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Fo reword

imes have changed. No where is that more evident than in U.S. agriculture.

Increasing global integration, expanding world agricultural markets, and

broadening environmental priorities both at home and abroad are defining

new policy challenges for the United States. Passage of the North Ameri-

can Free Trade Agreement and the Uruguay Round Agreements of GATT
have spurred debate about the effects that liberalizing trade might have on the envi-
ronment, and these debates continue. As the 104th Congress prepares to deliberate
reauthorization of the Food, Agriculture, Conservation, and Trade Act (FACTA),
more commonly referred to as the 1995 Farm Bill, the relationships among agricul-
ture, trade, and the environment are prominent subjects.

Anticipating further debates on free trade, on FACTA, the Clean Water Act, and
other policy issues related to agriculture, trade, and the environment, Congress re-
guested this assessment to provide guidance on policies and technologies needed
for U.S. agriculture to be competitive in world markets and to ensure that environ-
mental goals are met. Committees requesting the assessment were the Senate Com-
mittee on Agriculture, Nutrition, and Forestry; the House Committee on Agricul-
ture; and the House Committee on Foreign Affairs.

This report provides information that can help align agricultural legislation with
emerging needs and trends. Current policies do not ameliorate conflicts between
agricultural production and environmental quality, between trade and the environ-
ment, and between agriculture and competitive trade. Opportunities for greater
complementarity among these areas are possibly being missed.

Technology is integral to achieving complementarity. So often, agricultural
technology has been developed for the sole purpose of increasing production with
little attention to the market, environmental, or budgetary trade-offs. Unintended
consequences have often been the result. Today, with the vast array of powerful
scientific tools available, such as biotechnology and advanced computer technolo-
gies, it may be possible to develop technologies that incorporate multiple objec-
tives, such as increasing production while enhancing environmental quality. In-
novations in science and technology paired with future-oriented policies to guide
agriculture, trade, and the environment could position the United States as a leader
in world markets and in domestic environmental protection.

OTA greatly appreciates the contributions of the Advisory Panel, authors of
commissioned papers, workshop participants, and the many additional people who
reviewed material for the report or gave valuable guidance. Their timely and in-
depth assistance allowed us to do the extensive study our requesters envisioned. As
with all OTA studies, the content of this report is the sole responsibility of OTA.
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Summary
and
Overview

n the past few decades, the U.S. agricultural sector has be-
come integrally and irrevocably linked to international mar-
kets and environmental interests. Once the dominant suppli-
er, U.S. agricultural producers now must compete with
numerous other international traders to fill the demands of global
agricultural markets. At the same time, the effects of agricultural
activity on the U.S. environment, and of environmental programs
on agricultural production and trade, have become subjects of na-
tional importance. Within this new, multifaceted framework, in-
ternational markets increasingly dictate domestic production and
marketing decisions, and new priorities for environmental pro-
grams emerge. Also emerging, however, are questions about the
efficacy and appropriateness of current government farm and
conservation programs, many of which were instituted to cope
with the exigencies of another time. In 1995, and into the next
century, the key challenge for U.S. agricultural, trade, and envi-
ronmental interests is to ensure that the nation’s policies and pro-
grams are oriented toward the future, not shackled to the past.
This report assesses the current status of, and the diverse con
nections among agriculture, trade, and the environment. It deliv- .+
ers four major messages based on the overarching goal of promoty¢
ing complementarity among them: ¢

1. Global forces increasingly dictate the economic framework
within which the U.S. agricultural sector operates, as well as
the legislative framework for U.S. agricultural policy. As a re-
sult, current agricultural programs are more of a problemthan a
solution. Dismantling them would help the U.S. agricultural
sector to respond better to the demands of global markets, and
improve U.S. competitiveness abroad.
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2. Current conservation programs focus too narand volatile forces around the world. The country
rowly on old problems rather than on newer is-has also moved from a relatively closed economy
sues such as water quality, wildlife habitat, soilto a more open economy, in which trade is a major
quality, and the environmental systems thaforce behind the restructuring of the nation’s in-
join them together. Scientific knowledge of dustries, including agriculture. As part of its more
these newer issues is lacking. open policy, the United States has entered into a

3. Expanding agricultural trade does not pose sigdumber of agreements that liberalize international
nificant short-run environmental risks, and en-trade. The most notable are the North American
vironmental regulation overall does not impair Free Trade Agreement (NAFTA) and the Uruguay
the United States’ ability to compete effective-Round Agreements (URA) of the General Agree-
ly in overseas markets. However, some isolatefent on Tariffs and Trade (GATT) (now the World

environmental damage related to trade andrade Organization, or WTO). On the environ-
some cases of trade impairment will occur. mental front, the United States has joined other
4. Federally funded research programs remaiﬁounmes'n structuring more multilateral accord;,
such as the North American Agreement on Envi-

tied to an old agenda of producing more agri- :
cultural output, while research on internationalronmental Cooperation and the Montreal Protocol

trade and environmental issues is dramatically" Substances that Deplete the Ozone Layer, to

underfunded. Opportunities for developing .rotecttransboundaryresourcesandtheglobalen—

technologies that help the United States to meé/ljronmegt. ke ad ¢ liberalized
its agricultural production, trade, and environ- Poised o take advantage of more liberalize

mental objectives are being missed. trade are multinatipnal cqmpanies (MNCs) that
control a substantial portion of the world (and
The United States is not alone in facing thesgne U.S.) economy. Their origins, sources for ma-
problems. Other countries too are striving 10 lib-terjals, communications, production facilities,
eralize trade while enhancing environmentalyng outlooks are increasingly global. Intrafirm
protection and bringing their agricultural produc-tade—that is, goods and services exchanged among
tion sectors in line with market realities. Achiev- parent companies and their foreign subsidiaries—

ing some of these global goals may require multipyay account for 40 percent of U.S. imports and 35
lateral action. Nonetheless, there is much that thercent of exports.

United States can do on a unilateral basis to reori- agjjitating the long reach of MNCs is global

entits policies and programs to complement globgommunications technology. Fifty plus years ago,
al forces while working toward national goals re-yhen technologies such as radio and television
lated to agricultural production, trade, and therst appeared, only a few wealthy countries felt its
envwonmgnt. Th_|s repc_)rt offers a range o_f for'impact. Today, these and other global commu-
ward-looking policy options (chapter 7) designedpications technologies allow hundreds of millions

to benefit the three areas both individually and,s people around the world to hear and see how

collectively. others do things differently. With advanced com-
puter systems, firms as well as individuals have

GLOBAL INTEGRATION NOW IMPACTS instant access to global information, and trading

THE UNITED STATES goes on 24 hours a day. At the same time, the in-

In recent decades, global events and trendsreasing exchange of scientific data and discover-
have had an ever-greater impact on the Uniteges through communications technology has fos-
States. On the economic front, the United Statetered an improved understanding of transboundary
has switched from fixed exchange rates, whictand global environmental systems. The result of
were controlled by the government, to flexible ex-these changes is that countries are much more in-
change rates, which are controlled by dynamiderdependent. It is more difficult for a country to
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impede the flow of information or to prevent or grain from Argentina, Brazil, Australia, or another
even slow the transfer of technology. All of thesecountry. MNCs in food processing are creating
massive forces of change mean actions taken lytobal sourcing networks for ingredients, food-
one country have major implications for others. processing equipment, and packaging systems.
Although global integration has made theThese developments and others have made for a
United States more dependent on other nations, global agricultural system that is extremely dy-
has also brought new and rewarding opportunitiesamic. Response time to marketing opportunities
for the public and private sectors. U.S. industriess shorter, resources are more mobile, and the
can not only avail themselves of frontier sciencdevel of competition is more intense in nearly all
and state-of-the-art technology more readily andnarkets.
at reduced cost; they can also diversify production Unfortunately, current U.S. farm commodity
and marketing risks with overseas operations. Thprograms do not provide the U.S. agricultural sec-
U.S. government can share science and data witbr with the flexibility it needs to compete effec-
other national governments to construct more adively in such a dynamic global agricultural sys-
curate appraisals of transboundary or regional etem. These programs may have enhanced farm
vironmental issues, and private industry can exprices and farm incomes in earlier years, but now,
port or import technologies to solve them. To takehey impose limits on land use and depress agri-
full advantage of the benefits of global integra-cultural growth and competitiveness. The United
tion, however, it is crucial for the United States toStates must seriously consider dispensing with
move toward new, far-sighted policies based onhese programs if it wishes to remain competitive
emerging conditions in the nation and the worldin global agricultural markets.
Implementing policies that promote mutually

beneficial developments in agriculture, trade, ang] |ncreased Market Orientation

th'fheirﬁwronm;ant is a policy objective consistenty e previous sections explain, agricultural out-
wi € new forces. put, marketing decisions, and farmers’ incomes

are increasingly tied to global markets—which
AGRICULTURAL PROGRAMS NO means that the traditional domestic demand and

LONGER REFLECT MARKET REALITIES government program incentives that farmers

Global integration has had a profound impact orooked to for guidance on what to plant, how to
the U.S. agricultural system. No longer do nationimarket, and what to export are steadily being re-
al borders define the markets available to U.Splaced by market signals. Farm structure has
farmers and processors. Rather, the U.S. agricuthanged as well. Six million farms produced the
tural sector is using new organizational arrangenation’s food and fiber during World War 11, but
ments and marketing strategies to enter and conmow, fewer than one million farms account for
pete in global markets. Farm inputs, new farnmore than 95 percent of all U.S. farm output.
technologies, farm output, and new food productg\nother million or so part-time farming opera-
are all exchanged in this global agricultural systions add to agricultural supplies, although the op-
tem, of which the U.S. agricultural system is anerators of these farms earn more from jobs they
important and interdependent part. hold off the farm than from farming itself.

MNCs are responsible for most international Together, higherincomes on commercial farms
business in food and agricultural products, hanand more off-farm income on part-time farms
dling farm inputs, food processing, food distribu-have brought farm households income parity with
tion, and fast-food restaurants. They draw on thall other U.S. households. Within the farm sector,
entire world to supply their operations. If ahowever, there is an enormous diversity of in-
drought or flood decreases grain supplies in theome: the largest farms receive incomes several
United States, for example, MNCs can obtairtimes the national household average (figure 1-1).
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FIGURE 1-1: Diversity of Farm Income
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SOURCE: U.S. Department of Agriculture, Economic Research Service, National Financial Summary, ECIFS-13-1, 1993

Nonetheless, the improved economic status of
farm households overall has helped stabilize the
farming sector, slowing the reduction in farm
numbers and improving the asset position of farm-
ing operations.

A variety of technological, economic, and so-
cial forces combined in past decades to reshape
the structure of farms and raise farm output. Farm
size expanded as farm machinery grew in size and
capacity. Farm output increased as each year's
new crop varieties replaced the old. As domestic
surpluses became the norm, commodity prices
were depressed, forcing high-cost operators out of
farming enterprises. Budget costs for disposing of
stocks replaced concern over adequate food sup-
plies. And, as environmental issues gained promi-
nence, the American public placed greater empha-
sison food quality, human nutrition, a safer food
supply, protection of the environment, and the de-
velopment of a sustainable agricultural system.

With new demands from consumers, new mar-
keting arrangements emerged to improve the
coordination of farm output with consumer needs.
Contract production and vertical integration are

used increasingly by agricultural producers, low-
ering economic risk and improving quality con-
trol. These new arrangements account for ever-
larger portions of total output. Although open
markets with many buyers and sellers still account
for most sales of food and feed grains, for special-
ty crops and livestock the trend has been toward
markets with relatively few buyers and sellers—
many of whom establish terms of trade through
contracts or vertical integration. Some 49 percent
of fresh vegetable production, for example,
moved through open markets in 1970, compared
with 35 percent in 1990. Turkey production went
from 28 percent of production moving through
open markets in 1970 to 7 percent in 1990. Citrus
production is now entirely handled through con-
tracts and vertical integration. Overall, vertical in-
tegration and contractual arrangements, many
involving MNCs, account for an increasing pro-
portion of agricultural marketing.

As marketing arrangements have changed, so
has overseas demand for agricultural products.
Most notably, as the composition of other coun-
tries' agricultural imports has broadened, the
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U.S. $billions

FIGURE 1-2: World Trade in Value Added Products
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global market for value-added agricultural items
has expanded. Between 1972 and 1993, world-
wide trade in value-added products grew at an
annual rate of 8.5 percent, from $27 billion to
$148 billion. By contrast, trade in bulk commodit-
ies increased from $24 billion to $60 billion, re-
flecting an annua growth rate of 4.5 percent. The
share of world agricultural trade attributed to
value-added food products was 71 percent in
1993, compared with 51 percent on 1970. The
combined value of world trade in agricultural bulk
commodities and value-added food products was
$51 billion in 1972 and $208 billion in 1993.

In keeping with the times, the United States has
expanded its exports of value-added agricultural
products, which now make up a mgjority of U.S.
farm exports. However, value-added agricultural
products dominate world food trade by a ratio of
2.5 to 1, while the ratio for U.S. exportsis 1.25to 1
(figures 1-2 and 1-3). U.S. exports of agricultura

products have not grown as rapidly as world trade,
leading to alossin U.S. share of global agricultur-
a markets. Part of the problem is the United
States' continuing emphasis on bulk commodi-
ties, alegacy of farm programs that originated in
the 1930s. These programs result in restraints on
land use that limit the responsiveness of produc-
tion to market forces. The programs also require
multiple subsidies—first for producing bulk com-
modities, and then for disposing of them in export
markets. Substantial budget savings and greater
efficiency could be attained by gradually phasing
out government-enhanced incentives for produc-
ing bulk commodities and allowing market sig-
nals to guide farm output toward expanding global
markets.

Another useful change would be to redirect cur-
rent market research efforts. Approximately 60
percent of al agricultural research expenditures is
directed to increasing animal and crop production;

'Value-added food products include semi-processed products such as wheat flour, oilseed meal, and vegetable oil, as well as end products

that require little or no additional processing for consumption such as fresh and processed fruits and vegetables, fresh and processed meats, and
bakery products. Bulk commaodities are products that have not been processed such as wheat, corn, cotton, and rice.
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FIGURE 1-3: U.S. Trade in Value Added Products

30- N\

7/

15+

10+

& & ==

\ Bulk commodities

\‘\v/\/\

Intermediate

D T T T T T T T T
1970 1972 1974 1976 1978 1980

T T T T T

1982 1984 1986 1988 1990 1992

SOURCE: U.S. Department of Agriculture, Foreign Agricultural Service, Desk Reference Guide to U.S. Agricultural Trade, Agricultural Handbook

No 683, revised April 1994

less than 5 percent is spent on researching interna-
tional and domestic markets. As global markets
continue to change, more research on foreign mar-
ket institutions and trends in agricultural trade,
and their implications for U.S. agriculture, is es-
sential.

[ONew Technologies for New Markets

A range of new technologies complement the mar-
ket trend toward value-added products. Informa-
tion technology, for instance, enables firms to
identify new markets and customize products to
satisfy changing markets. The traditional
constraints associated with variability in raw ma-
terial supplies are slowly being removed, as new
biotechnologies can alter a raw agricultura prod-
uct to fit specific end uses. A highly publicized ex-
ample of such a product was recently introduced
by Calgene, a multinational biotechnology/in-
formation technol ogy-based seed, food, and spe-
cialty chemical company that is developing pro-
prietary plant varieties and plant products. Since
the mid-1980s, Calgene has genetically engineered
new kinds of tomatoes in an effort to significantly
extend shelf life and improve taste. The company

has successfully produced a fresh market tomato
with at least seven to 10 days of extended shelf
life. The consumer benefits are that the genetically
engineered tomatoes may be harvested ripe for
full flavor, shipped without refrigeration, and de-
livered fresh to domestic and global markets. The
company received the first U.S. patent covering
the use of genetic engineering in tomatoes and
commercially launched the Flavor Savr tomato in
1994,

Calgene aso provides a good example of the
new marketing arrangements discussed above.
The company will competitively select growers to
produce and harvest the new tomatoes under spe-
cified conditions, will control the distribution of
the tomato, and will merchandise it under its own
label. Thus, Flavor Savr tomatoes will be avail-
able to consumers through a vertically integrated
MNC that controls the product from seed to retail
sde.

Olnternational Trade Agreements

Among the forces accelerating global integration
of the agricultural sector are international trade
agreements. Although most countries intervene in
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their agricultural sectors to achieve certain nationeonsequently reaching a point where it must
al objectives, the trend is overwhelmingly towardchoose between supporting global free trade and
less government support. Trade agreements sudfsulating its agricultural interests from the global
as the URA complement this trend not only by remarketplace. The challenge ahead is to allow the
quiring reductions in such support, but also by actincentive system to encourage more production of
ing as a major impetus for policy to move towarditems to meet expanding international markets.
greater flexibility to meet changing market condi-

tions. The URA reduces tariffs on many of theENVIRONMENTAL PROGRAMS DO NOT
agricultural goods traded among WTO membersg\MPHASIZE NEW PRIORITIES

WIh'Ch will increase chompetll'ilve_z prelf_ﬁurefs andas it copes with the forces of global integration,
P allce all premium on the rlnar_ eting skills of agri-ye y g agricultural system is also facing new en-
cultural businesses worldwide. NAFTA €om- yiqnmental dilemmas. Traditionally focused on

pletely phases out North America’s regime Ofgq 4nq water conservation, the system must now
agricultural tariffs over the next decade and a halfdeal more with water quality, wildlife habitat, and

Tariffs on about half of the agricultural products; quality problems. The fundamental question

traded between the United States and MexicQqnqqonting policymakers is how to take advan-
were eliminated on January 1, 1994. Even thoug{hge of global market opportunities while making

tariffs on “import-sensitive” products, such as ;-centable progress on this broader environmen-
corn and beans for Mexico, and orange juice, pegy agenda

nuts, and sugar for the United States, are being Environmental

phased out more slowly, the trend toward open i iural systems vary significantly through-

markets is clear. _ out the United States. For the most part, this varia-
The URA and NAFTA will expand markets for 4o is simply a reflection of the diverse distribu-

U.S. agricultural products. Conversely, U.S. Maryion of environmental resources across the

kets will be opened to countries that may have ftiona| Jandscape. However, different types of
comparative advantage in the production and matyqicjtyral production operations also create dif-
ket_mg of certain agrlcu_ltural items. Because thgg ant types of environmental stress. Generally,
United States already imports large amounts ofe effects of agricultural operations on the U.S.
agricultural products, and its tariffs have beeryionment are local or regional in nature. A first
among the world's lowest, it is unlikely that im- o toward defining possible federal program re-
ports will jump dramatically. Nevertheless, com-gnonges; then, is to appraise the pattern of environ-
petition will increase and markets will expand. i ena| problems nationwide, so that priority areas

Even though they will help to redirect some .4 pe identified and effectively targeted.
U.S. agricultural efforts, international trade agree-

ments alone cannot align U.S. production and ex- . ,
ports with global markets. The URA provisionsxD Ag”.CUIture S_EffeCtS. on the .

may focus U.S. attention on exporting more val- Environment: Negative and Positive
ue-added food products, but current programs thatesearch and monitoring conducted since the
support farm commodity prices and subsidizel970s provide broad evidence of both degradation
commodity exports (most of which show little @nd improvement in the quality of water, wildlife
promise of large export-value gains) will work atresources, and soil conditions affected by agricul-
cross purposes with this trend. Not only are thestire. Overall, water quality suffers most from its
programs clearly detrimental in terms of myriadassociation with agriculture. Agriculture ranks as
trade opportunities and revenues lost; they alsthe primary contributor to today’s surface water
conflict with the spirit of international trade agree-quality problems, principally through sediment
ments, which the United States has, through thdeposition and agrichemical runoff from dryland
years, strongly supported. The United States iand irrigated systems. Agriculture contributes

conditions associated with
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Agriculture is the primary source
of pollutants to impaired:

[Rivers and streams
M Bt rivers and lakes

States assessed only portions of rivers, lakes, and coastal estuaries in 1992 I 32 states, agricultural pollutants_were the main source of pollution in
surface. waters that “were unable 1o squort their intended uses. Im pared  estuaries In Oregon, California, Florida, Delaware, and Connecticut were
Predommantly effected by agricultural pollutants. Because four states did not reﬁon sources of poltion to rivers and lakes (Tennessee, New Jersey,
daho, and” Georgia), and Six states “did not report sources of polution to lakes, ponds and Teservors (Minnesota, Wisconsin, Tennessee, Pennsylva-

nia, Vermont, and "Alaska), this map may underestimate agriculture’s role in those  states.

NOtTE: Data for Alaska and Hawaii is not available. States shaded white did not report agriculture as a source of pollution to impaired surface
waters.

