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The Potential for "Lisa"-Type Nitrogen Use Adjustments in
Mainstream U.S. Agriculture

Abstract

Concern about environmental impacts of nitrogen fertilizer use is
increasing. Mainstream agriculture is dependent on nitrogen fertilizer
and use patterns are polluting water resources. A five cent tax on
nitrogen fertilizer is shown to have three benefits. National nitrogen
fertilizer use is estimated to decline about 10 percent. Use of
legume-produced nitrogen increases and crop use of nitrogen declines only
5 percent. A reduction in wasted legume-produced nitrogen equal to
2.5 percent of nitrogen application in the baseline occurs due to more
growing of legumes and other crops in rotation. The nitrogen tax is not
without costs. Soil erosion and pesticide use are estimated to increase
2,2 and 1.7 percent, respectively, in response to the tax,
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The Potential for "LISA"-Type Nitfogen Use Adjustments
in Mainstream U.S. Agriculture
1, Introduction

The research community and the public have expressed a growing
éoncern over nonpoint source nitrogen pollution of water (6, 10, 14, 21).
Farmers have greatly increased crop production capacity by use of
manufactured nitrogen fertilizers (1, 15). Aléo, nitrogen fertilizer has
cften been applied beyond the levels removable by crop production. The
result has been excess leachable nitrate in the root zone, contaminating
water supplies (e.g., 8, 14, 17). Nitrogen contamination of water has
been linked to human health risks, poisoning of livestock and salinity of
soil (l1). Various legislative bodies are considering policies for
regulating nitrogen use (22).

There are several reasons farmers apply more nitrogen fertilizer than
is removed in the crop. First, production practice, timing and
application method may result in use of larger than required quantities of
nitrogen to assure sufficient amounts in the right place at the right time
for aecelerated plant growth. Second, nitrogen fertilizer is relatively
inexpensive, and farmers may apply excess amounts to insure against the
income losses due to weather, Third, crop insurance may require high
nitrogen fertilizer application as a best management practice, Fourth,
nitrogen response research results and application recommendations may
suggest unrealistic yield goals. Finally, crop-specific government
commodity policies influence ;otation choices, resulting in

underutilization of legume-produced nitrogen.



Information to support analyses of potential nitrogen use policies is
limited. Nitrogen sales data are available at the county level, however,
data on the disposal or use of the nitrogen by crop and management
technique by county are not generally available. Potential responses of
producers to alternative nitrogen regulations are also not known. To fill
this information gap, plant growth and economic interregional resource
allocation/commodity production medels can be combined to estimate
nitrogen use, That is, use levels for nitrogen by crop, soil and
management technique, and likely changes in response to a nitrecgen use tax
to alternative regulations can be estimated. Differential impacts of the
nitrogen tax by region and producer type also can be estimated.

In this paper effects of a five cent nitrogen tax are estimated to
show "low input sustainable agriculture" (LISA)-type management practice
adjustments possible with the conventional production technology. The
approach used is not new. During the 1970s when energy prices were
increasing, similar evaluations were made to determine likely adjustments
to nitrogen taxes or quotas {e.g., 9, 12, 17, 18, 19, 20). And, more
theoretical papers have shown how a nitrogen tax could be derived to
result in a closer matching of private and public interests (7, 23).
Swanson (17} has summarized results of various studies of nitrogen use

regulation by taxes and quotas.

2, The Models
The Agricultural Resources Interregional Modeling System (ARIMS)
(2) was used for the analysis. ARIMS is a national-level interregicnal

linear programming (LP) model with activities representing average



producer technology by region (105 for crop production and 31 for
marketing and livestock production), land quality and management
practice. ARIMS was developed for the 1985 Resources Conservation Act
(RCA) appraisal and is based on the large-scale LP modeling systems
historically used by the Center for Agricultural and Rural Development
(CARD) at Iowa State University. The solution of the model can be
interpreted as estimating the equilibrium aggregate response of producers
given sufficient adjustment time, fixed commodity demands and purchased
inputs available at constant prices.

