Reserve Banks of 
Kansas City and Chicago. Non-irrigated 
cropland values in Kansas, western 
Missouri, and Nebraska saw 8%, 12%, 
and 8% growth, respectively, from 
the first quarter of 2020 to the first 
quarter of 2021; and Illinois, Indiana, 
and Wisconsin also saw 4%, 8%, and 
8% annual growth, respectively, since 
April 2020. Focusing on Iowa, according 
to the May 2021 Chicago Fed Ag Letter, 
on average, "good" Iowa farmland saw 
a 4% increase from January 1, 2021, to 
April 1, 2021 (Oppedahl 2021), which 
represents an overall 10% increase from 
April 1, 2020, to April 1, 2021. Across 
Iowa, Northeast Iowa saw the most 
significant hike—7%—since January 
2021, whereas central Iowa only grew 
1% in the first quarter of 2021. 

Put simply, land value equals 
income divided by interest rate. The 
recent increase in land value is largely 
attributable to record-level federal ad 
hoc payments, drastic cuts in interest 
rates by the Federal Reserve, recent 
surges in agricultural exports and 
the resulting commodity prices, and 
limited land supply. Thanks to the 
strong government payments and 

late-fall surges of Chinese agricultural 
purchases, cash corn and soybean prices 
in March 2021 are 33% and 56% higher, 
respectively, than one-year-ago levels. At 
the same time, over the past year, only 
72,275 acres of Iowa farmland were sold 
at auctions, suggesting a tight supply 
in the land market. The limited land 
supply situation probably will remain 
even with rising concerns about estate 
tax reforms, 1031 exchange, stepped-
up basis, and capital gains taxes for 
farmland sales. Our recent research 
further shows that the large cut in the 
interest rate in 2020 by the Federal 
Reserve will fully offset the 2015–2018 
interest rate hikes, and the net effects of 
interest rate changes on farmland values 
will become positive beginning in 2021 
(Basha, Zhang, and Hart 2021). 

The Iowa and Midwest farmland 
markets have been in modest decline 
since the 2013 peak, and the land 
values in Iowa have been fairly steady 
for the past three-to-four years 
before this recent ramp-up. Although 
the current land values are still less 
than the 2013 peak, the surging crop 
and land prices offer optimism to 
landowners, producers, and agricultural 

professionals, and once again proves 
the resiliency of agricultural real estate 
values. On May 19, 2021, after the 
cancellation of the 2020 conference 
due to COVID-19, we held the 93rd Soil 
Management Land Valuation (SMLV) 
conference virtually via Zoom. Following 
the annual tradition since 1964, we 
invited conference attendees to provide 
estimates on land value trends and crop 
prices in an online survey. We received 
short- and long-term estimates for land 
and crop prices from 124 agricultural 
professionals (see table 2). For each 
observation, we calculated the yearly 
percent change from the respective 
May 2021 estimate. We did this 
transformation because the percentage 
change estimates are more transferrable 
than land value estimates with other 
data sources.

Overall, agricultural professionals 
expect a continuation of the growth 
spree in farmland values in their local 
service areas over the next 18 months. 
In particular, they forecast an average 
5.7% increase in land values from May 
1 to November 1, 2021. They further 

Kansas City Fed Ag Credit Survey Chicago Fed Ag Letter 
Q1 2020 to Q1 2021 April 2020 to April 2021 

States Non-
irrigated 

Cropland 

Irrigated 
Cropland 

Ranchland States “Good” 
Farmland 

Kansas +8% +13% +11% Illinois +4% 
Western 
Missouri 

+12%  +13% Indiana +8% 

Mountain 
States 

0% -2% 0% Iowa +10% 

Nebraska +8% +9% +1% Michigan  
Oklahoma +5% +7% +4% Wisconsin +8% 
Tenth 
District 

+8% +8% +8% Seventh 
District 

+7% 

 

Table 1. Farmland Values across the Midwest from Federal Reserve Bank 
Surveys

Sources: Oppedahl (2021), Cowley and Kreitman (2021). 

continued on page 13
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Potential Adoption of Managed Aquifer Recharge Systems in 
the Corn Belt Region
Philip W. Gassman and Adriana Valcu-Lisman
pwgassma@iastate.edu; adriana.valcu-lisman@usda.gov

MANAGED AQUIFER recharge 
(MAR) is a technique for 
improving groundwater 

recharge and maintaining aquifer 
levels to support water storage for 
water treatment systems and irrigation 
for agricultural production or other 
water needs. MAR is an effective buffer 
against future fluctuations in water 
demand, drought, and climate change. 
MAR systems include bank filtration, 
infiltration ponds/galleries, percolation 
tanks, and aquifer storage and recovery 
(ASR) wells (Page et al. 2018; Dillon et 
al. 2019; Alam et al. 2021). In the United 
States, MAR system use has increased 
for several reasons including water 
shortages, greater need for reliable 
seasonal water sources, and favorable 
costs (Bray 2020; Page et al. 2018; 
Pyne 2005). Dillon et al. (2019) report 
that average annual total MAR volume 
in the United States was 2,569 Mm3/
year in 2015. However, wider adoption 
of MAR systems has been hindered by 
uncertainty in determining appropriate 
site conditions and MAR method (Alam 
et al. 2021), lack of economic data 
(Maliva 2014), and legal, policy, and/or 
environmental issues (Bray 2020). 

ASR wells (see figure 1) are the 
most widely adopted type of MAR 
system in the United States (Jennings 
et al. 2021), and consist of a single well 
that is used to: (a) inject water into an 
aquifer for storage; and, (b) retrieve the 
stored water to supply drinking water 
or meet other needs. The highest use 
of ASR wells has been documented in 
Florida, California, New Jersey, Arizona, 
and Oregon (Bloetscher et al. 2014), 
primarily for municipal purposes. The 
most advanced ASR system in the Corn 

Belt region is five wells (see table 1) 
managed by Des Moines Water Works 
(DMWW) and City of Ankeny Water 
Utility within the DMWW water supply 
system that serves 500,000 customers in 
central Iowa (Gassman 2021). 