SOURCE:  OTA, 1995 Compied from data in US. Environmental Protection Agency, National Water Qualty Inventory 1992 Report to Congress,
EPA-BALR-94-GOL, 1994,

pollution to over one half of the assessed streamgomplete, groundwater monitoring of agricultural
rivers, lakes, and reservoirs suffering impair-pesticides indicate that residues exceed drinking
ments. As shown in figure 1-4, agriculture’s rela- water standards in some states.

tive importance to surface water impairments is Overall, wildlife habitats (and as a result, wild-
spread throughout the country. Recent research inkife populations) have been diminished or de-
dicates that more than 70 percent of U.S. croplang@raded by agricultural cultivation, drainage, and
is located in watersheds of “poor water quality,” pollution for the past half-century. Indeed, agri-
where at least one agricultural contaminant excultural production has been the nation’s leading
ceeds recreational or ecological health guidelinescause of habitat alteration, including wetlands al-
Nitrate in groundwater appears to be increasinglyteration, and is the most prominent activity endan-
prevalent: 16 percent of the samples taken fronglering species today. It is important to note, how-
under agricultural lands show nitrate levels thatever, that selected wildlife species, such as
exceed drinking water standards. Although in-Pheasants and migratory waterfowl, have made
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significant recoveries since conservation land setvironmentally preferable production technologies
aside programs began in the mid-1980s, indicatwithout public educational or technical assistance
ing that reversals are possible. programs. The explosion of so-called conserva-
Dramatic improvements have been made irion tillage technology over the past decade and
controlling soil erosion. Overall, soil erosion lev- the growing use of field nutrient testing to cut fer-
els have fallen 50 percent since 1945 and one-thirtilizer use are two prominent examples. These suc-
over the past decade. The benefits are not onlyesses with “complementary technology’—tech-
lower productivity losses but also future improve-nology that simultaneously benefits agricultural
ments in water quality as reduced pollution fromoperations and the environment—arose largely
sediment, nutrients, and pesticides allows riversyithout public research or education program ini-
wetlands, estuaries, and reservoirs to recover. Naatives. The benefits might be even greater if pub-
all regional erosion trends are positive, howeverlic policy targets resources to such innovations
some areas have been subjected to greater stregsl helps spread adoption farther and faster.
from cropping and production practices. And 120 Subsidy programs, by themselves or in con-
million acres are still eroding at levels considerequnction with education and technical assistance,
excessive for maintaining productivity while also have produced conservation and environmental
causing environmental damages. Aspects of soains. However, they generally have not been tar-
quality apart from erosion, such as microbial acyeted to address areas suffering the largest dam-
tivity, have not been monitored and cannot beyges and have not always encouraged cost-effec-

evaluated at the present time. tive practices. For example, enrollments in the
Conservation Reserve Program (CRP), under
[J Incomplete and Ineffective Program which the government “rents” environmentally
Coverage vulnerable land from farmers, did not initially in-

Today, at least 40 federal programs give incenclude some of the nation’s most fragile lands. Fur-
tives to farmers and ranchers to adopt conservadber, the CRP rules did not permit farmers to pro-
tion and environmental technologies. There aréluce profitable commercial crops on the enrolled
three basic approaches: 1) voluntary programdand, even if they could simultaneously meet the
which provide education, technical assistanceProgram’s environmental objectives—a feature
and/or subsidies for practice cost-sharing and lanthat could have lowered the government's rental
rental; 2) compliance measures; and 3) regulatioiradyments and enhanced international competi-
An overall evaluation of each approach or for thdiveness. Enroliment procedures instituted after
total set to assess duplication, conflicts, and cowthe Food, Agriculture, Conservation, and Trade
erage has not been conducted. However, existingct of 1990 improved CRP targeting, but in gen-
evaluations indicate that strategic improvementeral did not allow the enrolled land to be used
are possible to improve long-term environmentacommercially. Careful targeting and greater atten-
performance while saving public and private coststion to costs will be essential to the success of fu-
Voluntary educational and technical assistancéure subsidy programs, which will likely have
programs, often coupled with subsidies, grew oumuch more limited scope as a result of federal
of the Great Depression “Dust Bowl!” soil erosionbudget pressures.
problems, and remain the government’s dominant Compliance schemes, a landmark development
approach. There is a lack of scientific evidence t®f the 1985 Food Security Act, link farmers’ agri-
indicate that educational and technical assistanagultural program payments to environmental im-
programs have produced significant environmenprovement. The programs cover the use of highly
tal improvements, except when combined witherodible cropland, pasture or grassland conver-
subsidies. Whenever sufficient private economicsion, and wetlands alteration. Perhaps because the
incentives exist, farmers will eventually adopt en-compliance measures were untried, their imple-
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mentation was slow and filled with uncertainty. programs delegated to states, and the states have
Regardless of their efficacy to date, the schemewsidely differing approaches. Allowing states to
suffer from two basic shortcomings. First, the sizause different approaches to pollution control may
of the compliance penalties, and so the incentivesause problems, however, when pollutants mi-
to meet given standards, are not necessarilgrate across state boundaries.
aligned with environmental priorities. Second, Taken as a whole, the current mix of regula-
compliance schemes depend on the continued réens, voluntary programs, and compliance schemes
newal of adequate agricultural program beneneither cover the broader set of environmental pri-
fits—an increasingly difficult and costly proposi- orities nor operate efficiently. As matters stand,
tion in the face of budget constraints and globathere is no clear set of environmental objectives
agricultural economic integration. and priorities for the agricultural sector, and ex-
The use of voluntary subsidy approaches andessive costs for producers, consumers, and tax-
the difficulty of monitoring pollution from agri- payers, as well as environmental losses, result.
cultural lands—the nonpoint source problem—Further, inadequate understanding of agroenvi-
has meant that agriculture has been subject to legsnmental systems, conditions, and health im-
environmental regulation than other industriesplications can lead to uncoordinated programs and
However, a growing number of regulations haveneffective signals for the agricultural sector re-
surfaced over the past two decades, and their pegarding the goals of production, technology de-
ceived influence on farmers’ management decivelopment, and environmental protection. Clari-
sions is growing. Pesticide registration, involvingfication of agriculture’s environmental responsi-
a protracted and costly review process that is bayilities, including public and private roles and im-
hind schedule, may have the broadest effects. Thsroved science would reduce uncertainty and help

regulation of pesticides has not meant overall ecaarget scarce public resources to environmental
nomic loss for the industry, but it has disadvanqpriorities.

taged specific sectors and retarded innovation that

could result in environmental improvement. ForEXPANDED TRADE CAN COMPLEMENT

example, the registration of new or existing pesti-
cides for “minor use” crops, such as many fruitsENVlRONMENTAL PROTECTION

and vegetables, has been a problem because th& global economic integration proceeds, and as
registration costs do not compare favorably withdomestic and international environmental agen-
the pesticides’ small market potential. das broaden, two subjects of increasing concern

The problems with regulation extend beyondhave been how trade might affect the environ-
pesticides. Long delays and conflicting rulingsment, and how environmental regulations might
from multiple agencies have plagued some farmaffect trade. Whether the forces of expanding trade
ers’ attempts to obtain permits for altering wet-and environmental protection can work together,
lands. Even though the percentage of theser whether they necessarily conflict, has been a
troublesome cases is small, their very existenceatter of intense debate. Over the past 20 years,
may have spread uncertainty to other farmers whthe scope of the debate has widened from domes-
will not be likewise affected. The prospect of fu-tic economic and environmental issues under U.S.
ture regulations to protect endangered speciegyrisdiction to include international commerce
control coastal zone water pollution, or addressind global environmental questions. The simple
other environmental issues adds more uncertaintbel “trade and environment” consequently cov-
for farmers in planning their production opera-ers alarge, complicated, and ever-growing web of
tions. Further, the implementation of regulationstopics that are crucially important to legal, eco-
is often uneven across states. For example, pointomic, and environmental interests alike. Four as-
source water pollution from confined animal op-pects of the relationship between trade and the en-
erations is regulated under federal water quality¥ironment merit special attention.
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First is the effect of environmental regulation specific aim of these new negotiated agreements
on trade. According to some schools of thoughtwas to reduce the likelihood that U.S. agricultural
costly environmental regulations can force do-exports would be subject to unwarranted import
mestic producers to lose export markets or movbarriers. However, product standards are also cru-
overseas. Studies of nonagricultural industries ineial to addressing certain environmental ills re-
dicate that overseas migration resulting from enlated to agriculture. For example, keeping harmful
vironmental regulations has not been significannhonindigenous species (HNIS) out of the United
overall, and that trade has been little affected. BeStates (now a significant environmental concern)
cause the U.S. agricultural sector is subject, for thdepends primarily on strictly enforcing measures
most part, to voluntary conservation and environ€overed by the codes, such as quarantines. Be-
mental programs implemented with subsidies, it€ause of the lack of precedent under the URA, itis
compliance costs are low, and so its competitivenot clear whether product standards for environ-
ness in world markets is relatively unhindered. mental purposes will come under fire as unjustifi-
Moreover, competitors abroad must comply withable barriers to trade. If they do, only future rul-
agroenvironmental programs similar to those afings by the WTO will determine their status. Other
fecting the U.S. agricultural sector as discussedgricultural-trade-environmental issues extend
below. Ultimately, the effects of a larger environ-from product standards to the growing gray area of
mental agenda on trade will depend on the types g@irocess standards, currently illegal under WTO
environmental and other programs implementedules. Examples include the enforcement of do-
to promote mutually beneficial outcomes. mestic country rules excluding genetically engi-

Some specific sectors with special environ-neered plants and animals and market standards
mental problems may be exceptions and find thdbr organic farm products. Multilateral attention
their competitiveness is hindered as a result of erte these issues could enhance U.S. production and
vironmental regulation. The most noteworthyenvironmental interests.
case thus far concerns methyl bromide, a chemical Third is the effect of trade liberalization and ex-
used in agricultural production and trade, ancpansion on the environment. Estimated shifts in
slated to be banned in the United States becausearicultural production that result from the new
contributes to air pollution. Although the benefitstrade agreements will likely cause little overall
to U.S. society as a whole of banning methyl brodamage to the U.S. environment. Indeed, environ-
mide are estimated to far exceed the costs, sonmeental conditions may improve in some areas, if
agricultural sectors will suffer disproportionately, imports displace environmentally damaging do-
losing about $1 billion per year in the short termmestic production. Certain other areas—such as
Cases such as methyl bromide should be the foct®rder zones, where trading could flourish—may
of research to investigate the policy opportunitiescome under added environmental stress, and for-
domestic and multilateral, to ease adjustmentgign species, such as invasive weeds on range-
create better substitute technologies, and help réands, could pose new commercial and environ-
tain international markets. mental risks as they enter through new trade

Second is the role of product standards. Nationpathways. Controlling these short-run domestic
al product standards, such as tolerance levels f@nvironmental quality challenges and longer-term
pesticide residues, can serve as legitimate norconflicts hinges principally on how U.S. agroen-
tariff measures to screen certain imports. Theiironmental programs are run. As explained
URA established new health and safety, as well asbove, current programs are not wholly effective:
“technical barriers to trade,” codes that addresghey do not offer comprehensive and enduring en-
this issue. Among other things, the codes specifyironmental coverage, nor do they encourage
that product standards should be based on sciencemplementary technology research and develop-
and restrict trade no more than necessary tment. NAFTA and the URA do not require the
achieve a nation’s desired level of protection. Thé&Jnited States to reduce current commodity pro-



12| Agriculture, Trade, and Environment

gram payments affecting production, or to “de-by the WTO would assist environmental and trade
couple” (that is, separate) the payments from levefficiency. Again, a multilateral organization re-
els and type of crop production. Had the URAsponsible for global environmental management
significantly reformed domestic agricultural com- could work with the WTO to ensure that both
modity programs, some net environmental im-global trade and environment needs receive ap-
provement would likely have occurred. The netpropriate consideration. Such an organization
effect of such reform depends on weighing in-could help promote alternative measures, such as
creased erosion pressure against less chemiaalchnical assistance and technology research and
use. development, to avoid unnecessary trade disrup-
Expanding agricultural production through tions.

trade liberalization may pose special risks for Efforts to expand agricultural trade and up-
countries that have inadequate environmental praggrade environmental quality can complement
grams and would respond to higher world pricegach other, if “appropriate” environmental man-
by producing more for export. Pressures on transagement programs that target significant environ-
boundary and global environmental resources ofnental problems and focus on low-cost solutions
interest to the United States, such as border wat@te properly run. To achieve this outcome research
resources and wildlife habitats, may result in signeeds to be targeted on these problems and solu-
nificant costs. With the exception of the environ-tions. Unfortunately, current programs at domes-
mental side-agreement approved with NAFTA tic and international levels do not ensure that this
neither the URA nor the present patchwork ofwill happen. Reconstitution and retargeting of do-
multilateral environmental agreements addressegestic environmental programs and technology
this kind of situation. Trade agreements will notresearch and development, introduction of new

cover all environmental problems because of theimultilateral institutions, and greater levels of mul-
necessary orientation to commerce. Some type @fiateral cooperation are essential.

multilateral environmental agreement or orga-

nization to coordinate and stimulate solutions to

transboundary and global environmental prob-AGRlCULTURAL RESEARCH NEEDS A

lems is also required. NEW DIRECTION

Fourth is how trade measures are used to meEPr many years, the nation has benefited from a
international environmental objectives. NAFTA long stream of agricultural research break-
and the URA were the first trade agreements to inthroughs that have increased agricultural output
corporate significant environmental provisions,and lowered the real cost of food. However, rela-
but the ultimate efficacy of those provisions de-tively little research has been directed toward agri-
pends on future political dynamics. The use ofculture’s relation to trade or to the environment.
trade measures in a limited number of internationLittle if any information on changing trade flows,
al environmental agreements, such as the Mormew and emerging agricultural markets, and strat-
treal Protocol to Control Substances that Depletegies to meet the needs of those markets is avail-
the Ozone Layer, has been shown effective. Cugble. On the environmental front, comprehensive
rent WTO rules do not specifically address the uséformation is not available on national trends in
of international environmental trade measureswater quality, soil quality, and agriculture’s effect
and therefore clear guidelines are not at hand. Fuen wildlife resources. Moreover, the potential for
ther, critical questions about the conditions justi-science to aid in devising complementary technol-
fying unilateral or multilateral actions and extra- ogies remains largely unexplored.
territorial objectives remain unanswered. Such A primary explanation for these differences in
“offensive” environmental trade measures haveesearch achievements can be found in the budget-
not been widely applied to agriculture, althoughary resources allocated to these topics. In 1993,
they may be in the future. Clear rules promulgatetdhe United States devoted $2.9 billion to agricul-



tural research through federal and state research
institutions. The alocation of these funds heavily
favored research on crop and livestock production
(figure 1-5), which received almost 60 percent of
all resources. Funding for research on the environ-
ment was only 12 percent, and for research on
trade, a mere 4 percent. As aresult, many potentia
chances to improve environmenta conditions and
trade revenues are being missed, and many key de-
velopments in world markets are identified belat-
edly, if at al. The dramatic shift of world trade
away from bulk commodities and toward value-
-added agricultural products, for instance, went un-
noticed for nearly a decade.

To take advantage of the trade opportunities
available to it, the U.S. agricultural community
needs information on markets in a wide range of
countries. Food consumption trends in other
countries, as an example, are important to track.
Many of the countries that will be responsible for
shaping the composition of future global tradein
agricultural products are in different stages of de-
velopment, with different income levels and dif-
ferent responses to changes in incomes, food
prices, and availability of new food products. For
the United States to become proficient at market-
ing agricultural products to these countries, it
must become more knowledgeable about their
conditions, about food tastes and taboos, and
about cultural habits that shape food consump-
tion. This new direction would present a major
challenge to an agricultural research community
that has focused most of its attention on enhancing
yields of commodities that are declining in rela-
tive importance in international markets.

The relatively low priority of agroenvironmen-
tal research is reflected in the fact that federal
agencies do not have major initiatives to under-
stand the relationships between agricultural and
environmental systems. Nor do they collect or
maintai n databases designed to evaluate compre-
hensively national water quality, trends in soil
quality (except for erosion), or agriculture’'s ef-
fects on wildlife resources. Individual agencies
monitor conditions separately, resulting in incom-
patible databases for building a national picture.

Conmmunities, institutions
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FIGURE 1-5: Agricultural Research $ Breakdown

Environment/ Marketing and trade

natural resources 4.4%
11.8%

Forestry
12.7%

Food/nutrition
5.8%

3.0%

Resources/technology
3.6%

Animals
23.80/0

Total funding $2,970,911,000

SOURCE: USDA/CSRS, Inventory of Agricultural Research, 1993

Finally, even with adequate national monitoring
data, the implications of those conditions for envi-
ronmental health remain poorly understood. For
example, many agrichemicals have not been eval-
uated fully for their potentia effects on the health
of humans or environmental systems. Because
market incentives to enhance environmental qual-
ity are incomplete, it is unrealistic to expect suffi-
cient research and development to emanate from
the private sector. Public research to provide ade-
quate science and data on agroenvironmental top-
ics, and for developing complementary produc-
tion and environmental technologies, is clearly
necessary.

Thelow level of funding for agroenvironmen-
tal research and lack of major program support for
complementary technology, will slow the re-
orientation of public research priorities from
traditional production emphases to enhancing the
integration of production and environmental
goas. Given the current research system, promis-
ing new developments in biotechnology, biologi-
cal pest controls, and information technologies to
increase the efficiency of inputs will not reach
their full potential. Only anew generation of inte-
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grated research and technology developments carther devices—to protect domestic agricultural
set the stage for an economically and environmerproducers and enhance their opportunities to in-

tally sustainable agricultural system. crease agricultural exports. Taken together, these
measures can restrict overall world trade. How-
THE VIEW FROM ABROAD ever, through increased participation in regional

Issues relating to agriculture, trade, and the envifade blocs such as NAFTA, and in the WTO,
ronment are clearly not unique to the UnitedMany countries are choosing to liberalize, rather
States. The question is, how similar or dissimilathan hinder, agricultural trade.
are the specific problems faced by other countries, This move toward freer trade coincides with
and what kinds of policies are they implementingdf@wing environmental concerns and a range of
to address the problems? Are other countries ex@overnment efforts to address those concerns. By
periencing agroenvironmental problems similarthe mid-to-late 1980s, most governments had
to those of the United States? How do their relnstituted at least some environmental legislation
sponses compare with ours? If the United State&nd regulations, and had taken moderate measures
regulates agriculture to preserve its environment© help mitigate problems. Generally, in the indus-
will it still be competitive in world agricultural trialized countries, the percentage of GDP that is
markets? Do other countries offer more support te/s€d for pollution abatement and control by the
their agricultural sectors than the United State®ublic and private sectors averages less than 2 per-
does, or less? Do other countries restrict agriculc€nt.
tural trade more, or less? Although the nature and extent of the problems
All of the countries considered in this reportmay vary, most countries are contending with
(Argentina, Australia, Brazil, Canada, France similaragroenvironmental concerns. Until recent-
Germany, Japan, Mexico, the Netherlands, Newy, though, the agricultural sectors of most coun-
Zealand, Taiwan, and the United Kingdom) inter-tries were generally not subject to environmental
vene in their agricultural sectors to achieve certaifolicies and regulations. Initial policies addres-
national objectives, such as maintaining a secur&ing agroenvironmental issues focused mostly on
safe, and adequate food supply; increasing agroil erosion, because it directly affects agricultural
cultural productivity; and enhancing the living productivity. As the agroenvironmental agenda
standards of farm families. In recent years, howhas broadened, however, many countries have be-
ever, budget constraints, international pressurejun to implement provisions for enhancing water
and socioeconomic changes have led almost all gfuality as well as protecting habitats, wetlands,
these countries to cut back on government suppo@nd countryside amenities in their agricultural po-
for their agricultural sectors. New Zealand wentlicies. Canada, Japan, and the United States have
so far as to eliminate government support altoeach reduced their wetlands by more than 70 per-
gether in 1984, other than for pest and disease coaent in some regions, but have now introduced po-
trol and some research. Mexico and the Europedities geared to protecting remaining wetlands
Union (EU) have advanced efforts to decouplghat are deemed significant, or to preventing a net
agricultural support from product prices. As partloss of all wetlands.
of its economic reforms, Argentina has drastically Most countries are coping with the environ-
reduced the implicit tax it levies on its agriculturalmental effects of agricultural production by dis-
sector. couraging harmful practices or encouraging bene-
This is not to suggest that barriers to agriculturficial ones through a variety of programs. It must
al trade are becoming obsolete. All countries conbe kept in mind, however, that federal programs
tinue to use some combination of border meaedesigned to assist agriculture still emphasize pro-
sures—tariffs, quotas, export promotions, healttduction rather than general environmental goals.
and safety regulations, licensing schemes, antio a large extent, existing agricultural policies ei-
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ther effectively raise farmers’ prices for output, orsoil conservation while newer issues of signifi-
decrease prices for inputs—both of which encoureance—water quality, wildlife habitat, and soll
age farmers to adopt intensive farming practiceguality—remain relatively neglected. Almost
that may be harmful to the environment. Agroentwo-thirds of agricultural research funding is de-
vironmental policies are then introduced to counvoted to increasing farm output, even though
teract these effects, but the artificially high priceanore output will mean more federal subsidies to
for agricultural goods make it difficult for such export surplus crops, and still more federal funds
policies to work. It is more profitable for farmers to “idle” land to control surpluses.
to use land for agricultural purposes than to letit As the United States moves toward the year
be used, for example, as wildlife habitat, and agri2000, and as continuing budget pressures con-
cultural programs enhance this disparity. strain traditional subsidy solutions, government
This dilemma is being addressed now by govmust explore innovative approaches to these di-
ernments the world over. Confronted with shrink-lemmas. Furthermore, tensions between agricul-
ing budgets, they are finding it more and more diftural policies and trends in both trade and environ-
ficult to rationalize maintaining such conflicting mental spheres create costly inefficiencies.
policies—and they are increasingly unwilling to Seeking complementary and mutually reinforcing
pay not only the financial, but also the environ-policies for agriculture, trade, and the environ-
mental, costs of supporting their agricultural secment could not only lessen budget pressures but
tors as they did in the past. Partly as a resultalso help ensure that the nation’s policies are ori-
agroenvironmental policies are moving awayented to the future.
from strictly voluntary efforts to cross-com-  Seeking complementarity would involve:
pliance schemes and regulatory measures. Thesge
policies may increase production costs, but if all