ARIMS estimates the overall nitrogen fertilization level for each
crop, legume crop production and substitution of livestock manure for
purchased nitrogen. Production activities require either purchased inputs
or inputs from internal production (e.g., manufactured nitrogen fertilizer
or manure from livestock). Also included are activities for livestock
feeding and production, land conversion and land idling. Regional
commodity demands can be met by local production or by transportation of
commodities produced in other regions. Three market regions serve as
trade links to international markets.

ARIMS results are conditicned by fixed commodity-demands, projected
yield growth, the policy provisions of the current agricultural
legislation, and estimated market outcomes for 1990. These conditioning
factors are taken from FAPRI {4) and USDA statistics, Production :
technology and environmental impact information for cropping and land use
in ARIMS are derived largely from the- Erosion-Productivity Impact

Calculator (EPIC) (13).



For an area, soil type, year and management technique, crop yields of
each production activity are fixed, as are fertilizer requirements per
unit of yield. Nitrogen use levels can change only as crop acreage and
yields change as a result of changes in management technique. For each
cropping activity, yields of crops are predetermined using FAPRI and USDA
statistics and EPIC results (13). A Spillman~type yield function (5) was
used to estimate nitrogen requirements given the predeterminéd yields.

The Spillman function and its parameters are documented in Stoecker (16)
and English et, al (3).

The five cent nitrogen tax was approximated by a price increase in
each region., Yield and nitrogen levels were estimated from the 1990
baseline. Modifications in nitrogen use and yield implied by the Spillman
estimates and the tax then were applied. In rctations including legume
crops, the tax may lower the nitrogen use level to the point that legumes
produce more nitrogen than is needed for the rotation. In that case, the
application requirement is set to zero,

Regional prices for nitrogen vary in the United States. To
illustrate the magnitude of the fertilizer price change from the five
percent tax within ARIMS, a use-weighted nitrogen price was calculated.-
This weighted price increased from 22.5 to 27.5 cents per pound. On
average, the approximate 25 percent increase in nitrogen price affected
fertilizer use by about 5 percent (nitrogen application by 10 percent) and
yields by 1 to 2 percent (Table 1). However, in aggregate, after the
model accounted for possible interregional, crop rotation, and livestock
production changes, the estimated aggregate percentage changes in yields

were smaller,



3. Results

Aggregate results from the experiment are reported (more detailed
results are available on request), The ARIMS results depend partly upon
the specified market demand levels and rigid acreage allocations implied
by commodity program parameters, These conditioning factors together with
the aggregate nature of the model, may give adjustments different from
those that would be expected for a single farm or region. In short, the
policy impacts estimated by ARIMS are intended to be naticnal and
interregional indicators, and must be interpreted within the context of

the model.

Fertilizer Use

In ARIMS, aggregate nitrogen use can adjust by: (1) changes inr
application level for an individual cropping activity, (2} changes in
overall cropping mix (which must be reflected in livestock feed
substitution since final demand composition is fixed), and (3) changes in
management practices such as crop rotations. For example, legumes can be
substituted for nonlegumes and crops with lower nitrogen requirements can
be substituted in the overall crop mix. These changes can occur within
and between regions. In particular, and important for the results to bé
presented, legumes can be grown in rotation with nonlegumes.

In ARIMS, animal-produced nitrogen is directly substitutable for
purchased nitrogen. Thus, the substitution between produced and purchased
nitrogen can result in aveiding the nitrogen tax with no implied change in

total application. In some cases, the nitrogen available for leaching can



be more than the reported application, when legumes produce more than the
next crop in the rotation requires.

For the national five cent nitrogen tax compared to the baseline,
total and per-acre nitrogen application (fertilizer and manure) by USDA
production region declined between 4 and 13 percent (Table 2). However,
legume-produced nitrogen use increased and plant use of nitrogen declined
by only one~half the reduction in purchased nitrogen application.