Implementation of MAR systems 
for agricultural purposes has been 
more limited across the United States. 
Several MAR systems focused partially or 
completely on agricultural applications 
have been developed in semi-arid or 
arid regions in the US Southwest. For 
example, the Central Arizona Project 
(CAP) water banking system diverts 
>1,850 million cubic meters of Colorado 
River water annually (depending on 
availability), to recharge aquifers in 
support of the Phoenix and Tucson 

metropolitan areas, irrigated agriculture, 
and sovereign Native American Nations 
(Megdal, Dillon, and Seasholes 2014). 
Several different recharge methods are 
used as part of the CAP system including 
infiltration (spreading) basins, injection 
wells, infiltration galleys, and in-channel 
recharge (Megdal, Dillon, and Seasholes 
2014). Infiltration basins, likely the first 
MAR system used in California (Dahlke 
et al. 2018), have been used since the 
1960s to recharge aquifers in the Central 
Valley of California (Scanlon et al. 2016) 
(see figure 2). In the far western Corn 
Belt region, irrigation canals or wetlands 
are being used in three Nebraska Natural 
Resource Districts (NRDs) to recharge 
aquifers for irrigation purposes and also 

 

Figure 1. Schematic of injected treated recharge water, storage in a 
confined aquifer with surrounding buffer zone and native (original) ground 
water, and recovery of recharged water during high demand periods for an 
ASR system.
Source: TRWD (2021).

continued on page 12
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Bulk agricultural total Intermediate agricultural total

Consumer-oriented agricultural total Agricultural-related product total

High income Upper-middle income Lower-middle income Low income

Figure 2. US exports of agricultural commodities to countries with different income levels.
Note: Based on data from USDA GATS (2021). We use World Bank’s classification to classify countries into different income groups and use USDA’s definition of 
agricultural products and classification of agricultural product categories.

US trading partners’ evolving 
agricultural imports

To understand how China’s population 
dynamics will affect its agricultural 
imports from the United States, we look 
at US agricultural trading partners’ 

population structure and composition 
of food imports from the United States. 
Figure 2 illustrates US exports of four 
agricultural categories—bulk (e.g., 
corn, soybeans, wheat), intermediate 
(e.g., soybean meal and soybean oil), 
consumer-oriented (e.g., pork and beef 
products), and agriculture-related 
products (e.g., seafood and forestry 
products)—to high-income, upper-
middle-income, lower-middle-income, 
and low-income countries from 1990 to 
2020. 

There are several patterns worthy of 
attention. First, US agricultural exports 
to upper-middle-income countries 
increased quickly since 2000 and 
gradually surpassed exports of the same 
to high-income countries. The main 
reason being that China is an upper-
middle-income country and largely drives 

China's Changing Population
continued from page 3

3 Agricultural related products are excluded from the analysis due to small sample size.

Partner 

2020 
Agricultural 
export value 

(Billion 
dollars) 

2019 GDP 
per capita 
(Thousand 

dollars) 

2019 
Population 

(Million) 

Share of 
population 
aged 0–14 

Share of 
population 
aged 15–
64 

Share of 
population 
aged 65+ 

China 28.8 10.2 1397.7 17.8% 70.7% 11.5% 
Canada 25.2 46.2 37.6 15.8% 66.5% 17.6% 
Mexico 19.0 9.9 127.6 26.2% 66.4% 7.4% 
Japan 12.9 40.2 126.3 12.6% 59.4% 28.0% 
Korea, South 8.3 31.8 51.7 12.7% 72.2% 15.1% 
Vietnam 3.8 2.7 96.5 23.2% 69.2% 7.6% 
Netherlands 3.7 52.3 17.3 15.9% 64.5% 19.6% 
Philippines 3.2 3.5 108.1 30.5% 64.2% 5.3% 
Indonesia 2.9 4.1 270.6 26.2% 67.7% 6.1% 
World Total 162.3 17.8 311.5 27.4% 63.5% 9.0% 

 

Table 1. Major US Agricultural Export Destination Countries’ Incomes and 
Population Structures in 2019

Source: USDA GATS (2021) and World Bank (2021). Note that trade data is from 2020, while the popu-
lation and GDP per capita data are from 2019 as that is the most recent year with data available on the 
share of population among different age groups.
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  (1) (2) (3) (4) (5) 

  

All 
agricultural 

products 

All 
agricultural 

products 
Bulk 

products 
Intermediate 

products 

Consumer-
oriented 
products 

Log of tariff -0.047*** -0.047*** -0.025*** -0.039*** -0.061*** 

 (0.002) (0.002) (0.004) (0.003) (0.002) 
Log of population in destination 

 
0.245***     

 (0.016)     
Log of population aged 0-14 in 
destination country  -0.738*** -0.700*** -0.760*** -0.563*** 

  (0.022) (0.077) (0.040) (0.028) 

Log of population aged 15-64 in 
destination country  0.765*** 0.569*** 0.829*** 0.718*** 

  (0.022) (0.079) (0.040) (0.027) 

Log of population aged 65+ in 
destination country  -0.326*** -0.169** -0.462*** -0.275*** 

  (0.019) (0.069) (0.034) (0.024) 
Log of GDP per capita in 
destination country 0.555*** 0.508*** 0.318*** 0.456*** 0.663*** 

 (0.012) (0.012) (0.040) (0.020) (0.015) 

Square of Log of GDP per capita 
in destination country -0.083*** -0.088*** -0.070*** -0.086*** -0.107*** 

 (0.002) (0.002) (0.008) (0.004) (0.003) 
Log of exchange rate -0.076*** -0.079*** -0.050*** -0.081*** -0.072*** 

 (0.003) (0.003) (0.008) (0.004) (0.004) 
Temperature -1.173*** -0.784*** -1.664* -0.854* -0.411 

 (0.265) (0.266) (0.935) (0.437) (0.337) 
Square of temperature 0.122*** 0.084** 0.249* 0.069 0.045 

 (0.036) (0.036) (0.129) (0.060) (0.046) 
Precipitation -0.065*** -0.039*** -0.007 -0.042** -0.025** 

 (0.011) (0.011) (0.044) (0.020) (0.012) 
Square of precipitation 0.009*** 0.008*** 0.002 0.010*** 0.004** 

 (0.001) (0.002) (0.006) (0.003) (0.002) 
RTA partners with the U.S. 0.013** 0.008 0.005 -0.043*** 0.046*** 
  (0.005) (0.006) (0.019) (0.010) (0.007) 
Country fixed effects Y Y Y Y Y 
HS-6 fixed effects Y Y Y Y Y 
Year fixed effects Y Y Y Y Y 
Number of observations 1,007,979 1,007,979 101,119 316,772 519,170 
 