; . ) - r forces
countries are implementing similar policies and .’ -
. . = targeting program resources on priority areas,
all face increased costs, the ultimate effects on geting prog b y

competitiveness may be minimal = encouraging deve_zlop_ment of technologies that
' serve multiple objectives, and
= using markets or market-like mechanisms
wherever possible.

synchronizing domestic trends with global

A NEW CONTEXT FOR POLICY

Global integration, expanding and changing . . . . .
world agricultural markets, and heightened envi- Policy options discussed in chapter 7 for agri-

ronmental concerns are defining new policy Chal_Culture, trade, and the environment illustrate how

lenges and opportunities for the United Stateg?©!iCies and institutions can be complementary
These trends manifest themselves in an agricultuf&ther than in conflict. Central to the process will
al system that must respond more to global ma,pe allowing mar_ket for_ces to have more influence
kets; an emerging environmental agenda that exX? f00d production while at the same time com-
tends beyond traditional conservation concerng?ensating for the market's inability to signal the
and an expanding research agenda thatincreasinglueé of environmental effects that result from
ly emphasizes environmental protection, food@dricultural production. Modern market forces are
safety, marketing and trade, and profitable, yet erfined to world-wide trends. Their signals help
vironmentally sustainable agricultural systems. guide production patterns toward future markets,
While the context has changed, federal policiesather than tie them to past patterns of use. Those
and programs affecting the agricultural sectosame signals can help research institutions deter-
have not changed. They promote production ofnine research priorities that are consistent with
bulk commodities and hinder possible opportuni-hational and international trends. Current com-
ties for U.S. farmers in fast growing value-addedmnodity and conservation programs tie U.S. agri-
export markets. They divert major resources taulture to the past. To provide complementarity
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among agricultural production, trade, and the en- As the United States heads into the next centu-
vironment many current programs need to be dra?y, such complementarity could have a key influ-
matically restructured, if not eliminated; funda- ence on the standing of U.S. agriculture in a global
mental policy changes need to be considered. economy. Indeed, seeking complementarity among
The pace of change must be carefully plannedhese policies will allow the United States to cap-
however, so that the agricultural system and reture the opportunities of global market expansion
lated environmental stresses are not thrown out ¢Fhile protecting and advancing domestic goals re-
balance by abrupt suspension of federal programtited to environmental quality as well as to the
In chapter 7, a number of policy options arecompetitiveness of the agricultural sector. More-
spelled out that would move federal programs tooVer, seeking complementary and mutually rein-
ward a better balance with international marketsforcing policies will likely require fewer govern-
budget realities, trade deficits, and environmentaent resources in an era of increasing budget
concerns. The time sequence is five years which &ringency. Equally important, pursuing comple-

in keeping with the time framework of recent agl,i_mentarity can help ensure that the nation’s policies
cultural legislation. are oriented to the future, not anchored to the past.
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ar-reaching changes in technology, domestic and global

markets, and organizational structure have had a profound

impact on the U.S. agricultural system. Within the new

framework that has evolved, agricultural output, market-
ing decisions, and farmers’ incomes are tied ever more tightly to
global markets and market prices. The traditional beacons of do-
mestic demand and government farm programs, which farmers
looked to for guidance on what to plant, how to market, and what
to export, are steadily being replaced by market signals—signals
that emanate from many different countries and filter through
markets located in urban areas like New York, Chicago, Mem-
phis, and Kansas City.

The structure of farms has changed as well. Six million farms
produced the nation’s food during World War I, but now, a com-
mercial agricultural sector of less than one million farms accounts
for more than 95 percent of all farm output. Another million or so
part-time farming operations add to agricultural supplies, al-
though the operators of these farms earn more from work they do
off the farm than from farming itself. Together, higher farm in-
comes on commercial farms and more off-farm income on part- s
time farms have raised farm household incomes to the national
average of all U.S. households. The improved economic status of\
farm households has helped to stabilize the farming sector, slow-
ing the loss of individual farms and helping more farms to stay
solvent.

As technological, economic, and social forces have combined
to increase the average size of farms, farm output has increased.
As output has grown—as domestic surpluses have become the
norm, and budget costs for disposing of stocks a major concern—
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public debate over adequate food supplies hawmore appropriately to expanding global markets.
been supplanted by concerns about food qualityAnother useful change would be to redirect cur-
human nutrition, food safety, environmentalrent market research efforts. Approximately 60
protection, and the development of a sustainablpercent of all food and agricultural research ex-
agricultural system. In this new paradigm, farmpenditures is directed to animal and crop produc-
tillage methods have changed and the envirortion; less than 5 percent is spent on researching in-
mentally unfriendly moldboard plow has largely ternational and domestic markets. As global
disappeared; fertilizer and pesticides have beemarkets continue to change, more research on
monitored more closely for their impacts on waterchanging trends in food trade, and their implica-
quality as well as crop output; and biotechnologytions for U.S. agriculture, is essential.
has been hailed as an evolving technology that can With farm incomes higher, and with global
potentially improve productivity as well as en- markets now boosting demand for U.S. agricul-
hance food quality, food safety, and environmentural products (especially value-added food ex-
tal quality. ports), the nation has an opportunity and, some
Faced with new demands from consumersyould argue, the government an obligation to for-
farmers have devised new marketing arrangemulate new policies for U.S. agriculture. As a
ments to better match farm output with consumefoundation for developing future legislative op-
needs. Contract production and vertical integrations, this chapter examines in detail the state of
tion (in the firstinstance, producing goods accordthe U.S. agricultural system, its evolution over the
ing to strict contractual stipulations; in the secondpast few decades, and its operation in the current
putting functions such as production, marketingeconomic and technological climate.
and retailing all under one roof) have become cru-
cial to agricultural production, lowering econom- THE AGRICULTURAL PRODUCTION
ic risk and improving quality control. Simulta- gySTEM
neously, developments in other countries ha"%

broadened the compaosition of their agricultural -S. agriculture has undergone tremendous

imports, expanding markets for U.S. value-adde&hanges in the course of this century. Gone are the

food items (a category that includes processegays of the Great Depression, with its low prices

grains, fruits, vegetables, and meat). As U.S. eXand incomes. Gone are the days of World War 11,

ports of bulk commodities (mostly raw grains) when more farm output was deemed a national

slumped in the early 1980s, exports of value-ado‘-)nomy' Gone are the post-war decades of agricul-

. . tural adjustment, when surpluses burdened mar-
ed foodstuffs continued to grow, offsetting some, ) .
. . ets and farm numbers sometimes fell more in a
of the loss in export earnings. Even though ©XSingle year than they now fall in a decade. Toda
ports of U.S. value-added foods expanded, how- gey y ' Y

. ) ricul ivity is i [
ever, total global trade in these items expandeag cultural productivity is impressive, resources
are concentrated on larger farms although part-

faster—which means that the United States, rela: o .
) : . : ime farming is widely practiced, and farm house-
tively speaking, has been losing ground in glob

old incomes have improved considerably. De-
food markets. . : . i
Part of the problem is the United States’ em_splte the changes, agriculture remains an industry
P f enormous diversity, in terms of geography, pro-

F;?ﬁ'srgnrgﬂg t?]c;rtn(;?io?r']gf;'j ?n Iﬁ]%a%3(gsc$;§gguction systems and practices, and in terms of in-
prog g ' Gome levels and asset values.

programs result in multiple subsidies, first for pro-

ducing bulk commodities, and then for disposing ) )

of them in export markets. Substantial budget sav-} Commercial Farms and Agricultural

ings and greater efficiency could come from grad- Output

ually phasing out incentives for producing bulk The structure of the U.S. agricultural sector has
commodities, and allowing farmers to responcbeen streamlined substantially over the past few
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years, as a conseguence of four key factors. First,
technology in the form of mechanization allowed
individual farmers to handle more acres of land,
while new technology in the form of higher yield-
ing seed varieties and pesticides increased output
and lowered real commaodity prices. Second, low-
er real prices cut into the incomes of farmers who
were unable to produce more, leading some of
them to seek jobs off the farm and others to retire.
In both instances, other farmers generally took
over their land. Third, farmers learned to manage
their land better; and fourth, job opportunities off
the farm grew. Slowly, the six million farms that
existed during World War 11 became two million
farms by 1994."

The decline in farm numbers reflects the loss of
more small, part-time operations (those selling
less than $20,000 worth of output) than larger
commercial farming operations.’In 1978, some
1.6 million farms sold less than $20,000 worth of
output. Most were part-time operations. By 1993,
the number of such farms had fallen to 1.1 million,
aloss of 500,000 farms over 15 years (figure 2-1).
In this same period, the number of farms selling
more than $20,000 worth of output actually in-
creased, rising from 908,000 farms to 960,000
farms (22).

As the total number of farms declined, the
shares of output accounted for by commercia and
part-time farms changed. Part-time farms (under
$20,000 worth of sales) accounted for 7.5 percent
of al farm output in 1978 and 6.2 percent in 1993
(figure 2-2). Intermediate-size farms-farms sell-
ing between $20,000 and $100,000 worth of out-
put—also lost in terms of share of production:
they accounted for 30 percent of farm output in
1978 and 17 percent in 1993. Larger farms-those

FIGURE 2-1: Number of Farms by Size of Sales
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selling more than $100,000 but less than $250,000
worth of output annually—increased their share
of total farm output from 18 percent in 1978 to 21
percent in 1993. Farms selling more than
$250,000 worth of output each year also increased
their share of total farm output. Although they rep-
resent only 6 percent of all farms, these enterprises
now account for 57 percent of al farm output, up
from 45 percent in 1978.

The fact that only two million farms, or more
accurately one million commercia farms, can sat-

The number of farm varies according to whose estimate is used. The 1992 Census of Agriculture counted 1,925,000 farms, but excluded
farms currently in the Conservation Reserve program (CRP) and farms producing Christmas trees. Horse farms were included. The U.S Depart-
ment of Agriculture’s (USDA) estimate of farm numbers for 1992 is 2,094,000, a figure that includes CRP farms and Christmas tree farms, but

excludes horse farms. The USDA estimate for 1994 is 2,044,000 farms.

“The definition of what constitutes a commercial farm varies by region and type of farm, as does the definition of what constitutes a part-time
farm. Some farms with large sales probably are managed by operators who aso manages off-farm enterprises and considers the farm enterprise

as less than full-time employment. Alternatively, some farms with less than $20,000 of sales may engage the operator full time. For this study,
we have arbitrarily divided farms into part-time (under $20,000 in sales) and commercial (more than $20,000 in sales) farms.
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FIGURE 2-2: Farm Qutput by Farm Size
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isfy the nation’s food and fiber needs is the result
of large increases in land and labor productivity.
Technical advances such as hybrid seeds, irriga-
tion, fertilizer, and pesticides have raised crop
yields and reduced the number of acres needed to
satisfy agricultural markets. Larger machines can
cover more acres and lower the amount of labor re-
quired, thus reducing the number of farmers need-
ed. But that is not the whole story. Insect-resistant
storage bins and chemicals to control rodents have
reduced storage losses, and feed conversion rates
for animal production have risen sharply, decreas-
ing the amount of feedstuffs needed to produce
meat. As yields and feed conversion rates went up
and storage losses went down, farmers needed
fewer acres to grow grain. As the sizes of ma-
chines increased and their numbers declined, few-
er farmers were required to feed and clothe the ex-

panding U.S. population, which grew by some 55
million people between 1970 and 1994. Even
though export markets nearly doubled in volume
over this period, crop production capacity still
outdistanced markets, leaving on average some 55
million acres idle each year between 1984 and
1993.

[JEconomic Status of Farm Households

As the farm sector restructured itself, household
income on both commercial and part-time farms
rose significantly. Incomes rose on commercial
farms as farming activities expanded and lowered
per-unit costs of production on larger sales; and
incomes rose on part-time farms as well, as family
members found more work off the farm. The com-
bination of higher farm incomes on commercial
farms and higher off-farm incomes on part-time
farms raised average incomes of all farm house-
holds. In 1993, for example, the U.S. Department
of Agriculture (USDA) reported that average farm
household income, from al sources, totaled
$42,911 (22). For the same year, the Bureau of the
Census reported that the average U.S. household
had an income of $40,885 (29).

The data in figure 2-3 illustrate that farmhouse-
hold incomes vary by farm size—and that the
source of their incomes also varies. Generally, as
farm size increases, farm income increases. For
example, the amount of net farm income rises to
$7,845 for farms selling between $50,000 and
$99,999 worth of products annually, and reaches
more than $128,000 on farms selling more than
$500,000 worth of products annually. The essence
of the farm situation today is that smaller farms
earn most of their income off the farm, and actual-
ly lose money on their agricultural activities; larg-
er farms make money from both their agricultura
activities and employment off the farm.’

The low income from farming operations
shown in figure 2-3 for intermediate-size farms
($50,000 to $99,999 worth of sales) leads many
analysts to conclude that farm financial problems

‘All farm income statistics cited are net of all expenses, including depreciation.
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FIGURE 2-3: Farm Household Income 1993
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are concentrated primarily on this size farm. How-
ever, when income from sources off the farm is
taken into account, these intermediate-size farms
averaged household incomes of $38,309 in 1993,
dlightly under the average income of all U.S.
households of $40,885 (29). As averages, both
figures can hide wide variations in income. The
data suggest, however, that when off-farm income
is included in farm household income calcula-
tions, farms households are faring about as well as
nonfarm households.

Variations in farm household income also re-
sult from differences in other organizational char-
acteristics of farms. An important difference re-
lates to borrowed capital. Some farms use large
amounts of borrowed capital and have large inter-
est payments. Others operate without borrowed
capital and have low interest costs. Overall, the
farming industry has a very low debt-to-asset ra-
tio, averaging 16 percent in 1993 (15). Large
farms (those with sales exceeding a half million
dollars annually), have debt-to-asset ratios ex-
ceeding 25 percent (22); smaller farms have debt-
to-asset ratios that range as low as 11 percent.

However, as figure 2-3 indicates, the income of
larger farms is much greater and it follows that
debt repayment capacity is also larger.

Another measure of farm diversity is the rate of
return on assets used in the farm business. Al-
though large farms have high debt-to-asset ratios,
those same farms have high rates of return on
owned assets. For example, farms selling more
than a million dollars of output annually have av-
erage rates of return of 25 percent according to one
land grant university study (10). As farm size de-
creases, the rate of return declines to around 10
percent for farms selling between $100,000 and
$250,000 worth of products, and is negative for
farms selling less than $40,000 worth of products
annually.

Government payments to farms also vary great-
ly, depending on farm size. Figure 2-4 divides
farms into four size groups and shows the average
payments to each group for 1987 and 1993. Direct
payments made to farmers reached a high of $16.7
billion in 1987 and declined to $13.4 billion in
1992. The distribution of payments followed pat-
terns of production with smaller farms receiving a
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FIGURE 2-4: Government Payments by Farm Size FIGURE 2-5: Net Farm Income and
Government Payments
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smaller share and larger farms receiving a larger
share. Farms with sales under $20,000 annually
received 4.8 percent ($593 per farm) of al direct
payments in 1987 and 3.4 percent ($458 per farm)
in 1993 (figure 2-4). Farms with sales of more
than $250,000 received 28 percent ($52,557 per
farm) in 1987 and 35 percent ($35,579 per farm) in
1993. Payments varied between these figures for
farms with sales of more than $20,000 but less
than $250,000 annually.’

The decline in direct government payments be-
tween 1987 and 1993 had little effect on net farm
income. As figure 2-5 illustrates, net farm income
was $39.7 hillion in 1987 and $43.4 hillion in
1993. The $3.3 hillion drop in direct government
payments between 1987 and 1993 was offset by a
$33.2 hillion increase in cash receipts and a $29.3
billion increase in cash expenses. The difference,
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$3.9 hillion, covered the $3.3 billion drop in pay-
ments, and contributed $0.6 billion of the $3.7
billion increase in net farm income. About half of
the $33.2 billion increase in cash receipts was due
to arise in farm exports, which increasedby$14.1
billion between 1987 and 1993. The remainder
was accounted for by increased domestic con-
sumption, including more industrial uses of agri-
cultural products and increased livestock sales.

OSize and Diversity

Although individual farms may have undergone
many changes in past years, the size and diversity
of U.S. agriculture as awhole have remained the
same. There are 2.3 hillion acres (3,594,000
sguare miles) of open land outside the nation’s ci-
ties—land that stretches from the irrigated valleys
of Californiato thetile-drained lands of northern
lowa, from the windswept plains of western Kan-

‘The European Union reports similar distributions of characteristics among its farms. See chapter 6.
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TABLE 2-1: Total Land Area Land in Farms and Land Used for Crops

Millions of acres

Total land in

Land available

Land planted Land harvested

Year Total land area farms for Crops to crops for crops
1970 2,264 1,063 384 333 289
1975 2,264 1,059 369 367 330
1980 2,264 1,038 382 382 342
1985 2,265 1,012 403 372 334
1990 2,265 987 403 341 310
1992 2,265 980 395 340 308
1993 2,265 978 391 332 299
1994 2,265 975 389 340 311

SOURCE: U.S. Department of Agriculture, Economic Research Service, Agricultural Resources,

Situation and

Outlook Report, AR-30, May 1993 and personal communications.

sas to the rolling pastures of Vermont and Maine.
Across this vast expanse of land, farms accounted
for 43 percent, or 975 million acres, in 1994. Y et
these 975 million acres reflect a drop of over 85
million acres in farmland since 1970 (table 2-1).
The downward trend in land available for farming
was of widespread concern during the 1970s, as
rising world food needs generated fears that sci-
ence and technology would not provide sufficient
output to offset the loss of cropland. But that con-
cern slowly dissipated in the 1980s as production
levels continued to rise, commodity exports de-
clined, and large acreages of cropland again had to
beidled under government farm programs.
Despite a decline in the amount of land in
farms, land available for crops actually increased
after 1975, rising from 369 million to over 400
million acres in 1985 before declining to 389 mil-
lion acres in 1994. The increase came about as
farmers plowed up grass and other types of non-
cropland and planted it with crops. Much of this
expansion occurred in the 1970s, as an export
boom increased economic returns. Some 30 mil-
lion acres were added to the cropland base during
this period (table 2-1 ). The expansion did not ex-
haust the supply of available acres. A 1975 study
found that 111 million acres of land could be con-

verted to crop production (27). A second study
completed in 1977 found even more land, 127
million acres (28). However, this figure reflected a
decline from the previous decade: in 1967,
USDA'’s Conservation Needs Inventory had re-
ported that 265 million acres could be converted
(8). None of the studies specified what kinds of
market prices would induce farmers to move more
of these acres into crop production.

More important than land in farms, or even
acreage available for crops, is the amount of land
actually harvested. This measure of productive ca-
pacity varies more than land used for farms or land
available for crops: it rises in good economic
times (e.g., the 1970s) and falls in bad ones (the
1980s). By 1994, harvested acreage was down 30
million acres from what it had been in 1980. Many
of these acres were drawn out of production by
government-sponsored land retirement programs.
In 1993, annual and long term land retirement pro-
grams removed over 56 million acres of cropland
from cropping (table 2-2) while land harvested for
crops was down 43 million from 1980. The
13-million-acre differential between the reduction
in acreage harvested and the amount of acreage
under government programs included land in the
Conservation Reserve Program (CRP)°that had

“The CRP was authorized by the Food Security Act of 1985. It was intended to remove at least 45 million acres of erosion-prone land from

production, and ensure that these acres would be used to plant grass or trees. More information on the CRP is provided in chapter 4.
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TABLE 2-2: Federal Acreage Reduction Programs, 1975 - 1993

Millions of acres idled, by commodity

Wheat Feed grains Cotton Rice Other Total
Annual programs
1980 0 0 0 0 0 0
1985 71 18,8 3.6 1,2 0 307
1990 75 171 2.0 1.0 0 27,7
1993 4,6 13,3 13 0.6 0 19.9
Conservation reserve program
1980 0 0 0 0 0 0
1985 0 0 0 0 0 0
1986 0.6 0.6 0.1 0 0.7 2.0
1990 10,3 10,2 13 0 12.1 339
1993 109 11,0 14 0 13,2 36.5
Total acres idled
1980 0 0 0 0 0 0
1985 7.1 18,1 3.6 1,2 0.7 30.7
1990 17.8 27.3 3.3 1,0 12,1 61.6
1993 15.5 24,3 2.7 0.6 13,2 56.4

SOURCE: U.S. Department of Agriculture, Economic Research Service, Agricultural Resources, Situation and Outlook Report,

AR-32, October 1993

not been previously planted with program crops,
and other acres that are often called dlippage (i.e.,
cropland that might not have been planted if acre-
age reduction programs had not been in place).
Examples include cropland pasture that went into
the CRP, and areas around the edge of fields or
along streams where tillage is difficult and the risk
of machinery accidents is high.