National production of legumes increased by only 2.5 percent (Table 3),
indicating that about one-half of the substituted legume-produced nitrogen
was already "in the system'" dbut in rotations where it was not usable.
These results can be seen by comparing plant nutrient application changes
(columns one and three of Table 2) and noting that in ARIMS, crops are
required to use nitrogen, phosphorous and potassium in fixed proportions.
In summary, the use of nitrogen by crops was down about 5 percent, and
there was an additional reduction of excess nitrogen in the system because
of better utilization cf legumes, equal to about cne-half the decline in
purchased nitrogen application,

The ﬂitrogen tax increased cropped acreage and fertilizer use in the
Northeast, likely due to transport costs and higher production costs for
grain in other regions (Table 3). Total phosphorous and potassium changes
for the Northeast were greater than for nitrogen while per—acre changes
were lower, indicating a substantial shift to legume-produced nitrogen
(Table 2 and 3). Appalachia had a shift to relatively more intensive
cropping since per-acre nitrogen use dropped relatively less than total

use (Table 2).



In the Southeast and the Delta, the tax had little impact on crop mix
or management practice; all nutrients declined proportionately, The Corn
Belt shifted to less intensive cropping because per-acre application
declined more than total use, implying that more legumes were grown in
rotation. The 10 percent decline in nitrogen use in this area was
especially significant given the heavy level of use in the baseline
(Table 2.) |

The Lake States had a similar relative cropping intensity between the
two ARIMS runs, in as much as per acre and total fertilizer applications
changes were nearly equal. The largest decreases in nitrogen application
{about 12 percent) occurred in the Plains, with little change in either
crop mix, management, or cropping intensity; implied crop acreages
were similar to the base (Table 3), The Mountain states also had a large
decrease in nitrogen application (9 percent) along with a movement to less
intensive cropping, since per acre quantities declined by more than the

totals.

Nonnutrient Input Use

Different management practices involve alternative relative
proportions of the inputs. The nitrogen tax affected the use of other
factors of production (see Table 4). At the national level, the increased
pesticide use (1.7 percent) was more than double the increased acreage
(0.8 percent) and was one and one-half times the increase in machinery and
labor (1.l percent). 1In general, shifts to more intensive cropping with
pesticides having a larger share of pfoduction costs in selected areas

were implied.



The increase in input use, particularly pesticides (12.9 percent) was
dramatic in the Northeast., This pesticide use increase accompanied by the
nitrogen increase indicates an environmentally negative impact of the
fertilizer tax, suggesting consideration of more specialized taxes. Only
Appalachia and the Southeast experienced decreased pesticide use, and
these decreases were exactly equal to cropped acreage declines. All other
regions had higher rates of pesticide use per acre than before the
nitrogen tax. Most regions had increased pesticide use relative to
machinery and labor, implying for some land types a move away from what is

commonly understood to be low-input sustainable agriculture.

Soil Ercsion Impacts

The nitrogen tax resulted in increased soil erosion at the national
level, both per acre (1.3 percent) and in total {2,2 percent) (Téble 5).
Lower yields, combined with fixed demands, imply more intensive cropping
on more marginal lands. In all regions except the Southern Plains,
Mountain, and Pacific, wind erosion was decreased by the tax. Water
erosion was up in all regions except the Appalachian and the Southeast.
These percentage changes are small in general compared to those reported

for cropped land in Table 4 and fertilizer use in Table 2.

Regicnal Crop Production Patterns

Regional shifts in crop production due to the tax were large (see
Table 3), At the national level, only commodities used as feed are
allowed to change because final demands in ARIMS are fixed. But, regional

distributions of crop production can change. For the nation, legume hay



was substituted for nonlegume hay, soybeans increased by 0,2 percent and
corn silage increased by 9.0 percent.