Table 2. Gravity Model Estimation Results of US Agricultural Exports, 
1990–2019

Note: We use Poisson pseudo-maximum likelihood, which can address zero trade flows and heteroske-
dasticity in the estimation. The outcome is the logarithm of US export quantity. We use US agricultural 
export data of 761 agricultural commodities to 136 countries at the six-digit HS code level from 1990 
to 2019 (USDA GATS 2021). Tariff data come from the TRAINS dataset at United National Conference 
on Trade and Development (UNCTAD 2021). Data on population, GDP, weather, and exchange rate come 
from the World Bank (World Bank 2021). Note that because we include country fixed effects, the impacts 
of country-invariant factors, such as distance from the United States, cannot be estimated.

US exports to upper-middle-income 
countries. Second, the composition of 
US exports to high- and middle-income 
countries is quite different. While 
consumer-oriented products accounted 
for the largest, and a growing share of, 
high-income countries’ imports from the 
United States, bulk products consisted 
of the lion’s share of middle-income 
countries’ imports from the United States. 
If China’s GDP per capita continues to 
grow, China’s demand for US agricultural 
products might shift from bulk products 
to consumer-oriented products.

A gravity model analysis of 
population and income on US 
agricultural exports
We use the gravity model to quantify the 
impacts of population and income levels 
on US agricultural exports based on US 
exports of 761 agricultural products 
at the six-digit HS code level to 136 
countries from 1990 to 2019. Table 2 
presents the Poisson pseudo-maximum 
likelihood estimation results. We 
separately present the estimation results 
for bulk, intermediate, and consumer-
oriented products.3 Column (2) shows 
that a 1% increase in tariffs decreases 
US export quantity by 0.05%, and GDP 
per capita in the destination country 
has an inverted-U relationship with US 
export quantity. Column (2) also shows 
that while a 1% increase in population 
aged 15–64 increases exports by 0.77%, 
a 1% increase in the population aged 
0–14 and 65+ decreases exports by 
0.74% and 0.33%, respectively, indicating 
that China’s aging population might 
decrease its food demand from the 
United States. In addition, excessive 
heat and strong exchange rates increase 
food demand from the United States. 
Export elasticity with regard to GDP is 
largest for consumer-oriented products, 
which indicates that income growth 
will increase demand for consumer-
oriented products more than bulk and 
intermediate products. 

Based on these estimates, China’s 
income growth will likely continue to 
increase its food imports from the United 
States, with the largest increase being 
in consumer-oriented products. China’s 
growing aging population and dwindling 
labor force aged 14–65 will reduce its 
food demand from the United States, 
possibly with a demand shift from bulk 
products to consumer-oriented products.

Conclusions
With an aging population and a declining 
fertility rate, China’s population pattern 
increasingly resembles developed 
countries. Based on the comparison of 
major US agricultural trading partners’ 
incomes, population structures, 
agricultural import compositions from 
the United States, and the results from 
a gravity model, we predict that China’s 

continued on page 16
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Origins of Talent in Iowa
continued from page 5

   

  
Iowa 

Residents 
Non-MSA 
Residents 

MSA 
Residents 

A. All Adults Ages 22+    
Born in Iowa 67.3% 70.9% 62.2% 
Born in Neighbor State 13.4% 13.9% 13.6% 
Born in Rest of U.S. 12.3% 10.3% 14.3% 
Foreign Born 7.0% 4.9% 9.9% 
B. College Graduates    
Born in Iowa 61.3% 69.0% 58.1% 
Born in Neighbor State 16.4% 16.7% 16.8% 
Born in Rest of U.S. 15.0% 10.8% 16.4% 
Foreign Born 7.2% 3.5% 8.7% 
C. Self-Employed Persons    
Born in Iowa 73.9% 80.4% 64.1% 
Born in Neighbor State 11.3% 10.6% 12.6% 
Born in Rest of U.S. 9.4% 5.8% 13.6% 
Foreign Born 5.4% 3.2% 9.8% 
D. Non-Agricultural Self-Employed Persons   
Born in Iowa 69.9% 76.4% 61.6% 
Born in Neighbor State 12.6% 12.0% 13.3% 
Born in Rest of U.S. 11.1% 7.4% 14.5% 
Foreign Born 6.5% 4.2% 10.6% 
E. Agricultural Self-Employed Persons    
Born in Iowa 87.8% 88.2% 86.4% 
Born in Neighbor State 7.1% 7.9% 6.3% 
Born in Rest of U.S. 3.5% 2.7% 4.7% 
Foreign Born 1.7% 1.2% 2.6% 
F. Self-Employed College Graduates    
Born in Iowa 66.7% 76.0% 60.5% 
Born in Neighbor State 16.2% 15.9% 17.2% 
Born in Rest of U.S. 12.0% 6.7% 14.6% 
Foreign Born 5.0% 1.3% 7.7% 

 
 

Table 2. Iowa Adult Residents by Birth Place

Source: Author's estimates from the 2015–2019 American Community Survey. All estimates are limited 
to ages 22 and older. College graduates are defined as persons with a bachelor's degree or higher level of 
education.

born in Iowa, with rates of 88.2% 
and 86.4% for non-MSAs and MSAs, 
respectively. Thus, the percentage of 
homegrown talent is remarkably high 
for the agricultural self-employed.

The final row in table 1 shows rates 
for self-employed college graduates. 
These educated entrepreneurs may 
be especially successful at building 
and growing their businesses (Levine 
and Rubinstein 2017). Among all self-
employed college graduates in Iowa, 
66.7% were born in the state. The 
corresponding rate is 76.0% in non-
MSAs and 60.5% in MSAs.

Table 2 provides more detail 
about the origins of Iowa residents 
born outside the state. I discuss only 
the highlights for brevity. Persons 

born outside of Iowa are divided 
into three groups based on their 
birthplace—neighboring states, the 
rest of the United States, and foreign 
born. Neighboring states are those that 
share a border with Iowa and include 
Illinois, Minnesota, Missouri, Nebraska, 
South Dakota, and Wisconsin. Overall, 
these six neighboring states combine 
to produce more future Iowa residents 
than the rest of the United States 
combined. Thus, Iowa’s in-migrants 
disproportionately originate from 
neighboring states. Finally, 7.0% of 
Iowa adult residents are foreign born, 
but the rate is only 4.9% in non-MSAs 
compared to 9.9% in MSAs.