Wheat and feed grains account for most of the
acres removed from crop production by land re-
tirement programs. In 1993, for example, 15.5
million acres of wheat land and 24.3 million acres
of feed grain land were placed under government
acreage reduction programs. An additional 3.3
million came from cotton and rice land. The total
land idled was 56 million acres: 36 million acres
in the CRP and 20 million acres in annual pro-
grams for wheat, feed grains, and other crops. The
CRP retired almost equal amounts of wheat and
feed grain acres: 10.9 million acres of wheat and
11.0 million acres of feed grains. Of widespread
interest is what will happen to CRP acres when the
10-year contracts under which land is idled begin
to expire in early 1996.

TECHNOLOGY AND MANAGEMENT
PRACTICES

Acres idled under government programs are one
important source of potential farm output. Anoth-
er is technology. Technological innovation has
played a significant role in transforming agricul-
ture in the past, and still promises to have major
impacts on the U.S. agricultural system. The tran-
sition from horsepower to mechanical power
(1920 to 1950) boosted the productive capacity of
agriculture even as farm labor requirements de-
creased dramatically. From 1950 to 1980, agricul-
tural productivity rose further as irrigation, tillage
practices, chemica fertilizers, and pesticides
helped farmers to increase yields. Changed in how
these technologies are used, which have been
prevalent in the past decade, are discussed below.

Olrrigation Water Use

Like the idled acres under government programs,
irrigated cropland is of interest from an environ-
mental standpoint. Irrigation can lead to so-called
“intensive” farming: with a plentiful water supply,
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a fanner may use more fertilizer and other chemi=sss
cals to get correspondingly higher levels of out-.
put. As fertilizer and pesticide use increases, th
danger of runoff and seepage into undergroun
waters and aquifers also increases.

Despite such problems, and the expen
associated with its development, irrigation re
mains a key agricultural technology. In specialty,
crop production, irrigation is an insurance policy,®
protecting high-value crops against drought. In;%
some instances, it also improves quality. Market
ing specialists from the McDonald’s Corp. recent-
ly pointed out that:

Potatoes, particularly the type valued for the
ubiquitous French fry, require more irrigation
water, fertilizer and other chemicals than do
many other crops. These requirements for pota-
to growing havesignificant effects on produc-
tion and management requirements (6).
With irrigation, the fast-food industry has the
size and quality of potato that satisfies consume
demand for French fries. Without irrigation, it _
might have to develop other varieties. W

The positive characteristics of irrigation led to a o=/
sharp increase in irrigated acres during the boo T Y
years Qf_the 19703 Compared with 39 million Irrigation scheduling and uniform distribution are key factors
acres irrigated in 1969, some 50 million acres: improving irrigation management and reducing
were irrigated by 1978 (table 2_3) Much of the agrichemical Iosges. Shown here s a center pivot irigation

. . stem that provides water for nearly 270 acres of com.

additional output from the increased acreage went
to overseas markets. When exports declined in th
1980s and farm income declined, the number of ir
rigated acres dropped, settling at 46 million acred
in 1987. Subsequent improvements in agricultural
markets led to another expansion in irrigated landm Tillage Methods
to 53 million acres in 1993. At that point, water for Along with using irrigation water more efficient-
irrigation accounted for 81 percent of all fresh wa-ly, farmers have found new ways to till their crop-
ter used in the United States (18). land. In some instances, the motivation to use new

Along with the rise in the total number of acrestillage methods is economic: these practices can
irrigated, total water use for irrigation increasedlower production costs for many farmers (2). In
steadily during the 1970s. After 1980, water useother cases, the incentive is eligibility for farm
for irrigation stabilized, reflecting fewer acres irri- program payments. Under the Food Security Act
gated and a decline in per-acre use, from 2.09 ft bf 1985, commonly known as the 1985 farm bill,
acre in 1970 to 1.80 ft/acre in 1993. New irrigationfarmers with land especially prone to erosion were
techniques helped farm operators find more effici-required to have a conservation plan in place for
ent ways of using irrigation water—a trend thattheir farms by January 1, 1995, or possibly lose

_%odes well for the growing water demands of ci-
ies and instream uses. (See chapter 4.)
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Millions of acres

Region 1869 1978 1987 1900 1993
Atlantic seaboard 1.8 2.9 3.0 34 34
Corn belt & lake states 0.5 14 2.0 2,2 2.7
Northern plains 4.6 8.8 8.7 9.8 10.6
Delta  states 1.9 2.7 3.7 4.6 5.4
Southern Ppains 7.4 7.5 4.7 55 5.3
Mountain 12.8 14.8 13.3 14.6 145
Pacific 10.0 12.0 10.8 114 10.8
Total 39.1 50.4 46.4 51.6 52.8
SOURCE:U.S. Department of Agriculture, Economic Research Service, Agricultural  Resources, Situation and Outlook Report,

AR-30, May 1993;

program benefits. Through 1992, loss of farm pro-January 1,1995, when conservation plans were re-
gram payments for violations of conservation pro-quired.

visions (often called Sodbuster provisions) had One way for farmers to meet conservation re-
been relatively small: $6.4 million on 129,000 quirements and maintain their eligibility for farm
acres (18). However, as late as 1993, a total of 5%rogram payments is by adopting “conservation
million acres out of the 148 million acres desig- tillage” practices. (For an explanation of con-
nated by the Soil Conservation Service (SCS) aservation tillage, see box 2-1.) Corn and soybeans,
“highly erodible” were subject to a conservation two crops that leave land susceptible to wind and
plan that was not fully applied or not yet certified. water erosion, illustrate the rapid rate of adoption.
Another seven million acres were not under anyTwenty-one percent of corn acres were farmed us-
conservation plan, either because producers hathg conservation tillage in 1988 and 39 percent in
not requested such a plan from SCS or had not act992 (table 2-4). Soybean production went from
cepted a proposed conservation plan (18). Thes&6 percent using conservation tillage in 1988 to 37
numbers suggest that up to 62 million acres mighpercent in 1992. Wheat has shown a smaller in-
have been ineligible for program payments oncrease. Nineteen percent of the 1988 wheat crop
was produced with minimum tillage, and 25 per-
cent in 1992. One explanation for conservation
tillage’s apparent lack of popularity in the wheat
sector is that wheat growers have long used fallow
systems that maximize moisture retention. The
new tillage systems are similar to those already
used by wheat growers (with the exception of no
till, and production of wheat using the no-till
method has increased). For rice and cotton, the
major change has been the substitution of other
conventional tillage methods for methods that
used the moldboard plow. Use of the moldboard
plow in cotton decreased by half between 1988
and 1992. The moldboard plow had not been
widely used in rice production for sometime, but
even in this sector farmers are using it less. Na-
Conservation tillage provides many advantages for farmers tional sales of new moldboard plOWS consequent-
and the environment. It is being adopted by more farmers

each year ly dropped from 60,543 in 1974 to only 1,382 in
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BOX 2-1: Conservation Tillage

Conservation tillage is defined as any tillage and planting system that (a) leaves at least 30 percent
of the planted soil surface covered by residue to reduce soil erosion by water, or (b) leaves at least
1,000 pounds of residue per acre during critical periods when soil erosion by wind I1s a primary con-
cern. Two key factors influencing the amount of crop residue are the type of crop previously harvested
and the type of tillage operations carried out before and during planting. There are three types of con-

servation tillage practices:

1. No Till, The soil is left undisturbed from harvest to planting, except for nutrient injections. Seeds are planted
in a narrow bed or slot created by coulters, row cleaners, disk openers, in-row chisels, or roto-tillers. Cul-
tivation may be used for emergency weed control.

2. Ridge Till. The soil is left undisturbed from harvest to planting, except for nutrient injection. Seeds are

planted in abed prepared on ridgeswith sweeps, disk openers, coulters, or row cleaners. Residue is left on
the surface between the ridges. Weeds are controlled with herbicides and/or by cultivation. The ridges are

rebuilt during cultivation.

3. Mulch Till. The soil is broken before planting with tillage tools such as chisels, field cultivators, disks,
sweeps, or blades. Weeds are controlled with herbicides and/or by cultivation.
Other types of tillage and planting systems that leave less than 30 percent of the soil's surface cov-

ered by residue may meet erosion control goals with or without other supporting conservation practices
(for Instance, strip-cropping, contouring, or terracing).

SOURCE: USDA/ERS, May 1993, p 31

1991, reflecting a dramatic change in less than two
decades (14,15).

As the use of conservation tillage has in-
creased, horsepower requirements on farms have
changed. Annual sales of large tractors (those with
more than 99 hp) peaked in 1990 at 22,800 units
and declined 11 percent by 1994 (table 2-5). Sales
of extra-large, four-wheel-drive tractors dropped
sharply. Sales of smaller tractors were more
stable.

Conservation tillage uses less fuel as well as
less horsepower. Gasoline use on farms has de-
clined strikingly, from 2.9 billion gallons in 1981
to 1.6 billion gallonsin 1992. Diesel fuel use de-
clined dlightly, and the use of liquid petroleum gas
was cut by a full 40 percent (17). Even though
some of the reduction may be attributed to more
efficient and increased amounts of custom ser-
vices, the clear inference is that conservation till-
age has reduced the amount of fuel used on farms.
The effect on labor use has been less dramatic. To-
tal hours of contract and hired labor used on farms
declined about 8 percent between 1981 and 1991.

Taken together, lower fuel use and decreased |abor
requirements resulted in lower production costs.
One Ohio study estimated that a shift to no-till
methods reduced production costs by $20 per
acre, compared with the costs of conventional till-
age practices. The same study found that substi-
tuting a chisel plow for a moldboard plow reduced
production costs by $8 per acre (2).

OFertilizer and Pesticide Use

Applications of fertilizer declined after 1981, as
farm programs drew land out of production and
weaker markets reduced farm incomes. In 1983,
when planted acreage was reduced by nearly 50
million acres in an attempt to lower stockpiles,
fertilizer use dropped nearly 25 percent. Fertilizer
applications increased again in 1984, but not to
previous highs, as crop acreages expanded to off-
set the effects of a drought in 1983 and govern-
ment programs. These lower usage levels reflect
a sharp reversal of earlier trends. Total use rose
from 7.5 million nutrient tons in 1960 to
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TABLE 2-4: Tillage Systems Used in Crop Production, 1988 to 1992

Crop and tillage system 1988 1989 1990 1991 1992
Corn (million acres) 53.2 57.9 58.8 60.4 62.9
No till (percent) 7 5* 9 10 12

* * *
Ridge-till 2
Mulch-till 14 17 18 20 25
Conv/wo/mbd plow* 20 59 57 55 49
Conv/w/mbd plow’ 20 19 17 15 12
Soybeans (million acre) 48.8 50.9 48.2 49,2 48,6
No till (percent) 4} § 7 10 14
Ridge-till ' 1
Mulch-till 12 16 18 21 22
Conv/wo/mbd plow 62 58 57 55 53
Conv/w/mbd plow 22 20 18 14 10
Wheat (mill lon acres) 45,1 54.3 59.1 50.7 56.5
No till (percent) 1 1 3 3 4
Mulch-till 18 21 19 21 21
Conv/wo/mbd plow 66 65 67 66 65
Conv/w/mbd plow 15 13 11 10 10
Rice (million acres) 21 21 1.8 1,9 2.0
No till (percent) ’ : 1 2 1
Mulch-till 2 3 4
Conv/wo/mbd plow 96 97 96 94 95*
Conv/w/mbd plow 2 1 1
Cotton (million acres) 9.7 8.4 9.7 10.9 102
No till (percent) : : 1 1 :
Mulch-till 1 1
Conv/wo/mbd plow 72 84 84 76 88
Conv/w/mbd plow 28 15 14 21 12

‘Conventional without moldboard plow
*Conventional with moldboard plow

*Included in no-till for these years

SOURCE: U.S. Department of Agriculture, Economic Research Service, Agricultural Resources, Situation and Outlook Report,
AR-29, February 1993

TABLE 2-5: Numbers of Tractors Purchased, 1966-1994, by Size and Type

Year 40-99 hp >99 hp 4-wheel drive Total tractors sold
1986 30,800 14,300 2,000 47,100
1987 30,700 15,900 1,700 48,300
1988 33,100 16, 100 2,700 51,900
1989 35,000 20,600 4,100 59,700
1990 38,400 22,800 5,100 66,300
1991 33,900 20,100 4,100 58,100
1992 34,600 15,700 2,700 53$000
1993 35,500 19,000 3,300 57,800
1994 39.100 20,400 3,700 63,200

SOURCE: U.S. Department of Agriculture, Economic Research ServiceARE/ Updates Farm Machinery, No. 1, 1995
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TABLE 2-6: Fertilizer Use in the United States, 1960-1993

Millions nutrient tons

Year Nitrogen Phosphate Potash Total
1960 2.7 2.6 2.2 7.5
1970 75 4,6 4.0 17.2
1980 11,4 54 6.2 23.1
1985 11,5 4,7 5.6 21.7
1990 111 43 5.2 20.6
1991 11,3 42 5.0 20.5
1992 11,4 4,2 5.0 20.6
1993 na na na 19,8

SOURCE U S Department of Agriculture, Economic Research Service, Fertilizer Use and Trade, March 1993

16.1 million tonsin 1970, and continued upward
thereafter, reaching a high of 23.1 million tons in
1980 (table 2-6). By 1993, however, fertilizer ap-
plications totaled 19.8 million short tons, down
14.3 percent from 1980.

The dip in fertilizer use to below 20 million
tons in 1993 may have been a temporary phenom-
enon, reflecting that year heavy rains and flood-
ing. What may be more permanent is the pressure
on growers to reduce al kinds of chemical usein
farming. Concerns over environmental impacts
have subjected all agricultural chemicals to new
and more intense scrutiny. (See chapter 4.)
Coupled with intense cost pressures that force
growers to reduce inputs wherever possible, al
chemical use has stabilized or fallen.

The pattern of pesticide use mirrors that of fer-
tilizer use: rising sharply in the 1970s, peaking in
the early 1980s, and dropping sharply thereafter.

By 1990, total pesticide use was down 13 percent
from the record set in 1982 (table 2-7). Pesticide
use declined in 1993 by an estimated 3 percent
(17). Trends in use of individual pesticides have
varied. Herbicide use expanded rapidly in the
1960s and 1970s, peaked in 1982 and then eased
downward. Insecticide use was relatively steady
from 1964 through 1976 and then dropped off
sharply. Fungicide use was relatively stable
throughout the period. Corn production ac-
counted for the greatest percentage of pesticides
used in U.S. agricultural production (43 percent in
1992), in part because corn is planted on more
acres than any other crop. Soybean production ac-
counted for 12 percent of pesticide use; cotton, for
10 percent; and potatoes, for 7 percent. Wheat,
grain sorghum, and rice accounted for about 3 per-
cent each; peanuts and citrus fruits, for 2.5 percent
each.

TABLE 2-7: Estimated Quantities of Pesticides Applied to U.S. Crops,

Selected Years 1964-1992

Quantities applied to crops (1,000 pounds)

Years Herbicides Insecticides Fungicides Other pesticides Total pesticides
1964 54,884 128,167 21,715 27,983 232,750
1966 87,351 121,717 21,660 24,233 254,961
1971 198,949 137,808 30,906 31,565 399,228
1976 368,422 135,920 29,546 31,072 564,960
1982 464,596 84,793 27,519 35,417 612,325
1990 376,363 56,617 31,632 68,958 533,571
1991 368,269 51,055 33,117 80,900 533,341
1992 387,126 56,837 34,242 85,657 563,863

SOURCE: USDA/ERS, Unpublished Data, May 1994



30 | Agriculture, Trade, and Environment

Genetically engineered tomatoes, approved by the FDA in 1994 (left), and control (right) 3 weeks after harvest.

The decline in pesticide use between 1982 andnd improve food safety and quality. Some of the
1992 may continue. Public and government presmajor technologies that will be influential in the
sure on agricultural producers to work in greaterfuture are outlined below.
harmony with nature—that is, to practice "sus-
tainable agriculture”-already has induced manym Biotechnology

to.change their farmi_ng practices,las noted abOV?BiotechnoIogy, broadly defined, includes any
With regard to such inputs as fertilizers and pestitechnique that uses living organisms or processes
cides, the overuse that characterized the farmingo make or modify products, improve plants or

of decades past was called into question during thgnimals, or to develop microorganisms for specif-
economic downturn of the 1980s. Upon close ex-ic yses (12). It relies on two powerful molecular
amination, reduced levels of inputs often weregenetic tools: recombinant deoxyribonucleic acid
fc_>und to offer_l_ower costs with little or no loss in (rDNA); and cell fusion technologies. Using these
yields. In addition, a generation of new and moreyos, scientists can isolate, clone, and study the
effective pesticides has helped lower usage levelgtrycture of an individual gene, as well as explore
(although not necessarily costs). As future farmihe gene’s function. Such knowledge allows sci-
prices and incomes remain uncertain, especiallgntists to exercise unprecedented control over bio-

on smaller and moderate-size farms, input usgogical systems, leading to significant improve-
Wlll, in all ||ke||h00d, be monitored CIOSEIy to ments in agricu|tura| plants and animals.

hold down production costs. Some of the new technologies are or will soon
_ be on the market. For example, in early 1994, the
m A New Generation of Technology U.S. Food and Drug Administration (FDA) ap-

Change certainly has taken place in how currenproved the first genetically engineered tomato,
technologies are used. But change is also takingvhich has an extremely long shelf life and a better
place in the types of technologies that will be usedlavor than many tomatoes currently available to
in the future. Today, U.S. agriculture is on theconsumers. The tomato may be harvested ripe for
threshold of a new era: the biotechnology and infull flavor, shipped without refrigeration, and de-
formation technology era. Technologies that haveivered fresh to supermarket shelves without the
just been introduced, or are in the final stages oftandard ethylene “gas” treatment.

development, have the potential to increase agri- Genetic engineering allows scientists to breed
cultural productivity, enhance the environment,plants that have greater resistance to disease, in-
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sects, and weeds, and can withstand environmersessfully. Advances focusing on growth promo-
tal stresses such as cold, drought, and frost. It alstants, reproductive technologies, and animal
allows them to develop value-added productsealth will play a major role in enhancing the effi-
from agricultural commodities; and to improve ciency of animal agriculture and the quality of its
their understanding of plant resistance and of theroducts.

interactions among plants, pests, and biological

control agents in the agro-ecosystem. Growth Promotants

Genetic engineering techniques are being used to
Insect Control produce new products such as a new class of pro-
Traditional breeding programs have producedyein hormones called somatotropins. In late 1993,
and will continue to produce, insect-resistant Orthe FDA approved the first of these compounds,
insect-tolerant varieties of crops. However, thepovine somatotropin (bST), which increases milk
tools of biotechnology can be used to selectivelyproduction in lactating cows. Although the effica-
engineer plants for this trait. For example, geneticcy of the product ultimately relies on the manage-
coding for bacterial Bacillus thuringiensis (Bt) ment ability of the producer, average increases in
toxin has been cloned and inserted into plants.milk volume of about 12 percent are expected.
Transgenic plants producing Bt toxins are ex- Another growth promotant, porcine somatotro-
peCtEd to be CommerC|a”y ava”able by the m|d tOpm (pST)’ is expected to be approved for use in the

late 1990s. near future. Pigs that are given pST show in-
creases in average daily weight gains of approxi-
Weed Control mately 10 to 20 percent, improved feed efficiency

Improved understanding of how herbicides workof 15 to 35 percent, decreased fat tissue of as much
is helping scientists to design herbicides that deas 50 to 80 percent, and concurrently increased
stroy some plants (e.g., weeds) but have no effegirotein deposits of as much as 50 percent. The
on others (e.g., crops). In addition, genetic engi-quality of their meat is not adversely affected.
neering is being used to develop crops that have

some resistance to herbicides. The frost herbicide- T —

tolerant crops are expected to be commercially™ e -

available by the mid-1990s. ~

Al il o]

Disease Control

Biotechnology techniques are being employed to

determine how pathogenic organisms cause dis- .
ease and to engineer plants that can better resist :
disease. Genetically engineered plants that resistE
certain viruses are expected to be commercially T ——S—
available by the mid- 1990s. In animal agriculture, =
biotechnology has the potential to improve feed . ,
efficiency, reduce losses from disease, and info"s,Pris 4L shon cre -spped by ctepiar arc o

crease the ability of all livestock to reproduce suc+oxin gene.

I ——

‘Bt is a spore-forming bacterium that produces insecticidal proteins. Different strains of Bt produce proteins toxic to different insects.