Barley was substituted for corn silage in the Appalachian (16.2 to
18,7 percent), in the Corn Belt (8.7 to -100.0 percent), and to lesser
extent in the Lake States and Mountains. Corn silage was substituted for
barley in the Northeast (95.7 to -6.9 percent) and at lower levels in the
Southeast, Northern and Southern Plains and Pacific areas. These changes
correlate to some extent with the livestock production changes shown in
Table 6, The Northeast region showed the largest crop mix impacts. The
Northern Plains and Mountains both had a decrease in total acreage in
legumes; however, the nutrient requirement impacts (Table 2) indicate ﬁore
legume-produced nitrogen. Thus, crop rotation changes occurred as a

result of the tax.

Livestock Production Due to Nitrogen Tax

At the national level, there were no changes in livestock preduction
because final demands were unchanged from the baseline (Table 6},
Regiocnal shifts in production were however quite large. A general shift
of cattle and fed beef production to the Corn Belt from the Southern
Plains was shown. The percentage changes shown in Table 6 are modest, but
actual numbers are large since these regions had a major share of national
production in the baseline,

Pork production shifted regionally the most, with percentage gains
for the Northeast (19.9) and Lake States {27.3) and losses for the

Appalachian region (-28.9), the Southern Plains (~91.8) and the Mountain
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(=23.7) regions. Dairy production and grass-fed beef shifted among
regions the least., Cattle (cow-calf} and grain fed beef production

recorded major shifts.

Producer Cost and Incoﬁe '

Changes in producer cost and income due to the nitrogen tax were
evaluated by comparing changes in total production cost with changeé in
estimated total imputed revenue (see Table 7). The baseline or base run
was again the reference‘point. At the national level, crop producers
gained at the expense of livestock producers. Tétal cost was only up 0.8
percent while total revenue increased 2.2 percent. For livestock
producers, a -0.7 percent revenue decrease offset the small decrease in
production costs. Crop producers gained 5.1 percent in imputed revenues
while production costs increased by only 1.3 percent. The Appalachian
region was negatively impacted the most as indicated by the balance of
cost and revenue changes, while the Lake States, Northern Plains, Southern

Plains, and Mountain regions all gained.

4, Conclusijons
Results from the analysis with ARIMS indicate a nitrogen tax of
"reasonable” size has an impact on fertilizer use even if opportunities
for response were restricted to existing production technologies.
Although the estimated impacts of the nitrogen tax from ARIMS were fairly
small, they were larger than found in other studies (17). Still the
results are in general agreement with the idea that with current

production technology farmers are not likely to be highly responsive to
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price in fertilizer usage. However despite the limitations for
substitution in nitrogen use in ARIMS, considerable flexibility in
accomodating to the tax is indicated for mainstream U.S. agricultural
technologies. fhe policy question is how to design measures that can take
advantage of this potential flexibility.

Applied commercial fertilizer is shown by the ARIMS solution net to
be the sole problem leading to current levels of water contaminatiom.
With present commodity policy, farmers are led to crop rotation sequences
in which legume produced nitrogen is underutilized. According to the
analysis with AR;MS, policies impacting rotation choices can have large
impacts on nitrogen use. The fertilizer tax is one such policy, but is
indicated to resulf in the substitution of other inputs, implying greater
chemical use and in some cases increased erosion levels.

Estimated national impacts of the nitrogen tax experiment were
relatively small. However, the impacts on individual farmers and regions
may be large. For example, imposing a blanket national tax may unfairly
penalize producers where water contamination problems are not severe and
inadequately addresses significant problems elsewhere. Crop producers
generally benefit from input taxes because final demands are relatively
inelastic. Increases in marginal production costs exceed the increase in
average costs, and revenue increases exceed cost increases, However this
result is highly conditioned by the cost minimization structure impliecit
in the ARIMS specification. That is, with supported commodity prices,
producers may in reality experience only the cost increases estimated by

ARIMS, since increased market prices would in large part only reduce

government costs.
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Table 1 . Yield and nitrogen use elasticities associated with model
coefficients?®