Iowa has a distinct climate, culture, 
and combination of local amenities 
that likely make it on average a more 
attractive location to native Iowans 

and persons from nearby states with 
similar characteristics than to persons 
born in distant states or foreign 
countries. This is especially important 
for rural areas and smaller cities and 
towns in Iowa. Natives and nearby 
neighbors have greater familiarity, 
appreciation, and adaptation to 
the charms and challenges of living 
in Iowa. Iowa does receive some 
in-migrants, including from other 
countries, and should continue to 
welcome and support all who seek to 
flourish in the state. However, Iowa’s 
human talent levels and prosperity 
are heavily dependent on native 
Iowans and likely will be for the 
foreseeable future. Thus, it behooves 
Iowa to continue investing in and 
nurturing human talent already in 
the state including via education and 
entrepreneurship. 
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“Excellent” and 62% rated as “Good” at 
the beginning of June. If the state can 
achieve trendline yields, Iowa’s corn 
production would once again reach 2.4 
billion bushels.

The land in Iowa that did not 
return to corn production went to 
soybean production. Iowa producers 
are expected to plant 9.8 million acres, 
up 400,000 acres from 2020. As with 
corn, planting pace was supported 
by the dry conditions and crop 
emergence has been helped by the 
recent precipitation. The early ratings 
for the crop show 16% of soybeans 
as “Excellent” and 60% are in “Good” 
condition. At trendline yields, Iowa 
would produce roughly 540 million 
bushels.

Iowa’s role in US meat production
Iowa has consistently had a prominent 
role in US meat production. In 
2020, Iowa accounted for 16.1% of 
the nation’s commercial red meat 
production—roughly 9 billion pounds 
of meat, an increase of nearly 375 
million pounds from 2019. The data 
is not complete enough to detail how 
much of Iowa's red meat production 
is beef, veal, pork, or lamb and 
mutton. The statistics indicate where 
slaughter occurs, not necessarily 
where farm production happens. For 
example, a large share of Iowa cattle 
is slaughtered in either Nebraska or 
east of the Mississippi River. Over the 
past two years, Iowa has led the nation 
in commercial red meat production, 
taking back the title from Nebraska 
after a 23 year stretch. From the late 
1970s to the mid-1990s, Iowa was 
consistently the nation’s top meat 
producing state.

Recently, USDA released the Meat 
Animals Production, Disposition 
and Income Annual Summary, which 
provides the annual balance sheet and 

income estimates for cattle and hogs 
by state and nationally and measures 
the total live weight of animals moving 
through the meat production system. 
US production of cattle and calves 
totaled 45.458 billion pounds in 
2020, up 1.9% from 2019. Total 2020 
production of cattle, calves, hogs, and 
pigs in Iowa totaled 15.126 billion 
pounds, down 8.9% from 2019. Iowa 
production rose 0.8% for cattle and 
calves, but dipped 10.3% for hogs and 
pigs. Cattle and calves accounted for 
14.1% of the combined production of 
large meat animals (cattle and hogs) in 
Iowa, up from 12.7% in 2019.

Small packing plants grow
The United States added 13 federally 
inspected (FI) cattle slaughter plants 
in 2020, bringing the total to 683. 
This is the largest number of FI 
cattle slaughter plants since 2004. 
Of these, 446 plants slaughtered 
between 1 and 999 head of cattle 
during 2020, which is a decrease of 
34 plants doing so from 2019. The 
remaining plants did not close, they 
scaled up production—45 more plants 
slaughtered between 1,000 and 9,999 
head of cattle in 2020. However, 
while the number of smaller packing 
plants has grown, they still only 
represent 1.6% of the total FI cattle 
slaughter. The 13 largest plants, each 
slaughtering more than 1 million head 
per year, slaughtered 53.9% of all FI 
cattle. However, that is the smallest 
share of slaughter for the largest 
plants since 2005.

The number of FI cattle plants and 
the number of head slaughtered is not 
reported for Iowa to avoid disclosing 
data for individual operations. Iowa 
has 23 FI packing plants slaughtering 
cattle and calves, hogs, sheep and 
lambs, and goats or bison. Iowa has 
93 other or non-FI livestock slaughter 
plants, which could be plants that sell 
meat and transport only intrastate, 

where state inspectors assure 
compliance with individual state 
standards, or they could be plants 
that do not sell meat but operate on a 
custom processing basis only. Iowa has 
3% of the nation's FI slaughter plants, 
and 5% of the other slaughter plants. 
However, these percentages may grow 
with the renewed interest in more 
localized meat production after the 
events of the past 18 months. 
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Figure 2. Spreading (infiltration) basins used in Kern County, California, at 
the southern end of the Central Valley region to recharge aquifers used for 
groundwater sources. 
Source: Austin (2021).

provide baseflow to the Platte River to 
support ecological streamflow levels 
(Gibson and Brozović 2018). 

Economic issues
Extensive literature exists that 
demonstrates the advantages and 
benefits of MAR schemes in the space 
of water resource management (e.g., 
Pyne 2005; Scanlon et al. 2016; Page et 
al. 2018; Dillon et al. 2019; Alam et al. 
2021; Jennings et al. 2021). However, the 
literature focused on supporting MAR 
economic feasibility is relatively limited, 
which may be one reason that explains 
the lack of wider implementation of 
MAR systems (Maliva 2014). As with any 
investment project, MAR benefits and 
costs need to be assessed and quantified 
in monetary terms. Furthermore, a 
feasible economic project requires that 
the monetary benefits are at least as 
large as the monetary costs. Given the 
multitude of MAR schemes, any economic 
assessment should consider the unique 
characteristics of the scheme such as soil 
characteristics, aquifer storage capacity, 
the water resource location and use, and 
land use constraints, etc.