Through biotechnology insecticidal genes from different Bt strains have been incorporated into other organisms, including plants, which then
produce the corresponding Bt toxin.
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Animal Reproduction  Technologies

cipient cow. The cow carries the embryo to term

The field of animal reproduction is undergoing a and gives birth to a live calf. It maybe possible in
scientific revolution. In the cattle industry, for ex- the near future to sex the sperm rather than the em-
ample, it has become possible to induce geneticalbryo, or to create more copies of each embryo than
ly superior females to shed large numbers of eggds currently possible.

and to fertilize these eggs in vitro with the sperm

of genetically superior males. Each resulting em-Animal Health Technologies

bryo can be sexed (i.e., preselect the sex of the enBiotechnology is rapidly acquiring a prominent
bryo) and split to produce multiple copies of theplace in veterinary medical research. New vac-
original embryo. Each of the new embryos cancines include those created by deleting or inacti-
then be frozen for later use, or transferred to a revating the genes in a pathogen that cause disease.
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The first gene-deletion viral vaccine to be ap-
proved and released for commercial use was the
pseudo-rabies virus vaccine for hogs.

m Advanced Computer Technologies

Since the Industrial Revolution, agricultural sys-
tems have intensified, and agricultural productiv-
ity has grown significantly with farm size. Labor-
saving devices on farms have increased output per
worker many times over, and advances in under-
standing and applying biological principles have
boosted agricultural yields significantly. As pro-
duction has increased, however, managing a farm
has becomes a more challenging and complex job.
Even today, many farmers make decisions with
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less than full information, and many agricultural

Advanced computer technologies can make for
more effective agricultural management. Com-
puter technologies can provide managers with th
ability to determine systematically the best deci-
sion, rather than arrive at decisions in an ad ho
fashion. For example, a farmer deciding whether
to plant a specific crop on a specific field can
weigh the profitability of the crop, as well as over-
all farm needs (e.g., nutritional requirements for
livestock). The decision will have an impact on
land sustainability, and will determine whether
certain pest-control strategies should or shoul
not be used. Improved access to information can
also help farmers to monitor their progress more
effectively. Keeping better track of animals’
growth rates, for instance, can allow a farmer to
detect diseases earlier.

The primary application of computer technolo-
gy by the mid to late 1990s will be so-called expert
systems (i.e., computer programs that actually
solve problems, based on information given to
them)' Such SyStems are Currently being devel?—'armer and consultant examine data from a ex

. pert system

oped, and farmers will have a cadre of them townat has diagnosed a crop disease on his farm and provided
diagnose diseases and to evaluate production pex;e sfg:;ific remedy based on the unique characteristics of
formance. These systems generally will not be in- '

tegrated with one another: each will consider Onlyr{antly used to monitor weather and field condi-

one aspect OT a problem. Intggrated systems thahons for crop management. Expert systems help
solve production problems while considering eco-¢_ o< 10 interpret these data and suggest ap-

nomic and environmental consequences will not . . A
be available until the latter part of the decade. propriate management strategies for irrigation,

Electronic sensors are already playing an im_fertlhzer, or pesticide treatments.
portant role in agriculture. Sensors are being used
for improving operations in crop production by DOMESTIC  MARKETING =~ TRENDS
machine guidance systems, applying pesticidegeyond the farm gate, the process of turning farm
and fertilizers more accurately, and improving thecommodities into finished food products also has
management of irrigation water to conserve therechanged. Fresh fruits and vegetables that once
source and reduce production costs. Current rewere picked in the fields and transported to pack-
search focuses not only on developing methods og sheds and then to market are now packed in the
monitoring crop growth that can be used withfield and transported directly to retail markets.
computer models for improving day-to-day crop Milk that once was shipped to local processing
management and strategic planning, but also oplants is now refrigerated and shipped to urban
developing sensors for assessing crop maturitprocessing centersChickens that once were
and fruit location as a basis for mechanical hargrown in small flocks on farms for supplemental
vesting. Sensors and satellite technology are curincome are now raised in specialized broiler facili-

SHY W
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HiGH-TECH TooLs FOR SITE-SPECIFIC CROP NUTRIENT MANAGEMENT

The combination of sensors, global positioning systems and expert systems allow site-specific programs to be developed such
as for crop nutrient management.

ties and processed by the hundreds of thousander the added processing and marketing costs they
daily. Small comer grocery stores that were oncepay, consumers are able to spend less time prepar-
the mainstays of families throughout Americaing food and more time doing other things, includ-
have slowly lost ground to large supermarkets—ing eating out in restaurants. Restaurant meals ac-
and supermarkets have in turn lost some ground toounted for 45 percent of all food dollars spent in
specialized stores catering to health food aficiona-1992, a substantial increase from the 25 percent
dos, the elderly, or other niche markets. spent in 1954 (3).

The economic components of the food chain New ways of organizing food production in the
have also changed. Processing and retailing costsnited States are being introduced at a relatively
now account for 78 percent of the nation’s foodrapid rate, spurred by high rates of return on capi-
bill (and farm value 22 percent). Of that 78 per-tal, declining levels of economic protection from
cent, labor costs make up 36 percent; packagingovernment farm programs, and other forces.
materials, 8 percent; intercity transportation, 5These trends have the potential to change market-
percent; fuel and electricity, 4 percent; and corpo-ing practices for a wide range of crop and livestock
rate profits, 3 percent. Other costs, such as interproduction. This section focuses on some specific
est, depreciation, and advertising, account for themarketing methods that are already widely used in
remaining 22 percent (20) (figure 2-6). In return agricultural production.
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FIGURE 2-6: Economic Components of Food $: 1993

Other costs 6.5%
Before-tax profits 3.0%
Fuels and electricity 3.5%

Advertising 4.0%

Depreciation 4.0%

Intercity transportation 4.5%

Rent, interest, and repairs  8.5%

Packaging material 8.0%

Labor 36.00/0

Farm value 22.0%

Total 1983 costs: $217.5 billion
Total 1993 costs: $382.1 billion

SOURCE: U.S. Department of Agriculture, Economic Research Service, Food Cost Review, 1993, Agricultural Economic

Report No 696, Washington, DC, August 1994

OContract Production and Vertical
Integration

As consumer demand for high-quality agricultur-
al products has increased, agricultural marketing
has moved more toward coordinating production
methods and final market demand. As a resullt,
more farmers are working under contract to pro-
cessors—that is, they produce specialty crops and
some types of livestock according to the terms of
a written agreement. Similarly, vertical integra-
tion (which means that a single firm handles the
different functions of production, processing,
marketing, and retailing) is becoming more and
more common in agriculture, accounting for a
larger share of processed vegetables, fresh vegeta
bles, and potatoes (table 2-8). Production for sale
into open markets, where the producer delivers the
product to a middleman who then moves it to the
ultimate consumer, is less the rule.

Vertica production and contract production are
becoming more prevalent in animal agriculture.
Turkey production, like broiler production, in-
volves more contract production and less produc-
tion for open markets. Production of eggs and
even sheep and lambs is following suit. Large-
scale, integrated operations for hog production are

replacing traditional corn-hog production. Alan
Barkema of the Federal Reserve Bank in Kansas
City reports that “from 1980 to 1990, the percent-
age of the nation’s hog production under contract
or vertical integration doubled to about 10 per-
cent.” He notes that other estimates place this
share as high as 16 percent in 1991 (4). Notably
bucking the trend is cattle feeding—a lower per-
centage of output involved contracts and vertical
integration in 1990 than in 1970.

Field crops continue to be sold mostly through
open markets, although contractual arrangements
are accounting for alarger share of food and feed
crops. No figures are available for oilseeds, but the
trend is likely to be similar to that for other field
crops. Michagl Cook, an economist with the Uni-
versity of Missouri, offers four explanations for
this growing phenomenon in grain markets:

First, consumers have become more discrim-
inating buyers not only of grain products, but of
al products including grain and oilseed-based
items. Second, biological, mechanical, and
chemical technology is beginning to permeate
the grain related industries, permitting partici-
pants to evaluate risks and consumer needsin
greater depth. Third, the demand for organiza-
tional forms that minimize the information
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TABLE 2-8: Farm Products Marketed Through Contracts, Integrated Ownership,

and Open Markets in 1970 and 1990

Form of marketing

Contracts Vertical integration Open markets
Commodity 1970 1990 1970 1990 1970 1990
Field crops
Food grains 2 7 1 1 97 92
Feed grains 1 7 1 1 98 92
Cotton 11 12 1 1 88 87
Specialty crops
Processed vegetables 85 83 10 15 5 2
Fresh vegetables 21 25 30 40 49 35
Potatoes 45 55 25 40 70 95
Citrus 55 65 30 35 15 0
Other fruit 20 40 20 25 40 65
Livestock
Broilers 92 92 7 8 1 0
Turkeys 60 65 12 28 28 7
Hatching eggs 70 70 30 30 0 0
Market eggs 35 43 20 50 45 7
Manufactured milk 25 25 1 1 74 74
Hogs 1 18 1 3 98 79
Fed cattle 18 12 7 4 75 84
Sheep/lambs 7 7 12 33 81 60

SOURCE: Patrick M O'Brien, “Implications for Public Policy, " in National Planning Association, Food and Agricultural Markets:
The Quiet Revolution, Lyle P. Shertz and Lynn M Daft (eds.), Washington, DC, 1994, p 301

search and monitoring costs of operating in a
more segmented and higher technology market-
place is increasing. Fourth, an over expansion in
physical assets with few aternative uses created
financia burdens on many participants that re-
quired better risk-management tools (5).

Cook concludes that agricultural markets are
moving toward two markets. one a market in
which grain and oilseeds will be traded for tradi-
tional purposes, like livestock feed or industria
uses, and a second in which commodities are pur-
chased for specialized uses such as food process-
ing, pharmaceutical uses, and cosmetic applica-
tions. Cook titles the former a “commodities’
market and the latter a“ products’ market.

OIndustrial Uses of Farm Commodities

In addition to consumer demand for quality, in-
dustrial demand for farm commodities is encour-

aging shifts to contract farming. To keep produc-
tion lines running smoothly, industrial firms
require a steady, uniform supply of raw materials.
When agriculture becomes the source of raw ma-
terials, its greater variability in quality and quanti-
ty must be addressed. Generally, this can be done
through contractual arrangements between grow-
ersand industrial firms that ensure uniformity in,
and constant supplies of, a material. Such arrange-
ments are even more likely to be employed if the
industrial crop in question is new and grown on
relatively small acreages, as many industrial crops
are.

Although some analysts forecast a rosy future
for industrial crops, the expansion starts from a
small base, which limits the overall impact on de-
mand. In 1991, an OTA report concluded that
“[Narge-scale replacement of U.S. fuel use or pri-
mary chemical feedstocks would require signifi-
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cant acreage for crop production. However, econatural beef raised without antibiotics or hor-
nomics do not favor these developments at thenones, or wild game meat that is raised for sale”
current time” (11). The president of the American(9). With consumers willing to pay, processors
Farm Bureau Federation touted the virtues of inhave established contracts with growers that en-
dustrial crops three years later—but also was caresure that supplies of specialty items will be avail-
ful to couch his remarks in terms of the future, no@ble. In the 1980s, these items translated into big
the present: business. Senauer, Asp, and Kinsey, estimate that
Alternative uses of major farm commodities ~ Sales of organic products—thatis, products grown
are attracting attention (for examp|e1 ink made W|th0ut Chemical pestiCideS or Synthetic fert“izer
from soybeans). Improvements will lead to and distributed without artificial preservatives or
greater use, eventually requiring 100 million dyes—amounted “to over $3 billion annually.”
bushels of soybeans to meet annual demand.

Corn growers eagerly promote ethanol use be- GLOBAL MARKETING TRENDS
cause it adds 20 cents to their pockets for every | | Kets f icul | h
bushel of corn sold. Ethanol, packing materials, Global markets for agricultural goods are chang-

and other industrial uses of corn could require NG as much as domestic markets. On the one
850 million bushels a year. Paints, fiberboard hand, certain developing countries have applied
and medicines could also contain farm products. New agricultural technologies that have improved
Many more alternative uses will occur and will  their crop yields, increased their degree of self-

contribute to a farmer’s income (7). sufficiency, and decreased their need for impbrts.
On the other hand, international trade agreements
[ Retail Food Marketing Changes have helped to open up international agricultural

As the nation’s population gradually ages, as tWO[narkets and increase exports. Following the To-

income families have less time to prepare food Ehyo Round of the Gen_eral Agreement on Tariff;
home, and as nutrition and food safety becom@Md Trade (GATT), which ended in 1979, negoti-

ever more important to consumers, retailers ar@tions to expz_and frade in food producis continued,
providing a constant stream of new products, ne nd were l_JItlmater successful. Another strong
forms of packaging, and new market outlets. Thd?'¢€ Pushing expanded global food trade has
elderly, for example, want food products that meeP€€N the economic prowess of Pacific Rim coun-
special dietary needs. Working parents want food¥'€s: As'they have modermzed and expanded their
that can be prepared quickly but are nutritious, an§CONOMIes, and as their trade surpluses have
health-conscious consumers want foods that ar%royvn, these countries have gradually opened
low in fat and high in energy. The retailers’ re-t elr markets to imports of semiprocessed and
sponse can be seen in more salad bars in full-lif&t@il-réady food products.
food stores, and more take-out sections in gour-
met food stores, to cite only two examples. AdJ Value-Added Food Trade
Barkema has observed, “consumers are becomirithe impact of all these changes can be seen in the
more discriminating, requiring the food industry changing composition of global food trade. The
to design its products more carefully” (4). higher yielding crops grown in developing coun-
In 1991, Senauer, Asp, and Kinsey pointed outries lowered imports and reduced trade in bulk
that “[sJome consumers are willing to pay a precommodities. Higher incomes and lower trade
mium for products such as free-range chickendyarriers brought more trade in intermediate and

7Bangladesh exemplified the trend, with high-yielding varieties (HYV) used for 1.6 percent of all wheat planted in 1967-68 and 95.9 per-
centin 1982-83. In India, 4.2 percent of all wheat planted used HYV in 1966-67 and 76.0 percent in 1983-84. China increased from 10.1 percent
HYV in 1980 to 34.2 percent in 1984, an amazing increase in such a short period (1).
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FIGURE 2-7: World Agricultural Trade by Type
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consumer-oriented food products.”The shift be-
ganinthe early 1980s, at the same time that U.S.
exports of bulk commodities began to decline. Ini-
tially, the prevailing explanation for declining ex-
ports of bulk commodities was that higher price
supports in the 1981 farm bill, along with a stron-
ger dollar and a weak global economy, made U.S.
commodities uncompetitive in global markets. As
global trade continued to shift toward more value-
-added trade (i.e., trade in both intermediate and
consumer-oriented products) and less bulk com-
modity trade, the explanation began to change. B y
1989, the USDA's Foreign Agricultural Service
(FAS) reported that:

During the 1980s, growth in world trade was
greatest in consumer-oriented products, which
grew by around 3 percent, or $3.7 billion a year,
compared to less than 1 percent a year for both
bulk and intermediate products.

The report noted that:

Increases in demand were most concentrated

in meats, horticultural products, dairy products,

beverages and pre-packaged food preparations

(23).

What was unclear in the early 1980s was that
expanding demand for value-added food items
was changing the overall composition of world
food trade. The share of global food trade ac-
counted for by consumer-oriented food products
rose 12 percentage points between 1980 and 1990,
from 30 to 42 percent, and the share accounted for
by intermediate food products increased 3 per-
centage points, from 21 to 24 percent. The share
accounted for by bulk commodities fell by 15 per-
centage points, from 49 percent to 34 percent. (For
more recent trends, see figure 2-7.) A small por-
tion of the increased trade in consumer-oriented

‘Bulk commodities are products that have not been processed, such as wheat, corn, rice, soybeans, and unmanufactured tobacco. Intermedia-

te products are semiprocessed products, such as wheat flour, oilseed meal, vegetable oil, hides and skins, animal fats, wool, and refined sugar.
Consumer-oriented products are end products that require little or no additional processing for consumption, such as fresh and processed horti-
cultural products, fresh and processed meats, dairy products, table eggs, and bakery products.
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FIGURE 2-8: U.S. Agricultural Exports by Type
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and processed food products, especialy the in-
crease in meat exports, involved the use of bulk
commodities (feed for cattle, for example). But
that increase was not nearly large enough to offset
the loss of U.S. bulk commodity exports. As U.S.
crop production continued to rise during the 1980s
and bulk commodity exports declined (figure
2-8), commodity prices received by farmers fell,
decreasing farm income and expanding acreage
diversion programs.

In an attempt to discourage further stockpile
growth, the United States implemented a Pay-
ment-in-Kind (PIK) program in 1983 to reduce
Crop acreage, using excess stocks to pay farmers to
lower production. That reduction in crop acreage,
coupled with an extremely severe drought in the
Midwestern grain belt, cut grain output by nearly
40 percent in 1983. The return of favorable weath-
er in 1984 meant that surpluses built up again,
however, and led to the implementation in 1985 of
the Export Enhancement Program (EEP). EEP
was designed to stem the losses incurred in global
markets and used stocks as payments to exporters
for meeting foreign competition. Neither PIK nor

EEP, or even aweaker dollar and large export sub-
sidies, changed the global trend toward more trade
in processed and consumer-oriented food prod-
ucts. By 1993, global trade in these types of prod-
ucts was up $45 billion over 1980. U.S. exports of
these items also increased, rising by $10.0 billion
between 1980 and 1993 (23).

O0Bulk Commodity Trade
Although value-added food trade has risen sharp-
ly since 1985, trade in bulk commodities has, as
noted above, weakened. Global trade in bulk com-
modities totaled $87.5 billion in 1980 and fell to
$71.6 billion in 1990 (23). While traders and oth-
ers remained optimistic about long-term pros-
pects, the decline in bulk commodity trade contin-
ued, falling to $60.2 billion in 1993. Meanwhile,
trade in processed and consumer-oriented food
products rose from $89.5 hillion in 1980 to $133.2
billion in 1990. With economic recovery under
way, global trade in processed and retail food
products reached $148 billionin 1993.

The new trends in globa food trade should
have been familiar to the U.S. food industry, be-
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TABLE 2-9: Value of U.S. Agricultural Exports, by Commodity Groups, Fiscal Years 1950-1992

(million dollars)

Oilseeds Fruits, nuts Vegetables
Grains & and Animals and and Cotton and
Fiscal year ~ products products products products products tobacco
1950 1,268 212 301 123 103 1,214
1955 1,178 410 405 230 143 761
1960 1,802 628 429 270 172 1,287
1965 2,441 1,094 527 323 213 982
1970 2,464 1,676 765 401 500 914
1975 11,230 4,852 1,704 805 1,049 1,938
1980 18,261 9,811 3,757 2,087 2,170 4,382
1985 13,285 6,195 4,075 1,886 2,204 3,555
1990 15,672 6,125 6,610 3,116 4,617 4,079
1992 13,858 7,156 7,756 3,940 5,944 3,763
1993 14,104 7,210 7,781 3,831 6,695 2,969

SOURCE U S Department of Agriculture, Agricultural Statistics, U.S. Government Printing Office, Washington, DC, 1981, p
564-565 and 1993, p 474-475, U S Department of Agriculture, Economic Research Service, Foreign Agricultural Trade of the

United States (FATUS), April 1994

cause they mirrored earlier patternsin U.S. food
expenditures. In the 1950s and 1960s, U.S. fami-
lies began purchasing more and more ready-to-eat
food products, cutting back on purchases of flour,
potatoes, and other ingredients for homemade
food. Two-income families could, and did, spend
even more on ready-to-eat food items. The same
economic trends led to more food consumption
outside the home, in restaurants and fast-food es-
tablishments. These same trends are reflected in
world food trade: trade in processed and consum-
er-oriented food products has increased, and bulk
commodity shipments have declined. One result
is more jobs in food- processing industries, just as
more food consumption outside the home led to
more jobs in restaurants and fast-food establish-
ments.

Global trade in bulk commodities obviously
will not disappear, any more than domestic use of
bulk commodities disappeared. The issue instead
is one of growth, and adapting to new trends in
globa markets. Adapting is difficult for the
United States, for various reasons. Bulk commo-
dities were at the heart of the U.S. agricultural ex-
port boom of the 1970s, and the value of grain ex-
ports more than quintupled over the decade (table
2-9). Exports of oilseed crops and products also

rose. But as global markets for bulk commodities
shrank in the 1980s, U.S. exports of grain and
oilseeds declined as well. Other items became the
driving force behind export expansion, even as
traditional farm programs continued to encourage
production of bulk commodities. Animal product
exports doubled between 1980 and 1993. Similar-
ly, exports of fruits and nuts nearly doubled, and
exports of vegetables more than tripled.