National level elasticities

Full

Partial effects Model effects®

Nitrogen use/  Yield/ Yield/ Qutput/

Price of Nitrogen Price of Price of
Crop Nitrogen Application Nitrogen Nitrogen
Barley -0.36 0.22 -0.08 -1.2
Corn grain ~0.59 0.21 -0.12 -2.6
Corn silage -0.68 0.14 -0.10 -1.1
Cotton -0.24 0.26 -0.06 -0.2
Legume hay -0.15 0.00 -0.,00 ~-0.4
Non-legume hay -0.57 0.15 -0.09 -1.5
Qats -0.47 0.20 -0.09 -0.7
Sorghum -0.57 0.20 -0.11 -0.3
Sorghum silage -1.08 0.07 -0.08 0.0
Soybeans -0.13 0.04 -0.01 -0.1
Wheat -0.36 0.21 -0.08 -0.4

8National averages for rainfed crops, the use weighted nitrogen price

increased from 22.5

to 27.5 cents per pound.

National average yield change in response to the nitrogen tax after all
endogenous adjustments,



Table 2.

Percent change in fertilizer
tax (percent from baseline)

application due to the nitrogen

Nitrogen Phosphorous Potassium

Region/

National Total /acre Total /acre Total /acre
Northeast 5.8  -3.7 11,8 1.7 11.6 1.5
Appalachian -7.9  -7.4 -3.8 -3.3 -4.9 -4.4
Southeast -4.3 -4.,0 -4,0 -3.8 -3.1 -2.8
Delta -7.2 -8.8 -5.4 -7.0 ~5.4 -7.0
Corn Belt -9.8 -~10.8 -4,2 -5,2 -4.,5 -5.5
Lake States -8.4 -8.4 ~3,6 -3.6 -6.7 -6.,7
Northern Plains -13,2 -13.2 -11.1 -11.1 -11.8 -11.8
Southern Plains -11.9 -1il1.9 -11.1 -11.0C -9.9 -9.8
Mountains -9.0 -9.3 -5.,0 -5.3 -5.9 -6.2
Pacific -5.4 ~6.3 -2.2 -3.,0 -2,2 -3.1
National -9.4 -10.1 -3.4 -4,2 -5.9 -6.6
National baseline?® 8040.0 50.0 4184,0 26,0 2829.0 18.0

8Raseline quantities are

thousands of tons.
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Table 3. Regional change in crop production due to the nitrogen tax (percent from

baseline)
Crop

Region/ Barley Corn Corn Cotton Sorghum Soybeans Wheat Legume Nonleg.
National . .Grain Sileage ' Hay Hay
Northeast -6.9 13,8 45,7 a.0 -50.4 28.9 2.4 18.8 -1.5
Appalachian i6.2 -1.,4 -18.7 =-2.2 -1.4 ~2.6 -3.6 10.7 -8,9
Southeast -3.6 -2.0 0.0 -3.6 —4.4 0.2 -2.1 -3.1 -2.3
Delta 0.0 -4.3 0.0 14.3 2.0 -2.1 -2.7 1.5 =-2.5
Corn Belt 8.7 -0.4 -100.0 27.4 -5.7 0.1 1.2 3.8 -8.3
Lake States 2.0 -0.6 0.0 0.0 ~-1.6 -2.1 -3.4 3.5 =2.,5
Northern Plains -0.9 -4.7 0.0 0.0 4.4 ~4,2 0.0 -23.9 2.1
Southern Plains -2.1 15.7 0.0 -5.6 0.0 31,1 -0.8 -0.4 -5.0
Mountains 0.3 0.3 -1.0 8.5 -2.0 -2.9 -0.4 -0.0 -3.2
Pacific -2.1 -10.3 9.8 -3.8 -4.0 0.0 3.3 0.6 ~-1.7