The costs of MAR schemes can 
be broadly categorized as capital and 
investment costs and operational and 
maintenance costs (Maréchal et al. 
2020). Capital costs can include costs of 
preliminary studies, the cost of buying 
land, and construction costs. In contrast, 
operation costs consist of maintenance 
costs, pre and post-treatment costs, and 
other annual expenses. Ross and Hasnain 
(2018) find that the costs of MARs are 
affected by several additional factors—
the source of end-user water and water 
treatment costs, the range of objectives 
that a scheme has to meet, the scale of 
the project and its economies of scale, the 
operating scheme period and frequency 
utilization, hydrological setting, soil 
and aquifer characteristics, and the 

Table 1. Well Owner, Name, Drilling Date, and Depths for DMWW/Ankeny 
ASR Well Clustera

aSource: IDNR (2020a; 2020b). 
bgpm = gallons per minute; MGD = million gallons per day. 
cWell #4 and well #6 are the names used by the City of Ankeny Water Utility (Buckner 2020). 
dActual productions levels: 1.32 MGD for well #4 and 2.7 MGD for well #6 (Buckner 2020).

Geosam 
# 

Well  
owner 

Well name Drilling  
date 

Bedrock 
depth 

(ft) 

Well 
depth 

(ft) 

Total 
depth 

(ft) 

Recharge 
rate 

(gpmb) 

Production
Capacity 
(MGDb) 

59746 DMWW 
LP Moon  
ASR 11/04/2004 115 2,674 2,674 1,725 3.0 

63127 DMWW 
McMullen  
Treatment  
Plant ASR   

12/20/2006   50 2,518 2,518 1,725 3.0 

81129 DMWW 
Army Post  
Road ASR 
Well 

01/29/2016 28 2,525 2,525 1,725 3.0 

12574 
City of 
Ankeny 

Well #4  
(ASR #1)c 06/22/1961 140 2,522 2,715 

737 to 
770 1.5d 

64763 
City of 
Ankeny 

Well #6  
(ASR #2)c  03/12/2008 270 2,530 2,530 

1,195 to 
1,215 3.0d 

MAR Systems in the Corn Belt
continued from page 7

percentage recovery from storage.
The benefits of a MAR scheme 

derive from the primary purpose of 
the scheme (i.e., ensuring groundwater 
sustainability over time and for later use). 
Thus, measuring the benefits translates 
into monetizing the value of water stored 
and managed with the aquifer. However, 
water is a public good with no close 
substitutes. The value of water depends 
on time, circumstances, availability, 
and water preferences. In addition to 
the direct use value (the actual use of 
groundwater for commercial purposes), 
the water provides benefits from indirect 

use (the benefits from using ecosystem 
services provided by groundwater) and 
the option value (the value ensuring 
the option of using groundwater in the 
future). The direct use values can be 
quantified via the prices observed in the 
markets. However, the non-direct use 
values are difficult to measure in terms 
of market and non-market valuation 
techniques, such as contingent value or 
hedonic property value.

Several types of economic analyses 
can be conducted to evaluate potential 

continued on page 14
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expect land values to rise by 9.2% from 
May 1, 2021, to November 1, 2022, 
which shows an expected increase in 
land values from November 1, 2020, 
to November 1, 2021. Furthermore, 
respondents project the land market to 
continue to stay stable and gradually 
increase from 2022 to 2023. Using 
a national sample of 400 producers, 
the Purdue University Ag Economy 
Barometer reported in May 2021 that 
63% of the surveyed farmers expect 
higher farmland prices in their area 12 
months ahead (Purdue 2021). 

The respondents to the SMLV 
survey have a rosier outlook for long-
run land values—in particular, they 
expect, on average, a 19% increase in 
land values from May 2021 to November 
2025, and a 56% increase in land values 
from May 2020 to November 2040. This 
echoes with the facts that farmland is 
typically a long-term investment and 
that half of land in Iowa is held by the 
same owner for over 20 years. 

Respondents also provided 
estimates for cash corn and soybean 
prices for the near future and forecasted 
a weakening of crop prices, especially 
when compared to May 2021 price 
levels. In a typical marketing year, and 
2020 was not a typical year, crop prices 
enjoy a spring rally due to weather 
or planting concerns, and then have 
lower price levels during harvest time, 
which is likely behind the rationale 
for the lower November 2021 price 
estimates. Interestingly, the respondents 
are more pessimistic about the cash 
corn and soybean prices in 2022 and 
2023, in part due to smaller projected 
government payments and rising 
production costs. In other words, the 
continued optimism of land values did 
not get reflected in the crop market 
outlook, which uses the futures markets 
as the benchmark.

Finally, respondents provided cash 

Description Obs  Mean  Std.Dev.  Min  Max 

Percent change in LV from May 21 to Nov 21 122 5.7% 5.3% -9.1% 27.3% 

Percent change in LV from May 21 to Nov 22 119 9.2% 8.7% -16.7% 36.4% 

Percent change in LV from May 21 to Nov 23 119 11.0% 11.3% -25.0% 45.5% 

Percent change in LV from May 21 to Nov 25 120 19.7% 16.3% -15.0% 75.0% 

Percent change in LV from May 21 to Nov 40 115 55.7% 43.1% -10.0% 212.5% 

Estimated cash corn price May 1, 2021 119  $5.90/bu.   $0.65/bu.   $4.05/bu.  $7.60/bu. 

Estimated cash corn price Nov 1, 2021 119  $5.29/bu.   $0.83/bu.   $4.00/bu.  $8.00/bu. 

Estimated cash corn price Nov 1, 2022 117  $4.92/bu.   $0.98/bu.   $3.50/bu.  $8.50/bu. 

Estimated cash corn price Nov 1, 2023 113  $4.85/bu.   $1.15/bu.   $3.50/bu.  $9.00/bu. 

Estimated cash soybean price May 1, 2021 121  $14.00/bu.   $1.22/bu.   $8.80/bu.  $16.50/bu. 

Estimated cash soybean price Nov 1, 2021 119  $12.93/bu.   $1.40/bu.   $10.00/bu.  $16.50/bu. 

Estimated cash soybean price Nov 1, 2022 115  $12.14/bu.   $1.91/bu.   $9.00/bu.  $20.00/bu. 

Estimated cash soybean price Nov 1, 2023 113  $11.89/bu.   $2.31/bu.   $8.00/bu.  $20.00/bu. 