The impact of the shift away from bulk commo-
dities was dramatic. By 1993, bulk commodities
made up 44 percent of the value of U.S. agricultur-
al exports, compared with 70 percent in 1980; in-
termediate products such as soybean meal made
up 20 percent, compared with 17 percent in 1980;
and consumer-oriented products accounted for 36
percent, compared with 13 percent a decade earli-
er (23). In little more than a decade, consumer-ori-
ented products had more than doubled their share
of U.S. agricultural exports, rising from 13 to 36
percent. On a global scale, consumer-oriented
food products had gone from 29 to 46 percent. In
1993, the United States was about where world
markets were in 1983, relative to consumer-ori-
ented exports. To catch up and remain the world
leader in food and agricultural trade, the United
States may need to rethink its farm programs and
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its export expansion programs. Otherwise, it willGermany, the United Kingdom, South Korea, Tai-
likely remain behind the times in global food mar-wan, France, and the Netherlands.

kets. The expansion of trade in food products has had
a positive effect on the nation’s trade balance.
[J Global Marketing Shifts Some of the processed items shipped, however,

One geographical area that has been central to tR&E radeoffs for bulk commodities. Exports of

growth of consumer food exports is the Pacificcorn and red meat to Japan provide a good illustra-

Rim. Japan and Taiwan, along with Hong Kongtion. Total shipments of red meat to Japan in-

and Korea, are among the top 10 markets for corfreased steadily and reached $3.1 billion in 199_)3,
sumer-oriented food exports—and exports td full 83 percgnt above the value of red-mea_ltshlp-
these countries are growing rapidly. Red meat eX11€Nts made in 1988 (26). Japanese corn imports
ports to Japan increased 83 percent between 198§aled 16 million metric tons in 1993, the same

and 1993. Poultry exports to Hong Kong more@mount as five years earlier (25). The Japanese

than tripled. Exports of fresh tree fruits to TaiwanCaS€ IS not unique. According to the February
more than doubled, and exports of these items tb994 issue of the USDA' FAS grain circular (24):
Malaysia increased by 50 percent (26). After expanding at about 5 percent annually
As development has proceeded, Asian coun- throughout the 1960s and 1970s, the growth rate
tries have become more prominent players in the for corn utilization outside the U.S. fell dramati-
international trade arena. Asia replaced Europe as cally in the 1980s. If China and other major corn
the leading regional market for U.S. farm products €XPorting countries are excluded, com utiliza-
as early as 1979 (23). One-third of all agricultural 1N In the remaining countries only increased a
exports went to Asia at that time. The Asian share :Let 6;}\;'12;([)%'2'?; gggl/;jogsr]aitr:f :t?éﬁf; )
has continued to increase and reached 37 percentpegré/ent annually. Over the 'same period, U S
in 1993. In describing the evolution of this trade, a : e of

corn utilization expanded 37.7 mmt, a rate of
1994 USDA report noted that: about 2.3 percent annually.

Asians have begun to incorporate more West- Slow growth rates were not alone in hurting
ern-style food into their diets. This, in turn, has bulk commodity exports. Another USDA grain
led to a surge in demand for Westem-style con- - ..., 10 o5 noted that Latin America is import-
sumer-ready goods in Asia. Increases in demand .

ing more wheat and now accounts for 15 percent

have been most marked for beef, horticultural . )
products, beverages, and pre-packaged foods. Of world trade in wheat, but that “U.S. wheat has

Both U.S. beef and poultry meat exports to Asia 0€come  relatively uncompetitive.” In  this
posted record levels in fiscal 1993. Fueled by a instance, both the European Union (EU) and Ar-

burgeoning demand for a diversity of tastes, gentina have successfully replaced the United
U.S. sales of snack food, dairy products, fresh States as a supplier of wheat to Latin America.
vegetables, and tree nuts to Asia also reached  Although drought or some other unforeseen
all-time highs (23). event could lead to rapid growth in bulk commo-
Asian nations are not the only ones increasinglities almost overnight, as the 1970s demon-
imports of food items. Canadian importers are exstrated, the availability of supplies from other ex-
ploiting new opportunities under the U.S.-Canadgorting countries suggests that the likelihood of
Free Trade Agreement (FTA) and importing largepermanent increases is low. Planning public
amounts of food products, a phenomenon that hgmlicy around such an expectation does not appear
made Canada the world’s largest importer of U.Sto be very realistic.
food products. Mexico is also increasing food Alternatively, the probability of further growth
product imports and ranks third, after secondin consumer food exports appears higher, and
place Japan, as an importer of U.S. food productglanning public policy to take advantage of that
Other countries in the top 10 include Hong Konggrowth seems more promising. What is evident on
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the basis of past trends is that some change tion programs continued to focus on exporting ex-

policy is needed. The United States had a 23 pecess supplies of wheat, feed grains, and other
cent share of global food and agricultural tradeprice-supported bulk commodities. With budgets

from 1980 to 1984, but only 20 percent in 1992 already limited, there were few funds left over to

Over the same period, the EU took advantage gfromote exports of processed and retail-ready
the shift toward processed food products and infood items. Farm legislation may also act as a
creased its share of world food trade from 14 pereonstraint. Examples include the legislative pro-

cent in the years 1980 to 1984, to 19 percent ihibition on planting of fruits and vegetable crops

1992 (23). Even though the United States has iren flex acres and the administrative regulation

creased its consumer food exports, world marketsagainst grazing and haying of CRP acres. Both
have grown even faster. The ultimate outcomeprevent more production of items that are in grow-

other countries have absorbed a more-than-prang demand in global markets.

portional share of world food markets, and the

United States has been losing out. RESEARCH AND DEVELOPMENT

THE U.S. DILEMMA The tas_k qf prowd_lng mformatlon to the public on
P fthe U.S. dil ith q iUl trends in international agricultural trade falls to
artoftne U.S. dilemma with regard to agricultur-, oy ment agencies and the agricultural research

al %ﬁqrts h‘?ds beEnt t?e sf?krementm(?_?d SIO\gommunity. The challenges vary from reporting
growth in world markets tor bulk COmmodities, as o\ ot in individual countries that will shape trade

well as flerc_e competition from the EU and Otherin the coming year to assessing trade agreements
food-exporting countries. But part of the reaso

- ) "hat will influence the patterns of food exports and
for the declining market share may be ascribed tﬂnports for coming decades. On the commercial

the United States’ overemphasis on bulk COMMOiqe. the task includes monitoring trends in food

dities. Price supports and deficiency payments foEonsumption along with changes in government
wheat, rice, cotton, and feed grains prevent th ’

. . . egulations, to anticipate new marketing opportu-
United States from taking maximum advantage OEities. On the economic front, the task includes

opportunities to export intermediate Iorooluc'stollowing trends in earnings and assessing where
such as soybean meal and wheat flour. Whllt%

: . . (r]ade patterns are likely to change.
global trade in semiprocessed products increase Achievements in these research areas contrasts
by $13.5 billion between 1980 and 1993, U.S. ex

ports of oilseed products dropped, from $9.8 biI_-sharply with achievements in research on food

lion to $8.3 billion (13,15). U.S. soybean acreageDrOdUCtion' Qn the techno_logical side of agricul-
also declined, from 68 million acres harvested irfure: the nation has benefited from a long stream
1980 to 57 million acres in 1993 (13,15). DespiteOf scientific breakthroughs that raised agrlcult_ural
changes in the 1990 farm bill designed to free uRutPUt and lowered the real cost of food and fiber.
more program acres for soybean production, soflthough such technological breakthroughs were
bean plantings continued to lag. Apparently, supDewsworthy achievements in earlier decades,
port payments for planting other crops are mordnost are greeted today with little fanfare. Their
important than planting more soybeans, no mattdck of visibility does not, however, mean that
how many acres are available for doing so. they are unimportant, or that food costs are ab-
Like global trade in intermediate agricultural Sorbing a larger share of national income. In as re-
products, global trade in consumer-oriented foogent a period as 1983 to 1992, the percent of dis-
products also rose dramatically between 1980 angosable personal income spent on food in the
1993, by $45 billion. U.S. exports of these itemdJnited States declined on average from 13.0 per-
increased, by $10 billion—but mostly in responsecent to 10.6 percent—a truly remarkable achieve-
to the efforts of private firms. Government promo-ment, considering that food purchases consist
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more of processed and ready-to eat items than they
have before (15).

One explanation for the different level of re-
search achievements can be found in the budget-
ary resources devoted to food production and agri-
cultural trade. In 1993, the nation devoted $3.0
billion to agricultural research through federal and
state research ingtitutions (16). As shown in figure
2-9, the allocation of these funds heavily favored
crop and livestock production. Research on crops
received 34.8 percent of the total funds, while re-
search on animals received 23.8 percent. Both far
outdistanced funding on international and domes-
tic markets, which accounted for 4.8 percent of to-
tal research funds. Research expenditures on
people and institutions accounted for even less:
3.0 percent of the total, or $88,353,000 of federal
funds. With the Uruguay Round Agreement
(URA) implemented this year, and the new World
Trade Organization (WTO) in place, opportunities
for expanded trade (and the adjustments to the
agriculture sector they may bring) may justify
more investment in examining changing intern-
ational markets and their impact on U.S. agricul-
ture.

Food consumption trends in other countries
differ from trends in the United States. As a ma-
ture industrial nation with a population structure
to match, U.S. food demand is relatively stable.
Many of the countries that will be responsible for
shaping the composition of future global tradein
food products, however, are at a different stage of
development, with different income levels and
different responses to changes in incomes, food
prices, and availability of new food products. For
the United States to become proficient at market-
ing food in these countries, it must become more
knowledgeable about their internal conditions,
about food tastes and taboos, and about cultural
habits that shape food consumption. In essence,
the United States must learn more about the differ-
ences among countries and shape marketing pro-
grams to match other countries’ needs rather than
our own. This will be a major challenge for the re-
search community, as well as the business com-
munity, in coming years.

FIGURE 2-9: Agricultural Research Funding 1993

Marketing/trade
4.4%

Environment/
natural resources
11.8%

Crops

Forestry A
12.7% g

Food/nutrition
5.8%

Communities, institutions
3.0%
Resources/technology
3.6%

Animals
23.80/0

Total funding $2,970,911,000

SOURCE: U.S. Department of Agriculture, Cooperative States Re-
search Service, Inventory of Agricultural Research, Fiscal Year 1993
Washington, DC, 1993.
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Global Markets
and

International
Trade Agreements 3

ince the 1970s, U.S. exports of goods and services have

grown rapidly. Agriculture and industry alike have turned

to international markets as a place to sell their excess pro-

duction, bolster employment, and enhance revenues. Yet
the United States’ fortunes in international food markets have
fluctuated considerably. The booming markets for commodities
(e.g., wheat, corn, and other grains) of the 1970s gave way to de-
clining shipments in the early 1980s; the mild recovery of the late
1980s was succeeded by relative stagnation in the early 1990s.
Over the past two and a half decades, the United States has lost its
commanding share of world commodity trade.

Although exports of value-added food products (e.qg., fruits,
vegetables, and meats) continue to grow, the future for commod-
ity exports is uncertain. Future shipments of bulk commaodities
depend on a number of factors not directly affected by U.S.
policy: weather at home and abroad, foreign economic prospects,
global population growth, and the introduction and application of
new agricultural technologies in other countries. But future ship-
ments also depend on factors directly related to U.S. policy: the j-
shape of government programs to come, how those programs
mesh with trends in growing global markets; and the impact of
international trade pacts such as the Uruguay Round Agreementgt
(URA) and the North American Free Trade Agreement (NAFTA). :

This chapter examines the possible effects of these factors orfit#s
U.S. prowess in world food markets. Generally, it appears that
government policies appropriate in the 1960s and earlier are farg=
less appropriate for the 1990s and the 21st century. Agricultural
markets have changed, much as the structure of American agri-
culture has changed, and new growth opportunities differ from
those of the past. The 1960s emphasis on bulk-commodity ex- | 47
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ports, for example, has persisted into the 1990s, ahipped more wheat to the United States, which
a time when high-value products, and particularlyresponded by pressuring Canada to restrict its
consumer-oriented food products (e.g., ready-towheat exports.
eat foods), comprise a growing share of global The URA, which went into effect on January 1,
trade and of U.S. exports. 1995, will further reduce trade restrictions. Fewer
Currently, neither domestic export programsrestrictions on trade may, as illustrated by the
nor international trade agreements have helped.S.-Canada wheat imbroglio, increase the likeli-
U.S. farmers to synchronize U.S. production andhood of agricultural trade conflicts in the future,
exports with trends in global markets. The URAgiven current policies. Thus, the United States
provisions may nudge U.S. farmers toward ex{finds itself at a crossroads where the dichotomy
porting more high-value products, but domesticdbetween its support for global free trade and its
farm and export programs will discourage thempolicy of insulating agricultural interests from the
from doing so. Clearly, one of the major chal-global marketplace may be too burdensome to
lenges ahead is to reshape these programs, and 8igtain. The country is confronting a crucial
incentives they provide, so that U.S. farmers arehoice: whether to move toward free agricultural
growing the kinds of products demanded by in-markets and open world trade, or continue subsi-
ternational markets. An obvious example of thedized exports and restrictions on agricultural im-
need for such reshaping can be found in th@orts. The decision will, to a substantial degree,
oilseed market. Even though global demand fogetermine the economic standing of U.S. agricul-
soybeans has grown, U.S. farm programs led U.Sure in the global economy of the 21st century.
farmers to plant fewer acres with soybeans, and
U.S. exports of the crop stagnated (although thi
situation was addressed in the 1990 farm biII)aLOBAL MARKETS AND U.S.
Similarly, even though fruits and vegetables are irlleRTlC":)AT'O'\I
high demand globally, the use of government fleVorld population growth, rapid economic devel-
acres for fruit and vegetable production is limited 0pment, and several rounds of international trade
Future legislation may need to address the use @fgotiations have expanded global trade in food
flex acres and currently idled acres to encouraga@nd agricultural items. World shipments of food
more output of fruits, vegetables, soybeans, andnd agricultural goods totaled $41 billion in 1970,
other items valuable in the global marketplace. and increased to $208 billion in 1993 (17).
The United States’ approach to internationalTwenty-one percent of the agricultural goods
trade agreements also reflects a multiplicity oftraded came from the United States in 1993, mak-
purpose. Even though itis a strong supporter of ining it the world’s largest agricultural exporter—al-
ternational trade negotiations and internationathough it was followed closely by the European
trade agreements, the United States continues ténion (EU). The impact on the U.S. farm econo-
implement policies for supporting commodity my was substantial, as export markets absorbed
prices and subsidizing commodity exports thasizable amounts of bulk commodities (e.g., such
often conflict with the spirit of international trade as wheat, corn, and other grains) and growing
agreements. For example, the U.S.-Canada Fregnounts of value-added foods (e.g., fruits, vegeta-
Trade Agreement (FTA) lowered barriers to tradeples, meats, and processed foods). The shipments
including trade in food and agricultural items, be-raised farm income, lowered farm program costs,
tween the two countries. U.S. farm programsand slowed the decline of rural communities.
however, restrain wheat production and U.S. ex- The growth of U.S. agricultural exports has not
port subsidies encourage wheat exports. The rdellowed a steady path. Between 1970 and 1981,
sult: wheat prices in the United States rise, and thine annual value of U.S. agricultural exports
price of wheat overseas falls. Because U.S. wheabared from $7 billion to $43.8 billion (figure
prices are above world levels, Canada in 1998-1). Then, a combination of a stronger dollar, a
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FIGURE 3-1: U.S. Agricultural Exports 1971-94
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culture Handbook No 683, revised January 1993

changing global economy, and new farm legisla-
tion drove farm exports down to a low of $26.3
billion in 1986 (17). Bulk commaodities suffered
the most, declining from $30.4 billionin 1981 to
$14.2 hillion in 1986. New farm legidation, a
weaker dollar, and export subsidies reversed the
trend after 1986, and farm exports reached $43.1
billion in 1993. Bulk commadity shipments also
recovered a portion of their loss, reaching $19.0
billion in 1993.

Three key changes in the global economy pre-
cipitated the export decline of the early 1980s.
First, the EU made a concerted and highly subsi-
dized push to gain world market share in agricul-
tural products—a move that depressed world
prices, limited U.S. agricultural exports, and
earned the sobriquet “trade war.” Second, new
technologies raised grain output in many develop-

ing countries. This “Green Revolution” obviated
the developing countries’ need for substantial
grain imports. Third, world food trade shifted to-
ward value-added food products. Nonetheless, the
United States remained the world’s largest export-
er of agricultural goods—although a significant
part of the growth was due to increased exports of
processed and consumer-ready food products.
Imports of food and agricultural products into
the United States have also grown, rising steadily
over the past several decades. The types of im-
ports change from time to time, more as the result
of domestic political pressures than changes in
foreign supplies. Meat imports, for instance, are
occasionally restricted by “voluntary restraints’
imposed on countries exporting meat to the
United States, wheat imports decline in response
to threats of Section 22 action;] and size, grade or

"Section 22 was part of the Agricultural Act of 1935. It authorized the President to impose restraints on import of farm commodities when-
ever imports threatened to interfere with the effectiveness of price support programs for commodities covered by the Agricultural Adjustment

Act of 1933.
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other specifications occasionally restrict fruit and
vegetable imports. Such actions contrast sharply
with an overall U.S. trade policy that favors lower
trade barriers, lower export subsidies, and ex-
panded channels of global commerce.

As afood importer, the United States is a signif-
icant world player, ranking as the world's fifth-
largest behind Germany, Japan, Italy, and the
United Kingdom (15). U.S. food imports ac-
counted for about 12 percent of world food trade
in 1993, down from the 14 percent of 1971 but up
from the 9.5 percent of 1981. Some of the growth
in imports comes from items not grown in the
United States, but a much larger part consists of
items that are also grown domestically. Competi-
tive imports (imports of items also grown here) in-
creased from $1.6 billion in 1950 to $18.9 hillion
in 1993 (figure 3-2) and now make up 75 percent
of al food imports, compared with a 50-percent
share in 1950. They include a wide range of items
such as meats, vegetables, fruits and nuts, oilseed
products, and sugar and sugar products. Noncom-
petitive or supplementary food imports (imports
of items not grown in the United States) increased

more modestly, from $1.6 billion in 1950 to $5.5
billion in 1993. Included are items such as ba-
nanas, coffee, cocoa, tea, spices, silk, rubber, nurs-
ery stock, certain beverages, and processed food
products. Together, competitive and supplemen-
tary imports helped raise U.S. food and agricultur-
al imports from $3.2 billion in 1950 to $24.4 bil-
lion in 1993 (17).

Some of the growth in imports reflects chang-
ing U.S. food tastes, as well as immigration and
internal population growth. Many immigrants
brought deeply ingrained food preferences from
their native countries. Most of the increase, how-
ever, has stemmed from price inflation, economic
growth, and the broadening of food tastes that
comes with higher incomes.

A final factor has been lower trade barriers. The
rounds of international trade negotiations com-
pleted since the GATT was established in 1947
(box 3-1) have lowered U.S. tariffs and other bor-
der restrictions. Although agricultural trade barri-
ers—-especialy nontariff barriers that protect in-
ternal support programs for farmers-were
largely left out of the early rounds of trade negoti-
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Tokyo, Japan
Punta del Este, Uruguay 1986 -93..

SOURCE Office of Technology Assessment, 1995

BOX 3-1: International Trade Negotiations of the General Agreement on Tariffs and Trade

Geneva, Switzerland 1947 ...... .. First round 22 countries participated

Annecy, France 1949 . . ... ... Second round 32 countries participated

Torquay, England 1950-51. . ... Third round 33 countries participated (Germany joined GATT)
Geneva, Switzerland 1956, . . Fourth round 34 countries participated (Japan joined GATT)
Geneva, Switzerland 1961-62, Dillion Round 37 countries participated

Geneva, Switzerland 1963 -67..... Kennedy Round 62 countries participated

1972 -79... Tokyo Round 102 countries participated
Uruguay Round 117 countries participated

ations, lower tariffs on food items from these
rounds brought about a steady increase in world
food trade and a steady risein U.S. food imports.
With increased food trade came a globaization of
food tastes. Americans ate more European
cheeses, and Europeans ate more American chick-
en, pork, and beef. Even though Europe and the
United States carefully protected their farm sec-
tors from import competition (which increased the
overal difficulty of negotiating lower trade barri-
ers), some trade barriers to food products were
eased. Trade between the United States and Eu-
rope continued to increase.

Trade also expanded between the United States
and Asian countries, although the composition of
that trade was different. Exports from the Pacific
Rim countries were largely industrial products;
Pacific Rim imports were more heavily oriented
toward raw materials and bulk commodities. Ja-
pan, for example, imported large quantities of raw
materials from the United States and exported
large amounts of finished goods (which helps ex-
plain the large trade differential between the two
countries). In 1993, the trade U.S./Japanese dif-
ferential amounted to $60.5 billion, or 46 percent
of the total U.S. trade deficit (2).

Exports to Japan from the United States totaled
$46.7 billion in 1993, while imports from Japan
amounted to $107.2 billion. Of the $46.7 hillion in
goods that Japan imported from the United States
in 1993, $8.4 billion consisted of agricultural
goods (figure 3-3). Although these figures made
Japan the world's largest single market for U.S.

agricultural goods, such shipments offset only a
small portion of the $60.5 billion Japanese trade
surplus. Figure 3-3 aso illustrates that despite
years of negotiations over market access for such
products as beef and citrus fruits, U.S. agricultura
exports to Japan have increased only modestly.