National 0.0 -0,

[ ]
Te]
ja)
o
o
(=]
(=)
e ]
38 ]
(@]
o
s8]
5
i
3%
3]




15

Table 4. Percent changes in non-nutrient input use resulting from the
nitrogen tax (percent from baseline)

Region/

National Cropped Acres Pesticides® Machinery?® Labor?
Northeast 10.0 12.9 11.6 11.56
Appalachian -0.5 -0.5 -0.1 0.2
Southeast -0.3 -0.3 -0.5 -0.4
Delta 1.8 6.8 4,3 3.0
Corn Belt 1.1 1.5 1.4 1.2
Lake States Q.0 0.1 -0.1 0.2
Northern Plains 0.0 .4 -0.3 -0.2
Southern Plains -0.1 0.5 0.2 0.2
Mountains 0.3 1.1 0.5 Q0.7
Pacific 0.7 2.3 0.6 0.2
National 0.8 1.7 1.1 1.1

8Expenditure changes.
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Table 5. Soil erosion impacts resulting from the nitrogen tax

{(percent from baseline)

Per acre Total

Region/ .
National Water Wind Total Water Wind Total
Northeast 16.3 =-9.5 15.0 29.4 -0,7 27.8
Appalachian 0.0 -0.7 -0.0 -0.5 -1.3 -0.6
Southeast -0.5 -0.9 -0.5 -0.9 -1.2 -0.9
Delta 0.7 ~-1.0 0.5 2.8 1.1 2.6
Corn Belt 2.9 -1.2 2,2 4.0 -0.1 3.3
Lake States 1.6 -0.7 0.6 1.6 -0.6 0.7
Northern Plains 2.7 -1.1 0.2 2.7 -1.2 0.1
Southern Plains 2.1 2.9 2.7 2.0 2.8 2.6
Mountains 0.2 0.2 0.2 0.6 0.6 0.6
Pacific 3.2 1.0 2.1 4.5 2.3 3.4
National 3.0 -0.3 1.3 3.9 0.6 2.2




17

Table 6. Regional changes in livestock production due to the nitrogen
tax (percent from baseline)

Livestock

Region/ Beef
National : Pork Dairy - Cattle Grain Grass
Northeast 19.9 0.3 0.3 241.5 0.2
Appalachian -28.9 0.2 8.1 241.5 2.2
Southeast 0.0 -0.0 -0.4 0.0 -2.1
Dalta 0.1 0.0 0.2 -1.0 0.8
Corn Belt -Q0.5 0.8 5.5 1.4 3.1
Lake States 27.3 -2.1 -0.8 1.3 -1.8
Northern Plains 1.0 -3.5 1.7 -4.3 2.7
Southern Plains -91.8 0.1 -6.5 -4.,6 -2.9
Mountains -23.7 2.3 0.4 -1.7 0.6
Pacific 0.0 0.0 .5 1.3 0.5
National -0.0 -0.0 ~0.0 0.0 0.0
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Table 7. Percentage change in producer costs and returns due to the
nitrogen tax (percent from baseline)

Crops Livestock Total

Cost Returns Cost Returns Cost Returns
Northeast 3.1 18.3 0.8 0.5 6.0 6.3
Appalachian -0.1 1.5 0.6 -2.7 0.2 -0.4
Southeast -0.7 0.9 -0.3 ~0.9 ~0.5 -0.2
Delta 3.6 5.0 0.0 -1.6 2.1 2.1
Corn Belt 0.9 3.9 0.8 -0.2 0.9 1.9
Lake States 1.6 5.3 4.0 2.4 1.6 3.7
Northern Plains -0.0 5.4 0.2 -1.9 0.0 2.7
Scuthern Plains 1.3 4.3 =5.1 -4.0 -1.8 2.5
Mountain 0.9 7.9 0.0 -1.8 0.6 2.7
Pacific 0.5 6.5 0.4 0.0 0.4 2.0
National 1.3 5.1 -0.0 -0.7 0.8 2.2
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