 

Table 2. 2021 SMLV Estimated Land and Crop Price Forecasts for IowaLand Values in Iowa
continued from page 6

rent estimates for the corresponding 
time horizon, for which we calculate 
the gross capitalization rates for the 
land market as respondents’ gross cash 
rent estimates divided by land value 
estimates. Overall, estimates show 
once again that respondents expect the 
gross capitalization rates to be stable at 
around 3.1%–3.2% from now to 2040. 
With the rising land market, the recent 
May 2021 ISU Cash Rent Survey shows 
that the average Iowa cropland cash 
rents rose 4.5% to $232 per tillable acre 
(AgDM 2021). 

Only time will tell whether we will 
see a continuation of the recent strong 
growth of the farmland market. With 
rising concerns for inflation, many 
investors are increasingly interested in 
buying farmland parcels. Low interest 
rates and low land supply also tend 
to support land values as well. At the 
same time, uncertainties surrounding 
capital gains and estate tax reforms, 
rising production costs, and possible 
uncertainties related to agricultural 
trade could dampen the prospects 
of agricultural income and thus land 
values. Almost a decade later after 
the 2013 peak, people are having rosy 
outlooks again about the growing farm 
economy with farmland as a steady 
bedrock.
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MAR systems (i.e., cost-effectiveness and 
lifecycle analysis). However, the most 
robust and comprehensive economic 
analysis is the cost-benefit analysis (CBA) 
based on the assessment of both market 
and non-market benefits and costs. The 
most robust and complete economic 
analysis of a MAR project considers both 
the market benefits, non-market benefits, 
and related costs when possible. CBA 
uses the net present value method, where 
the project's lifetime monetary benefits 
and costs are discounted to reflect the 
individuals' time preference.

The CBA should be extended by a 
risk or sensitivity analysis that considers 
the risks and uncertainties of a MAR 
project related to the CBA's inputs 
and assumptions regarding either the 
benefit side (i.e., the anticipated future 
demand for water use is not realized) 
or the project's physical and technical 
aspects (e.g., the recharge source is not 
sufficient to meet the anticipated aquifer 
levels, the system has a low recovery 
efficiency, there is a high contamination 
risk). Successful economic analyses 
rely on understanding the extent of 
water demand and its uses, considering 
possible environmental implications, and 
including the cost efficiency relative to 
alternative water resource projects with 
a similar goal.

Other issues and future 
considerations 
MAR methods can provide environmental 
benefits including removal of pathogens 
within filtration systems (Weiss et al. 
2005), elimination of most environmental 
disturbances associated with surface 
water storage systems (Bray 2020), 
and prevention of saltwater intrusion 
into coastal aquifers using ASR wells 
(Page et al. 2018; Bray 2020). However, 
MAR systems can also manifest serious 
environmental problems. For example, 
ASR well drilling and injection processes 

can result in the release of arsenic and/
or other minerals, resulting in the aquifer 
water becoming contaminated (Bray 
2020; Jennings et al. 2021). ASR well 
clogging can also occur due to mineral 
or chemical contamination (or other 
problems), which can undermine the 
use of the well and also contaminate 
the aquifer (Bray 2020). These specific 
ASR-related problems have resulted in 
dozens of US ASR wells being abandoned 
or rendered inactive, including two ASR 
projects that were never completed in the 
Upper Midwest located near Green Bay, 
WI and Milford, IA (Jennings et al. 2021). 
Other environmental challenges might 
arise from changes in volume and flow 
of the rivers used as recharging sources, 
thus affecting the water quality and 
quantity available for local ecosystems 
(i.e., affecting the water temperature 
for fish habitat) (Stone et al. 2016). 
Beyond this, there are additional legal 
and policy-related issues that can pose 
serious obstacles towards the goal of 
implementing ASR and other MAR 
projects (Bray 2020). 

Despite the economic, 
environmental, and other existing 
issues, MAR systems will likely attract 
growing attention due to projected 
climate stresses and population growth 
that could create increasing pressure on 
drinking water and irrigation demand, 
which will further strain US water 
resources. In the United States, MAR 
systems have been typically used in 
areas where water is scarce but have a 
reduced scale and scope in the Corn Belt 
region (Jennings et al. 2021). However, 
MAR projects have been successfully 
established in the Midwest to manage 
surpluses of water when available 
and make it available for later use by 
storing it in underground aquifers, as 
demonstrated by the DMWW ASR wells 
(table 1) and Nebraska NRD systems. 
It is likely that in-depth analyses of 
both hydro-technical aspects and socio-
economic-ecological impacts will be 

required to support increased future 
adoption of MAR schemes in the Corn 
Belt region. MAR-related economic 
modeling, such as that described by 
Tran, Kovacs, and West (2020), and 
MAR-related hydrological modeling, 
such as that described by Niswonger et 
al. (2017), could prove to be important 
components of MAR development 
strategies in the Midwest, along with 
standard hydrologic, chemical, and 
geologic assessments required for 
implementation of MAR systems.

The findings and conclusions in this 
publication are those of the author(s) 
and should not be construed to represent 
any official USDA or US government 
determination or policy. Author Valcu-
Lisman was employed by Iowa State 
University when this research was 
conducted. 

References 
Alam, S., A. Borthakur, S. Ravi, M. 

Gebremichael, and S.K. Mohanty. 
2021. “Managed Aquifer Recharge 
Implementation Criteria to Achieve 
Water Sustainability.” Science of the Total 
Environment 768:144992. DOI: 10.1016/j.
scitotenv.2021.144992.

Austin, C. 2021. “Managed Aquifer Recharge 
in California.” Mavin’s Notebook: California 
Water, Verbatim. Available at: https://
mavensnotebook.com/2018/08/29/
managed-aquifer-recharge-in-california/.

Bloetscher, F., C.H. Sham, J.J. Danko III, and 
S. Ratick. 2014. “Lessons Learned from 
Aquifer Storage and Recovery (ASR) 
Systems in the United States.” Journal of 
Water Resource and Protection 6:1603–
1629. DOI: 10.4236/jwarp.2014.617146.

Bray, Z. 2020. “The Fragile Future of Aquifer 
Storage and Recovery.” San Diego Law 
Review 57(1):1-60. Available at: https://
digital.sandiego.edu/cgi/viewcontent.
cgi?article=3204&context=sdlr.