INTERNATIONAL TRADE POLICY AND
U.S. AGRICULTURE

The gradual easing of import restrictions on food
and agricultural productsis a post-World War H
phenomenon. Before the war—more explicitly,
during the Great Depression—the United States
had established an extensive framework of import
restrictions designed to protect its farmers from
import competition. That restrictive framework
was part of an extended history of promoting agri-
cultural exports abroad and protecting agricultural
interests at home.

As early as 1789, the first Congress of the
United States—in only its second legislative
act—Ilevied tariffs on imported goods. The move
was not aimed solely at protecting domestic in-
dustries from foreign competition. Rather, it was
chiefly designed to raise revenue. From 1789 until
the introduction of an income tax in 1913, tariffs
and land sales were the main sources of revenue
for the federal government. However, asincomes
taxes provided the government with operating
funds, and as industrial development made U.S.
industries less dependent on tariffs or other forms
of economic protection, the focus of U.S. trade
policy moved away from tariffs and toward eco-
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FIGURE 3-3: U.S. and Japan Trade
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SOURCES: Executive Office of the President, Council of Economic Advisors, Economic Report of the President (Washington,
DC: U.S. Government Printing Office, 1995), U S Department of Agriculture, Foreign Agricultural Service, Desk Reference
Guide to U.S. Agricultural Trade, Agriculture Handbook No 683, revised January 1990

nomic development. In 1916, Congress passed the
Underwood-Simmons Tariff Act, which specified
that the President could lower many tariffs, and
that some items could be made duty free. When
the United States entered into World War | in
1917, tariffs became a moot issue, as the overseas
war effort required large exports of U.S. products.

The evolution of an agricultural trade policy in-
dependent of the nation’s generally open trade
policy began after World War |. Farmers had been
encouraged by the federal government to expand
their production capacity to meet the war needs.
When the war ended abruptly in 1918, they were
confronted with shrinking markets and falling
prices. Responding to demands for relief, Con-
gress enacted the Emergency Tariff Act of 1921,
which imposed heavy duties on imported agricul-
tural goods. However, the action had little effect
on farm prices, which continued to be depressed
by the excessive supplies burdening commodity
markets. To make matters worse for farmers, in
1922 Congress passed the Fordney-McCumber

Act. This legidation gave the President the power
to raise tariffs on items farmers purchased—a
power that the President exercised 32 times during
the next decade, mostly to raise industrial tariffs.
As industria tariffs rose, farmers charged they
were being treated unfairly because they were
forced to buy inputs on a highly protected domes-
tic market, while selling products on open markets
abroad. The debate went on for a decade. Twice
Congress passed legislation to rectify the apparent
inequity; twice Presidents vetoed it. As rural eco-
nomic conditions continued to deteriorate, Con-
gress produced legislation establishing a Farm
Board to ensure orderly marketing of farm com-
modities (1929); voted in the Smoot-Hawley Tar-
iff Act, which raised tariffs to record highs ( 1930);
and approved an Agricultural Adjustment Act
(1933) that established stable domestic prices for
agricultural goods aimed at “parity” with other
sectors of the economy. The Farm Board proved
unworkable, the Smoot-Hawley Tariff Act a di-
saster, and the AAA in need of amendment.
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Throughout the history of the nation, Presidents have been ... and the Congress has been responsible for determining
responsible for initiating changes in trade policy. the final direction and magnitude of change in the nation's
trade policy.

The AAA was amended to address trade probmagnitude of demand needed to balance out ex-
lems in 1935. Section 22 authorized quantitativecess agricultural supply.
limits on imports of certain commodities, such as
wheat, cotton, and some sugar, so that domesti€VOLUTION OF EXPORT PROMOTION
price support programs for these commoditiesPROGRAMS

would not be hamperé@ection 32, in contrast, Farm exports boomed with the outbreak of World
was an initial move toward establishing exportwar I, and the farm economy remained strong for
subsidies. The new section provided funds (30most of the next decade. With the end of the Ko-
percent of all revenues earned from tariffs and durean War in 1953, however, U.S. farm exports fell
ties) for financing programs to dispose of surplusprecipitously and agricultural surpluses grew. In
agricultural commodities. In the initial years, the 1954, Congress passed the Agricultural Trade De-
disposal efforts focused on giving surplus items tovelopment and Assistance Act (Public Law 480)
domestic groups, such as schools and churche$y boost farm exports. The act, which came to be
although some funds were spent to subsidize spesommonly known as the Food for Peace program,
cific commodity exports. Neither was very suc- offered food assistance to needy nations and also
cessful in solving surplus production problems.provided the basis for U.S. overseas market devel-
Only the outbreak of World War Il brought the opment programs.

Numerous amendments were made to Section 22. The first came on February 29, 1936 (c. 104, Sect. 5,49 Stat. 1152); the rest on June 3,
1937 (c. 296, Sect. 1, 50 Stat. 246); January 25, 1940 (c. 13, 54 Stat. 17); July 3, 1948 (c. 827, Title I, Sect. 3, Stat. 1248); June 28, 1950 (c. 381,
Sect. 3, Stat. 261); June 16,1951 (c. 141, Sect. 8(b), 65 Stat. 75); August 7,1953 (c. 348, Title I, Sect. 104,67 Stat. 472); and January 3,1975
(Pub. L 93-618, Title I, Sect. 171,88 Stat. 2009). In more recent years, Section 22 has become lesstiffofar price supports have
reduced the incentives for other countries to export price-supported items to the United States.
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The Foreign Market Development Programforeign purchasers). Both programs assure U.S.
(FMDP)—a term that covered all of the new banks thatloans to foreign buyers who default will
promotion programs authorized by P.L.be repaid by the U.S. government. GSM-102, the
83-480—drew together the U.S. Department ofmajor credit guarantee program inaugurated in
Agriculture (USDA) and private U.S. interest September 1980, has assisted in the export of $35
groups to promote overseas sales of U.S. agricubillion in agricultural commodities, including $7
tural products. The programs under FMDP used Billion that also received subsidies under the Ex-
variety of means to aid exports, which includedport Enhancement Program (EEP). As reautho-
developing livestock production in other coun-rized by the Food Security Act of 1985, the Export
tries to promote exports of U.S. feedstuffs, as welEnhancement Program “sweetens” trade deals by
as food store displays in other countries tayiving exporters bonus certificates that may be re-
introduce foreign consumers to retail productyyeemed for commodities owned by the CCC.
made with U.S. food grains. These so-calledsince its inception in 1985, EEP has distributed
cooperator programs slowly built markets abroadmgre than $6.2 billion in bonuses, leading to ship-
The food aid programs similarly introduced aments of 143 million tons of wheat, 6.2 million
wide range of food commodities to foreign con-i5ns of wheat flour, 13.2 million tons of barley,

sumers. All of the programs focus on buildingg;7 000 tons of rice, and a variety of other agricul-
long-term demand and consequently operateg, | exports (17).

even during the export boom years of the 1970s. the Fooq, Agriculture, Conservation, and

Today, the cooperator programs operate with afiage Act of 1990 produced the Market Promo-
annual budget of roughly $37 million (4). Under yjon program (MPP) as a replacement for the Tar-
P.L. 480, the United States annually exports aboeted Export Assistance (TEA) program that op-
$1.5 billion in food and agricultural items, Or grated from 1986 to 1990. Both programs were
more than $15 billion in agricultural goods sincejntended to boost exports of specialty crops, proc-
1980 (17). Donations under Section 416 of theyssed commodities, and consumer food items.
Agricultural Act of 1949 (as amended in 1985)The MPP was authorized to operate for fiscal
continue to provide surplus commodities held inyears 1991 through 1995 to help U.S. producers
Commodity Credit Corp. (CCC) |nver_1t_or|§s. and other groups to promote exports of U.S. agri-
Outlays for Section 416 totaled $2.2 billion be-cyjtural products by assisting exporters with cash
tween 1983 and 1993. These programs were €y CCC generic commodity certificatsccord-
panded during the 1980s, as commercial salgpg to USDA, an MPP annual authorization of
slumped. $200 million was expected to lead to an annual in-

Other programs to assist U.S. agriculture wer@rease of between $400 million and $1.4 billion of
established during the slump of the 1980s, inClUdagricuItural exports (16). From 1990 through
ing such CCC mechanisms as the Export Guaran-993, when appropriations approximated $200
tee Program (GSM-102, which provides six-million, exports of intermediate (semiprocessed)
month to three-year credit for foreign purchasergommodities rose an average of $166 million
of U.S. agricultural goods) and the Intermediateannually. Exports of consumer-oriented food
Export Credit Guarantee Program (GSM-103,tems rose an average of $1.5 billion annually be-
which provides three-year to 10-year credit fortween 1990 and 1993.

3 CCC is USDA:s financing institution for its price support and export operations. It can draw up to $25 billion for the U.S. Treasury.

4 Generic certificates are paper statements issued by USDA that authorize the holder to receive commodities owned by the CCC equal in
value to the amount specified in the certificate. As its name suggests, the generic certificate may be redeemed for any commodities owned and
available from the CCC.
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TABLE 3-1: Export Enhancement Program Bonuses for Wheat, 1985-1994

Fiscal year EEP total Wheat EEP total Percent wheat
$1,000s $1,000s
1985 22,477 10,920 48.6
1986 256,250 126,922 49,5
1987 927,759 541,601 58.4
1988 1,013,655 819,534 808
1989 338,765 288,929 853
1990 311,751 241,882 77,6
1991 916,599 767,702 83.8
1992 968,199 813,205 840
1993 967,278 774,826 80.1
1994 (until 3-17-94) 597,678 452,888 758
Total 6,320,411 4,838,410 766

SOURCE: U.S. Congress, General Accounting Office, Wheat Support The Impact of Target Prices Versus Export Subsidies,

GAO/RCED-94-79 (Washington, DC, June 1994), p 48-49

IMPACT OF EXPORT PROMOTION
PROGRAMS

Twenty-one percent of all agricultural exportsin
FY 1993 were assisted by one kind of government
program or another (16). But has this panoply of
promotion programs, which together account for
more than 70 percent of all U.S. funds spent on ex-
port promotion (1), been a marked success? The
answer is both yes and no. Examined from the per-
spective of the commodities supported, the pro-
grams have had a positive influence on export lev-
els. Confirmation comes in various forms,
including the strong support these programs re-
ceive from the commodity interest groups in-
volved and the large amount of criticism leveled
against them by competitors abroad. Much of that
criticism focuses on the price-depressing effects
of export subsidies, which lower the returns for
their nonsubsidized commodity exports.

If the assessment is broadened beyond the spe-
cific commodities involved and takes into account
world markets that are moving toward processed
and consumer-ready food items, as discussed in
chapter 2, the benefits of the current programs are
less clear. The rapid growth of processed food
trade globally and the weaker markets for bulk
commodities have changed overseas marketing
opportunities. With the notable exception of the
MPP, which is geared toward promoting fruits,
vegetables, poultry, wine, and wood products, the

U.S. government makes few efforts to promote
consumer-oriented food items. The cooperator
programs, for example, have traditionally spent
far more on grain, feed, and oilseed exports than
on such consumer-oriented products as fruits,
vegetables, and meats (I). Likewise, most EEP
funds have been directed toward subsidizing ex-
ports of wheat, in an effort to stave off EU domi-
nance in the global wheat market (table 3- 1). EEP
support can be and has been criticized because the
subsidized sales may have taken place anyway,
and instead of reducing overall EU sales, EEP's
effect may simply have been to divert those sales
to other countries. This in turn could have reduced
U.S. market share in those countries. With the
MPP, the major question is whether, if the pro-
gram did not exist, private interest groups would
have spent the same amount of money on market
promotion. There appears to be little argument
with MPP' s focus on higher valued products.

By contrast, EEP's heavy focus on bulk com-
modities can be criticized for other reasons. Be-
fore the world food shortages of the 1970s, many
importing nations had little appreciation for the
benefits of grain stockpiles, but their outlook is
different today. The effect is clear in stagnating
global trade in bulk commodities, and in stable
levels of bulk commodity exports from the United
States. Although bulk commodity exports may in-
crease in the future, such increases will likely be



56| Agriculture, Trade, and Environment

due to ephemeral phenomena (bad weather, for elittle or no cost to foreign recipients. As foreign
ample) or heavy export subsidies (which raisesompetitors complained and U.S. costs for cargo
questions about the net benefit gained). From thgreference rosethe United States substituted ex-
nation’s standpoint, a more effective policy wouldport credit guarantees for food aid. Export loans
be to take advantage of markets that are growingere extended to any market in which there was a
rapidly, such as those for vegetables and meat, ameasonable prospect of repayment, a step that has
reduce emphasis on markets that are stagnant, sugme under considerable critici$nwWhen loans
as those for wheat and other bulk commodities. and food aid were no longer effective, given
A second problem with current export promo-changing global food trends, the United States
tion programs is their lack of cogency. Even if theadded direct export subsidies through EEP. At
MMP is a step in the right direction, for example,each step, costs increased. Bulk shipments, how-
it has been criticized as suffering from a vaguenesgver, flattened out after initially responding to
of purpose and direction, which renders it less effiEEP subsidies, in contrast to a continuing growth
cient and effective than it should be. Critics conin shipments of value added food items. (See fig-
tend that other programs suffer from a similar malure 3-1.)
aise. Abel, Daft and Early conclude that: Although experts disagree about the future of
USDAS allocations of market development bulk commodity exports, the_re seems to be more
funds [for the FMDP and MPP] have sometimes ©f & COnsensus that growth in processed and con-
taken place without sufficient regard to maxi- Sumer-ready food exports will continue, barring a
mizing the effectiveness of these expenditures Major downturn in the world economy. This prog-
with respect to either expanding exports or Nnosis leaves the United States with hard choices
benefiting agricultural producers. Neither Con-  regarding the ideal level of land retirement pro-
gress nor USDA has provided a clear and defen- grams; the optimum amount of crop output; the
sible set of criteria that define the intended uni-  appropriate level of export promotion outlays for
verse of market development activities to be  pylk and processed commodities; and the amount
covered by both the FMDP and MPP (1). of outlays for research on traditional and indus-
There have been many suggestions for imtrial crops, as well as for improved understanding
provement. Some contend that the FMDP and thef global markets. Because these choices each in-
MPP need more specific guidelines for whichvolve trying to anticipate future trends in global
products to promote, that the programs’ objecagricultural production and demand, none of them
tives should be more clearly defined, and that exis clear cut. It is also important to keep in mind the
port performance and future prospects should betate of domestic food balances, even though food
evaluated market by market (1). surpluses have been a far larger problem than food
A final problem associated with governmentscarcity in the United States over recent decades.
programs is that they simply cost too much. To
maintain export shipments of bulk commoditiesNTERNATIONAL TRADE AGREEMENTS
in the face of shrinking global markets, more andrhe United States pursues its agricultural trade
more programs have had to be added, with highegoals not only through domestically based export
costs. Early on, programs such as Section 416 aqmomotion programs and trade restrictions, but
Titles Il and IIl of P.L. 480 provided food aid at also through a variety of international trade agree-

5 Federal law requires that a specified proportion of food aid be shipped on American cargo ships, which have substantially higher costs per
ton of cargo shipped. The costs of shipping food aid rose as the so-called cargo preference law was implemented.

6 GAO estimated that about $6.5 billion of the $13.55 billion in outstanding loan guarantees would not have been repaid if the programs had
ended on June 30, 1992 (9). Substantial losses were incurred when Iraq defaulted, following the Gulf War in 1990. After the breakup of the
Soviet Union, Russian defaults were prevented only through debt rescheduling by the so-called Paris Club.
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ments. A decade of negotiation was required, butulture when it set up programs to aid exports of
today the United States is party to the U.S.-Israedgricultural products, including direct export sub-
Free Trade Agreement, the U.S.-Canada Fregidy programs and food aid programs. Both were
Trade Agreement (FTA), and the North Americanprohibited for industrial products under GATT
Free Trade Agreement (NAFTA) with Canada andules. As other countries began to implement ex-
Mexico. It is also a founding member and majorport subsidies, the United States pushed for and
sponsor of the General Agreement on Tariffs anavon agreement in the Tokyo Round for limits on
Trade (GATT), which dates back to 1947 and wagxport subsidies for agriculture. The provision—
succeeded this year by the World Trade Organizghat subsidies are acceptable only as long as a
tion (WTO). country does not take more than an equitable share
Since its inception, GATT and more recently,Of the world market—limited but did not prohibit
the WTO has been the chief mechanism throughountries from operating agricultural export sub-
which the United States has pursued internation&idy programs?
trade negotiations and the goal of trade liberaliza- The exceptions granted the United States have
tion. Eight rounds of multilateral negotiations to not been unique. The EU, for example, used simi-
lower tariffs have taken place. Each of thesdar exemptions to operate the Common Agricul-
rounds significantly reduced tariffs on industrialtural Policy (CAP) it established in 1961. Such
products, but had much less of an impact on agrimoves to protect domestic agriculture under
cultural trade—partly because agriculture trade i$SATT have been considerably at odds with de-
affected less by tariffs than by nontariff barrierscades of GATT efforts to liberalize trade, most of
(NTBs) such as import quotas, border fees, variwhich had little effect on agriculture. The Kenne-
able levies, and import licenses. Although thesely Round negotiations (1965-1967), for instance,
barriers have generally been inconsistent wittwere not markedly successful in reducing barriers
GATT rules, GATT members, over the decadesto agricultural trade. After extended efforts to
have become quite adept at acquiring exceptiorlgreak an impasse between the United States and
or waivers that suit their needs. the EU (then the European Community, or EC),
The United States, for example, secured &he agricultural discussions ended up focusing on
GATT waiver for its dairy price support programs a further reduction of tariffs and a World Grains
in 19518 In 1955, it received another waiver for Arrangement that, concluded under the auspices
Section 22 quotas on sudafhe United States of the International Wheat Council, ultimately did
also encouraged special GATT treatment for agrinot work. The Tokyo Round (1974-1979) also

7 Article X1 of the General Agreement prohibits the use of quantitative import and export restrictions. There are three exceptions that relate
to agriculture: (a) temporary export restrictions may be applied to prevent or relieve shortages of food or other essential products; (b) import
restrictions may be used for any agricultural or fisheries product where such restrictions are necessary to enforce domestic marketing or produc-
tion restriction programs or for the removal of temporary surpluses; and (c) both import and export restrictions may be used if necessary for
establishing standards for classification, grading, or marketing of commodities (11).

8When imports of dairy products threatened to interfere with the price support program in 1951, Congress amended Section 22 of the Agri-
cultural Act of 1935, making mandatory the imposition of import quotas or fees whenever imports threatened to render ineffective any domestic
price support program—even if the quotas or fees were inconsistent with the obligations of the United States under previous trade agreements.
The 1951 amendment to Section 22 stated that “[n]o trade agreement or other international agreement heretofore or hereafter entered into by the
United States shall be applied in a manner inconsistent with the requirement of this section.” 7 U.S.C. 624(f).

91n addition to Section 22 import restrictions, import quotas on sugar are imposed using authority under Headnote 2 of Part 10A of Schedule
1 of the U.S. Tariff Schedule (TSUS). The United States also has a GATT waiver for this headnote authority. For a discussion of other import
restrictions used by the United States, see (11).

10 An “equitable share” was defined in the Subsidies Code negotiated in the Tokyo Round as “the average share in three recent, representa-
tive years” (11).
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brought little progress, even though agriculturesues will be addressed by a new WTO Committee
was identified as a separate agenda item in the Ton Trade and the Environment, which has been
kyo Declaration'! In the end, the United States commissioned “to immediately prepare for the

provided additional access for cheese and oth&vTO’s work in this area by examining:

livestock products, Japan expanded its quotas fqf' the transparency of the present international
peef and citrus imports, and the EU reduced its tar- system:

iffs on tobacco, beef, and poultry. = exports of domestically prohibited goods;

Unsurprisingly, agriculture proved a major . the relationship between the GATT dispute
stumbling block in the recent Uruguay Round  gettiement system and that of international en-
(1986-1993). Throughout the early years of the ;.o mental agreements:

Uruguay Round negotiations, the United State§ gnyironmental measures with an effect on
pushed for the complete elimination of all subsi- trade, such as packaging, labeling, and marking
dies and restrictions on agricultural trade, while requirements, product standards, and environ-
the EU argued for a slow phase-out of agricultural  jantal taxes or charges: the relationship be-

subsidies. Early in 1989, after the inauguration of ,aen market access and the environment (in-
a new U.S. President, and the appointment of a cluding tariff escalation)” (4).

new cabinet and a new U.S. trade negotiator, the _ _

United States eased its hardline position on agri- 'r@dé and environment issues are addressed
culture, while the EU, responding to budget presturther in chapter 5 of this report.

sures from higher agricultural spending, eased its

opposition to reduced support levels. Eventually[] GATT (WTO)

after negotiations had broken down several timeshe URA's provisions on agriculture have been
over the extent to which support levels should bgouted as significant steps toward liberalizing
reduced, an “historic” agreement was reached iglobal agricultural commerce. They cover a range
December 1993. After extensive review, legisla-of issues, including domestic subsidies, tariffs,
tion was introduced into both houses of Congresgnport quotas, intellectual property rights, and
to approve the Uruguay Round Agreementsertain health and safety standards. The new pro-
(URA). On December 1, 1994, the Senate folvisions require WTO members to eliminate all
lowed the House of Representatives in passing thuotas, variable levies, voluntary export restraints
legislation by a wide margin of votes. After seven(VERs), and similar nontariff barriers to agricul-
years of negotiations and six months of considertural trade, and replace them with tariffs. Accord-
ation by the Congress, the URA went into effectingly, for the United States, all Section 22 quotas
on January 1, 1995. Its agricultural provisions areind Meat Import Act VERs must be converted to

summarized in box 3-2. tariffs, which must be lowered by an average of 36
percent over six years (24 percent for developing

TERMS OF THE NEW TRADE countries) beginning in 1995. Tariffs on each cate-

AGREEMENTS gory of imports must be cut a minimum of 15 per-

The new bilateral and multilateral agreements focent (10 percent for developing countries). With
managing international trade are more inclusiveegard to agricultural products that are currently
than past agreements. Among the new issues thsibject to import quotas or bans, members must
have been recognized and addressed for the firehsure that imports account for at least 3 percent
time is the impact of trade on the environment. Irof the base-period domestic consumption in 1995
a multilateral context, trade and environmental isand 5 percent by the year 2000. (An exception to

11 The Tokyo Declaration can be found in (3).
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BOX 3-2: Agriculture Provisions of the Uruguay Round Agre

IMPLEMENTATION PERIOD:
Six years, beginning in 1995 (1 O years for developing countries).