Buckner, S. 2020. Personal communication. 
City of Ankeny Water Utility, Ankeny, IA.

Dahlke, H.E., G.T. LaHue, M.R.L. Mautner, N.P. 
Murphy, N.K. Patterson, H. Waterhouse, F. 
Yang and L. Foglia. 2018. “Managed Aquifer 
Recharge as a Tool to Enhance Sustainable 
Groundwater Management in California: 
Examples from Field and Modeling 
Studies.” In: Advances in Chemical 

MAR Systems in the Corn Belt
continued from page 12

https://doi.org/10.1016/j.scitotenv.2021.144992
https://mavensnotebook.com/2018/08/29/managed-aquifer-recharge-in-california/
https://doi.org/10.4236/jwarp.2014.617146
https://digital.sandiego.edu/cgi/viewcontent.cgi?article=3204&context=sdlr


Agricultural Policy Review / 15

Pollution, Environmental Management and 
Protection, Volume 3 (Eds.: J. Friesen, L. 
Rodríguez-Sinobas). 

Dillon P., P. Stuyfzand, T. Grischek, M. Lluria, 
R.D.G. Pyne, R.C. Jain, J. Bear et al. 2019. 
“Sixty Years of Global Progress in Managed 
Aquifer Recharge.” Hydrogeology Journal 
27:1–30. DOI: 10.1007/s10040-018-
1841-z.

Gassman, P.W. 2021. “Aquifer Storage and 
Recovery Case Study - Site: Des Moines and 
Ankeny, Iowa.” In: Banking Groundwater: 
A study Examining Aquifer Storage and 
Recovery for Groundwater Sustainability 
in Minnesota (Section 7: Case Studies). 
Available at:  https://www.wrc.umn.edu/
banking-groundwater-managed-aquifer-
recharge.

Gibson, K., and N. Brozović. 2018. “Managed 
Aquifer Recharge (MAR) in Nebraska: 
Using Flood River Flows to Recharge 
Groundwater for Irrigation and Enhance 
Aquatic Habitats. Daugherty Water for 
Food Global Institute (DWFI), University 
of Nebraska, Lincoln, Nebraska. Available 
at: https://gripp.iwmi.org/natural-
infrastructure/water-storage/managed-
aquifer-recharge-mar-in-nebraska/. 

Iowa Department of Natural Resources 
(IDNR). 2020a. Source water protection 
tracker: Ankeny, City of. Iowa 
Department of Natural Resources, 
Des Moines, IA. Available at: https://
programs.iowadnr.gov/sourcewater/
SystemDetail?pwsid=7709053. 

Iowa Department of Natural Resrouces 
(IDNR). 2020b. Source water protection 
tracker: Des Moines Water Works. 
Iowa Department of Natural Resources, 
Des Moines, IA. Available at: https://
programs.iowadnr.gov/sourcewater/
SystemDetail?pwsid=7727031.

Jennings, C.E., J. Bilotta, W. Arnold, B. Bohman, 

E. Bresciani, P. Gassman, P. Kang, et al. 
2021. Banking Groundwater - A Study 
Examining Aquifer Storage and Recovery 
for Groundwater Sustainability in 
Minnesota. University of Minnesota and 
Freshwater. Available at:  https://www.
wrc.umn.edu/banking-groundwater-
managed-aquifer-recharge. 

Maliva, R.G. 2014. “Economics of Managed 
Aquifer Recharge.” Water 6(5):1257–1279. 
DOI: 10.3390/w6051257. 

Maréchal, J.-C., M. Bouzit, J.-D. Rinaudo, F. 
Moiroux, J.-F. Desprats and Y. Caballero. 
2020. “Mapping Economic Feasibility 
of Managed Aquifer Recharge.” Water 
12(3):680. DOI: 10.3390/w12030680. 

Megdal, S.B., P. Dillon, and K. Seasholes. 2014. 
“Water Banks: Using Managed Aquifer 
Recharge to meet Water Policy Objectives.” 
Water 6(6):1500–1514. DOI:.10.3390/
w6061500

Niswonger, R.G., E.D. Morway, E. Triana, 
and J.L. Huntington. 2017. “Managed 
Aquifer Recharge through off-season 
Irrigation in Agricultural Regions.” Water 
Resource Research 53(8):6970–6992. DOI: 
10.1002/2017WR020458.

Page., D., E. Bekele, J. Vanderzalm and J. Sidhu. 
2018. “Managed Aquifer Recharge (MAR) 
in Sustainable Urban Water Management.” 
Water 10(3):239. DOI: 10.3390/
w10030239.

Pyne, D.G. 2005. Aquifer Storage Recovery: A 
Guide to Groundwater Recharge through 
Wells, 2nd edition. Gainesville: ASR 
Systems LLC.

Ross, A. and S. Hasnain. 2018. “Factors 
Affecting the Cost of Managed Aquifer 
Recharge (MAR) Schemes.” Sustainable 
Water Resources Management 4(2): 179–
190. DOI: 10.1007/s40899-017-0210-8.

Scanlon, B.R., R.C. Reedy, C.C. Faunt, D. Pool, 
and K. Uhlman. 2016. “Enhancing Drought 

Resilience with Conjunctive use and 
Managed Aquifer Recharge in California 
and Arizona.” Environmental Research 
Letters 11:049501. DOI: 10.1088/1748-
9326/11/4/049501. 

Stone, M.L., J.D. Garrett, B.C. Poulton, and 
A.C. Ziegler. 2016. “Effects of Aquifer 
Storage and Recovery Activities on Water 
Quality in the Little Arkansas River and 
Equus Beds Aquifer, South-central Kansas, 
2011–14.” U.S. Geological Survey Scientific 
Investigations Report 2016–5024. 
Available at: http://dx.doi.org/10.3133/
sir20165042.

Tran, D.Q., K.F. Kovacs, and G.H. West. 2020. 
“Spatial Economic Predictions of Managed 
Aquifer Recharge for an Agricultural 
Landscape.” Agricultural Water 
Management 241:106337. DOI: 10.1016/j.
agwat.2020.106337.

Tarrant Regional Water District (TRWD). 
2019. Aquifer storage may become the next 
big player. Tarrant Regional Water District, 
Fort Worth, TX. Available at: https://www.
trwd.com/aquifer-storage-may-become-
the-next-big-player/.  

Weiss, W.J., E.J. Bouwer, R. Aboytes, M.W. 
LeChevallier, C.R. O’Melia, B.T. Le, and 
K.J. Schwab. 2005. “Riverbank Filtration 
for Control of Microorganisms: Results 
from Field Monitoring.” Water Research 
39:1990–2001. DOI: 10.1016/j.
watres.2005.03.018.

Suggested citation
Gassman, P.W., and A. Valcu-Lisman. 2021. 

“Potential Adoption of Managed Aquifer 
Recharge (MAR) Systems in the Corn 
Belt Region.” Agricultural Policy Review, 
Spring 2021. Center for Agricultural and 
Rural Development, Iowa State University. 
Available at https://card.iastate.edu/
ag_policy_review/a?=126. 

https://fordhaminstitute.org/national/
research/what-you-make-depends-on-
where-you-live.

Winters, J.V. 2020b. “In-state College 
Enrollment and Later Life Location 
Decisions.” Journal of Human Resources 

55(4):1400–1426.
Wozniak, A. 2010. “Are College Graduates 

More Responsive to Distant Labor 
Market Opportunities?” Journal of 
Human Resources 45(4):944–970. 

Suggested citation
Winters, J. 2021. “The Origins of Talent 

in Rural and Urban Iowa.” Agricultural 
Policy Review, Spring 2021. Center for 
Agricultural and Rural Development, 
Iowa State University. Available at 
https://card.iastate.edu/ag_policy_
review/a?=124.

Origins of Talent in Iowa
continued from page 10

https://doi.org/10.1007/s10040-018-1841-z
https://gripp.iwmi.org/natural-infrastructure/water-storage/managed-aquifer-recharge-mar-in-nebraska/
https://programs.iowadnr.gov/sourcewater/SystemDetail?pwsid=7709053
https://programs.iowadnr.gov/sourcewater/SystemDetail?pwsid=7727031
https://www.wrc.umn.edu/banking-groundwater-managed-aquifer-recharge
https://doi.org/10.3390/w6051257
https://doi.org/10.3390/w12030680
https://doi.org/10.3390/w6061500
https://doi.org/10.1002/2017WR020458
https://doi.org/10.3390/w10030239
https://doi.org/10.1007/s40899-017-0210-8
https://doi.org/10.1088/1748-9326/11/4/049501
http://dx.doi.org/10.3133/sir20165042
https://doi.org/10.1016/j.agwat.2020.106337
https://www.trwd.com/aquifer-storage-may-become-the-next-big-player/
https://doi.org/10.1016/j.watres.2005.03.018
http://ftp.iza.org/dp12051.pdf
https://www.jstor.org/stable/25764795


www.card.iastate.edu

Editorial Staff
Curtis Balmer
  Web Manager
Nathan Cook
  Managing Editor
  Publication Design

Editor
John Crespi
 CARD Director

Iowa State University does not discriminate on the basis of race, color, age, ethnicity, religion, national origin, pregnancy, sexual orientation, gender identity, genetic information, 
sex, marital status, disability, or status as a U.S. veteran. Inquiries can be directed to Office of Equal Opportunity, 3410 Beardshear Hall, 515 Morrill Road, Ames, Iowa 50010, Tel. 
(515) 294-7612, Hotline: (515)294-1222, email eooffice@iastate.edu.

Agricultural Policy Review is published by the Center for 
Agricultural and Rural Development. This publication 
presents summarized results that emphasize the 
implications of ongoing agricultural policy analysis of 
the near-term agricultural situation and discussion of 
agricultural policies currently under consideration. 
Articles may be reprinted with permission and with 
appropriate attribution. Contact the managing editor at 
nmcook@iastate.edu or call 515-294-3809.

Subscription is free. To sign up, go to bit.ly/APRsignup 
and submit your information.

J. Gordon Arbuckle
Gil Depaula
Amani Elobeid
Hongli Feng
Katherine Harris-           
     Lagoudakis
Chad Hart

Dermot Hayes
Keri L. Jacobs
Sergio Lence
GianCarlo Moschini
Peter Orazem
Alejandro Plastina
Lee L. Schulz

Advisory Committee

Adriana Valcu-
     Lisman
John V. Winters
Wendong Zhang

16 / Agricultural Policy Review

Front cover image by Wurliburli from Pixabay.

cost of abating nitrogen through cover 
crop cost-share programs in Iowa was 
estimated at $1.72–$4.70 per pound 
of nitrogen, which was less than the 
reported costs in Maryland, which range 
from $5.80 to $8.87 per pound (Fleming 
2017; Fleming et al. 2018). The cost 
was less in Iowa than in Maryland most 
likely because the average payment 
rate in Maryland was $45 per acre, 
compared to $26 per acre in Iowa. The 
tradeoff between program costs and the 
incentives to entice farmers to enroll 
acres in the program lies in the heart of 
cost-effective policy design.

Voluntary cost-share programs 
are likely to remain the preferred 
conservation policy vehicle in the United 
States moving forward. We find mixed 
results in terms of the effectiveness of 

cover crop cost-share programs in Iowa. 
Only about half of the cover crop acres 
enrolled in cost-share programs funded 
farmland that would not have had cover 
crops without the payment; however, 
the cost of reducing nutrient pollution 
is lower in Iowa than in other states 
due to its lower payment rate. In Iowa, 
farmers fund about 70% of the cost of 
cover crops through annual net-losses, 
while the public finances the remaining 
30% through cost-share programs. 
Questions remain as to the best way to 
reduce nutrient pollution to waterways 
and increase the use of conservations 
practices like cover crops that remains 
sparse.

For more information, see Sawadgo, 
W.,  and A. Plastina. 2021. “Do Cost-
share Programs Increase Cover Crop 
Use? Empirical Evidence from Iowa.” 
Renewable Agriculture and Food Systems, 

1-9. doi:10.1017/S1742170521000132.
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economic development will increase 
its demand for consumer-oriented 
products from the United States. We also 
predict that China’s aging population and 
gradually flattening population growth 
will slow its food demand and change 
its food demand composition from the 
United States. Given China’s priority 
in promoting self-sufficiency of staple 
foods, we anticipate seeing some import 
substitution from bulk products, such as 
corn, into consumer-oriented products, 

like meat, in the future.
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