MARKET ACCESS:

Convert nontariff barriers (NTBs) to tariff equivalents, reduce tariffs by 36 percent on average, with mini-
mum tariff cuts of 15 percent; require minimum access of 3 percent, expanding to 5 percent of base
period domestic consumption levels for products covered by NTBs; maintain current access for prod-
ucts covered by NTBs with greater than 5 percent access; and establish special quantity-triggered and
price-triggered import safeguards for agricultural products subject to tariffication. Base period for in-
creased market access actions is 1986-1988.

EXPORT SUBSIDIES:

Reduce quantity of subsidized exports from 1986-1990 base by 21 percent; reduce budgetary outlays
for export subsidies from 1986-1990 base by 36 percent, begin reductions from the higher of
1986-1990 average or, under certain conditions, the 1991-1992 average; make reduction commitments
on a product-specific basis; impose budgetary disciplines on export subsidies for processed products;
ban use of export subsidies for products not subsidized during the base period. Base period for export
subsidies is 1986-1990.

INTERNAL SUPPORT:

Reduce total aggregate measurement of support by 20 percent, with credit for reductions made since
1986; establish criteria for non-trade-distorting policies; and provide criteria for production-limiting poli-
cies. Base period for internal support 1s 1986-1988.

SANITARY AND PHYTOSANITARY MEASURES:

Base SPS measures on science, using risk assessment methodologies; encourage use of international
standards but recognize the right to use stricter standards; require transparency in development and
Implementation of SPS measures.

SPECIAL AND DIFFERENTIAL TREATMENT FOR DEVELOPING COUNTRIES:

Require lower reduction commitments for developing countries, equal to two-thirds of corresponding
commitment for developed countries, to be Implemented over 10 years; exempt least-developed coun-
tries from reduction commitments. Base period for internal support actions is 1986-1988.

DUE RESTRAINT PROVISION:
Provides that policies that conform to the new disciplines and commitments on domestic and export
subsidies are sheltered from international challenge under WTO/GATT during the implementation period.

SOURCE: U. S. Department of Agriculture, Foreign Agricultural Service, Agricultural Provisions of the Uruguay Round, Washington,
DC, January 1994, p. 9.

this rule is Japan, which, instead of converting its
ban on foreign rice to a tariff immediately, agreed
to import 4 percent of domestic consumption in
1995, and 8 percent within eight years.)

The URA text on export subsidies follows sim-
ilar lines. The major agricultural exporters (the
United States and the EU) must cut their export
subsidies by 36 percent in budget outlays, and by

21 percent in volume, within six years, using
1986-1990 as a baseline. With regard to domestic
farm subsidies, the new agreement requires all
members to reduce current domestic support to
farmers by 20 percent over a six-year period (10
years for developing countries), using 1986
through 1988 levels as a base. Certain support pro-
grams deemed to have few or no adverse effects on
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URA will ease trade barriers and reduce export subsidies
between a hundred or more nations.

trade—such as conservation measures, crop in

surance, and extension programs—are exempt

from this requirement, as are deficiency payments

and food aid programs. Although deficiency pay-
ments are not considered to affect internationa
trade patterns adversely, their impact on produc

tion patterns in the United States suggests thaf

U.S. exports may be skewed in favor of the crop

covered by target prices. Thus, while the United

States is free to continue target price programs u
der the URA, their effects on domestic production
patterns and export composition raise question
about the wisdom of using them.

Health and safety issues associated with agri
cultural trade generally fall under the rubric of
“sanitary and phytosanitary” (SPS) measures
which include regulations to protect human, ani-

mal, or plant life and health from disease, nonindi-

genous species, dangerous levels of pesticide us
and so forth. Traditionally, GATT’s article XX ex-

S

n=

or health™a description that includes most SPS
measures. However, the URA emphasizes that
members may employ SPS measures “only to the
extent necessary to protect human, animal, or
plant life or health” and must use SPS measures
that are “least restrictive” to trade. The text also
stipulates that SPS measures cannot generally be
maintained “without sufficient scientific evi-
dence.” An exception permits countries-under
certain circumstances in which scientific evidence
is not available—to set SPS standards that are not
based on scientific evidence. Technical regula-
tions and standards, such as packaging and label-
ing requirements, must conform to similar rules.
Finally, the URA establishes the WTO, which,
as noted above, has now taken on the GATT agen-
da and other responsibilities. Perhaps most ger-
mane for agricultural trade, the WTO has much
stronger powers with regard to trade disputes than
GATT did. Under the WTO, panel decisions hold
unless there is a unanimous member vote against
them. Under the old provisions, panels of experts
were convened to resolve disputes between mem-
ers, but authority to enforce decisions was ex-
emely limited. Any GAIT member could, in
act, block a panel decision, and GATT could not
Iactually enforce the decisions of its panels. Its
only prerogative was to grant permission for the
omplaining nation to use trade sanctions against
an offending nation if the latter did not comply
with the GATT panel ruling. Under the new provi-
sions, a defending party:

... cannot block the formation of a panel and
strict time limits are imposed for each step of the
process. Once the panel has issued a report it will
no longer be possible for wither party to block
adoption of the report . . . Perhaps the most sig-
nificant improvement in the process is that the
complaining party will be given the right to
retaliate if the offending party does not imple-
ment the recommendations of the panel within
e, the agreed or arbitrated time limits (14).

One result of the URA is much strongerovi-

S

empted from GATT rules domestic measuressions for enforcement of panel decisions.
“necessary to protect human, animal, or plant life
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Negotiations under the Uruguay Round went on for 7 years, covering Presidents Reagan, Bush, and Clinton. The negotiations
ended in December 1993 and Congress gave final approval for the massive agreement in December 1994. Most of the URA
provisions will be implemented by 2000.

=« NAFTA continue to abide by the U.S.-Canada FTA’s agri-
Agricultural trade was not the defining issue in thecultural trade provisions. _
NAFTA negotiations that it was in the Uruguay  Unlike the URA, which simply reduces tariffs
Round talks. Nonetheless, the United States, CarPh many of the agricultural goods traded among
ada, and Mexico remained deadlocked for monthdts members, NAFTA completely phases out
over many of the same issues: domestic agriculNorth America’s regime of agricultural tariffs.
tural practices and other NTBs. At the behest offhe time period for the tariff phase-out depends
Canada, which sought to preserve its supply manon the crop or product. For example, tariffs on

were negotiated: between the United States an@ffect. However, tariffs on extremely “import-sen-
Mexico, and between Mexico and Canddehe  Sitive” agrlcultura_l exports-products that have
United States and Canada agreed that they woulfiaditionally required substantial legislative

11 4y nobed peeviously, Cannds eventually ogreed po dismartle its sapply mansgement system and its NTBs for dairy and poulery usder the
URA.
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protection from imports—are phased out over 15s a means of countering subsidized exports from
years. Import-sensitive products include corn an@ountries outside the NAFTA group. Consequent-
beans for Mexico, and orange juice, peanuts, anlg, the NAFTA text includes several measures that
sugar for the United States. address the issue: for instance, a NAFTA exporter
NTBs, such as import quotas, are handled in anust give another NAFTA country at least three
slightly different manner. Under NAFTA, the days’ notice before introducing an export subsidy.
United States and Mexico must convert them ei- Quality and SPS standards were an important
ther to ordinary tariffs, which are phased out acpart of the NAFTA negotiations. The final NAF-
cording to the agreed-upon tariff schedules, or tarfA text, for example, allows the United States to
iff-rate quotas (TRQs). In opting for a TRQ, eithercontinue using marketing orders—specifications
Mexico or the United States may allow a specifiedegulating quality, cosmetic appearance, and as a
amount of duty-free imports of a certain good, andesult, quantity and price—for fruits and vegeta-
impose a predetermined tariff (equal to the estibles. However, the agreement also states that
mated value of the preexisting NTB) on all im-when they institute such measures, the United
ports above that amount. The specified amounbtates and Mexico must offer no-less-favorable
expands, and the tariff is lowered, until all importstreatment to “like” products that are imported for
are duty free. NAFTA also provides “safeguards”processing. With regard to SPS standards, NAF-
against trade surges for selected products, whichA upholds each party’s right to choose and main-
means that ifimports exceed a specified level for &gain the SPS measures it deems appropriate for its
specified product, the importing NAFTA country needs. The measures must, however, be grounded
may levy short-term tariffs on that product. Thein scientific principles and risk assessment, must
specified “trigger” levels increase over a 10-yeamot constitute a disguised barrier to trade, and
transition period. Such products include live hogsshould be used only to the extent required to attain
(Mexico) and fresh tomatoes imported betweera country’s chosen protection level. NAFTAS
certain dates (United States). treatment of labeling and packaging requirements
Although such provisions generally apply tofollows similar lines. These areas are discussed
industrial products, NAFTA requires that certainfurther in chapter 5.
agricultural products meet a rules-of-origin test—  Given that agricultural trade has been a particu-
that is, to qualify for NAFTA's preferential rates, larly contentious issue in North America of late,
these products must be entirely grown or substarthe NAFTA dispute resolution provisions are key
tially processed in a NAFTA country. As an exam-to the ultimate success of the agreement. Like the
ple, the peanuts used in making peanut butter th&/TO, NAFTA relies on panels of trade and eco-
is traded between Mexico and the United Statesomic experts to settle potential disputes among
must all be grown in a NAFTA country; and tradedmembers, and allows for consultation with experts
sugar must be grown and refined in a NAFTAIn other disciplines. The agreement also creates a
country. trilateral commission on agricultural trade that
NAFTA's position toward domestic agricultur- will monitor how the NAFTA agricultural provi-
al subsidies, as well as export subsidies, is consigions are implemented and administered.
erably less stringent than that of the URA. With re-
gard to domestic supports, NAFTA simply IMPLICATIONS OF GATT AND NAFTA
exhorts members to “endeavor to work towardA major difference between the URA and NAFTA
support measures that (a) have minimal or nds that limits on export subsidies are included in
trade-distorting or production effects; or (b) arethe URA. Export subsidies assumed a much great-
exempt from any applicable domestic support reer importance under the URA because of its
duction commitments that may be negotiated unbroader coverage. During the URA negotiations,
der the GATT.” The agreement also recognizegxport subsidies escalated as the United States and
that export subsidies are “inappropriate,” excepthe EU vied for a nearly stagnant world market.
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TABLE 3-2: Export Subsidy Commitments of the United States, European Union, and Canada

Under the Uruguay Round Agreement

Outlay commitment U.S.$1,000 EU1,000 ECU Canada C$1,000
Wheat & products

1995 765,490 2,069,400 311,000

2000 363,815 1,141,100 199,000
Rice

1995 15,706 58,100 NA

2000 2,369 39,600 NA
Coarse grains

1995 67,735 1,296,700 116,000

2000 46,118 882,900 75,000
Meat (beef, pork, poultry)

1995 21,377 2,300,800 NA

2000 37,874 1,468,400 NA
Dairy products

1995 185,626 3,046,600 126,500

2000 116,618 2,011,400 80,800

SOURCE:International Agricultural Trade Research Consortium (Tim Josling, et algi ‘I‘:')I'heI Uruguay Round Agreement on Agri-
aul,

culture An Evaluation, " Commissioned Paper No 9, University of Minnesota,

Both governments tried to position themselves for
maximum negotiating advantage. Under the final
agreement, all countries that use export subsidies
will gradually lower their use. The levels nego-
tiated by the United States, the EU, and Canada,
the three largest subsidizers, are summarized in
table 3-2 for major commodities for 1995 and
2000.

The amount of subsidies negotiated and the
amount specified in the individual country sched-
ules submitted to GATT were measured in each
country’s currency, which makes comparisons
among countries more complicated. To overcome
this difficulty, subsidies for 1995 and 2000 were
converted into U.S. dollars using exchange rates
from November 1994 and are shown in table
3-3. Wheat export subsidies are the largest for the
United States and Canada, while dairy subsidies
are the largest for the EU, followed by meat,
wheat, and coarse grains. Levels of export subsi-
dies for wheat and wheat products will be cut near-
ly in half between 1995 and 2000 for all countries.
For coarse grains, the reduction is not as large
(about one-third). For meat, the EU will remain a

Minnesota, July 1994

large subsidizer even in 2000, as it will for dairy
products.

The amount of agricultural export subsidies al-
lowed for 2000 are lower for al countries and all
commodities. An overall reduction of 36 percent
was agreed to by Canada and the EU, while the
United States agreed to a reduction of 49 percent.
Some variations among commodities and within
commodity groups were evident in the final U.S.
subsidy numbers, although the differences are not
extreme. With regard to dairy products, for exam-
ple, there were large reductions for some items
and smaller reductions for others. U.S. wheat sub-
sidies were lowered more in percentage terms than
coarse grains, but the total amount of subsidy for
wheat was much larger. Export subsidies for rice
were cut significantly, but some offset was pro-
vided by the marketing loan program, which al-
lows growers to repay their price support loans at
world market prices, then sell their rice for either
domestic consumption or export at lower prices
and still cover costs of production. Examined
from this perspective, the marketing loan program
is another form of export subsidy. It is available

“On November 9, 1994, the ecu traded at 1.2599 U.S. dollars and the Canadian dollar traded at 0.7375 U.S. dollars, according to the Wall

Street Journal, p. C 16.
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for crops other than rice, although USDA has chofood aid programs were also excluded from cov-
sen not to implement it for them. erage. This exemption could become important if

Export subsidies are only a part of total outlayscountries redefine export shipments to countries
for agricultural commodities. In addition, produc- in economic or environmental distress.
ers in the United States and the EU receive pro- Besides the URA, the United States is also im-
duction payments that offset lower market pricesplementing the terms of NAFTA. Will the two
These payments act as indirect export subsidiesgreements help the United States to compete
although, because they are available to internahore effectively in the world market for food and
buyers as well as export buyers, they are not teclagricultural products? They are projected to do so,
nically export subsidies. Neither U.S. deficiencyalbeit modestly. According to USDA, the URA is
payments nor the new compensation paymentsxpected to boost U.S. agricultural exports by
under the reformed CAP had to be lowered unde$1.6 billion to $4.7 billion in nominal terms by
the terms of the URA? Each country must estab- 2000 (3.8 to 11.0 percent increases over 1993 ex-
lish a ceiling for the amount of support affordedports of $42.6 billion), and between $4.5 billion to
producers through internal support mechanisms8.7 billion by 2005 (13). Farm income is ex-
Average support provided to producers for allpected to be $1.1 billion to $1.3 billion higher than
commodities must be less than levels extended fayould otherwise be the case in 2000 (2.4 to 2.8
the 1986-88 period. Since payments have depercent increases over 1993 net farm income of
clined in the interim years, this leaves open the o$45.5 billion), while government outlays are pro-
portunity for both countries to provide larger in- jected to decline by $0.7 billion to $1.3 billion
come support payments in the future. However(4.4 to 8.1 percent decreases over 1993 govern-
since income support payments cover a large poment outlays of $16.0 billion). In 2005, farm in-
tion of total production, costs are considerable angome is projected to increase by $1.9 billion to
may act as a constraint on their use, given budggp.5 billion, and government outlays could de-
limitations in both the United States and Europecline by $2 billion to $2.6 billion (13).

The URA allows other types of indirect export  Estimates from other organizations, although
subsidies to continue. Schott (4) outlines the dethey project expanded trade, are less optimistic.
tails: The U.S. International Trade Commission (ITC),

The agreement expressly excludes several forinstance, concludes that “because the Uruguay
types of export subsidy programs from the new Round agreement will increase both export oppor-
disciplines. Export credits, credit guarantees, tunities and the level of imports for most agricul-
and insurance programs are not covered, but turalsectors, the overall net trade effects are likely
governments commit themselves to develop and to show negligible to modest gains at the sector
adhere to internatio_n_ally agreed di_sciplines iN" Jevel.” As a result of the URA, the ITC projects
these areas. In addition, privately financed ex- g (1 to 5 percent) increases in exports of live-
ngég'gr';r?;);gcggi;eﬁlszé‘\’/g?n?nse':n';ngergan' stock, meat, poultry, and eggs; modest increases

(5o 15 percent) in exports of such bulk commodi-

to products receiving other governrtssupport. ) : i . )
This provision ensures that those producer-fi- ties as grains, as well as in fruits and vegetables;

nanced export subsidy schemes that provide bene- @nd “sizable” increases (more than 15 percent) in
fits comparable to those under similar govern- dairy products and beverages (18). Also according
ment programs are subject to GATT disciplines. to the ITC, U.S. agricultural exports of grains and

141n 1992, the EU reformed the CAP, instituting mandatory set asides to lower output and compensating European farmers with government
payments that are based on the hectares of crops planted, not on the level of output. U.S. target price payments are based on acreage and yields
although the yields are frozen at 1985 levels. Flex acre provisions provide additional limitations with payments limited to 85 percent of the base
acres on a farm.
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TABLE 3-3: Export Subsidy Commitments Converted into Dollars for the United States,

European Union, and Canada Under the Uruguay Round Agreement.

Outlay commitment U.S.$1,000 EU$1,000 Canada$1,000
Wheat & products

1995 765,490 2,607,237 229,363

2000 363,815 1,437,672 146,763
Rice

1995 15)706 73,200 NA

2000 2,369 49,892 NA
Coarse grains

1995 67,735 1,633,712 85,550

2000 46,118 1,1 12)366 55,313
Meat (beef, pork, poultry)

1995 21,377 2,898,778 NA

2000 37,874 1,850,037 NA
Dairy products

1995 185,626 3,383,841 93,293

2000 116,618 2,534,163 59,5900

SOURCE: International AgriculturalTrade Research Consortium (Tim Josling, et al ), “The Uruguay Round Agreement on Agri
culture An Evaluation, ” Commissioned Paper NO 9, University of Minnesota, St Paul, Minnesota, July 1994

oilseeds, certain fruits, poultry, and dairy products
to Mexico are likely to increase modestly to con-
siderably in the long term under NAFTA, while
imports from Mexico will rise somewhat for fro-
zen vegetables, citrus juice, and some fruits, such
as strawberries, grapes, and melons. In an assess-
ment somewhat similar to that of the URA, the
ITC concludes that NAFTA “will likely have a
minimal impact on overal U.S. agricultural com-
petitiveness’ (19).

Could the gains have been greater? A key factor
would be whether interna subsidies, such as those
that the EU and United States provides its farmers,
are actually affected by the URA. In the final anal-
ysis, this appears not to be the case. The base years
from which reductions in domestic farm subsidies
are calculated (1986- 1988) represent a period in
which the governments of both the United States
and the EU lavished considerable sums on their re-
spective agricultural sectors (through both pro-
duction and export subsidies). Since that time,
however, domestic budget woes, plus the easing
of financial problems in U.S. agriculture, have led
to reform of U.S. policies and forced the EU to
launch reforms of the CAP. These reforms and re-
ductions have lowered total outlays on agricultur-
al programs considerably. Consequently, even

though total outlays must be lowered by 20 per-
cent under the URA, actual reductions will not be
required.

In addition, and as noted earlier, the URA ex-
empts a number of subsidies from its disciplines,
such as conservation measures, crop insurance,
and disaster programs. These programs are not
considered to have adverse effects on trade be-
cause the payments do not ultimately support
commodity prices. Included among them are gen-
eral service programs such as research, extension,
and pest and disease control, as well as inspection,
market promotion, and infrastructure support.
The result is an agreement on internal supports
that is, according to Jodling et al., “elaborate win-
dow dressing, but transparently nothing of sub-
stance” (6). The United States will not have to
make additional cuts to comply with the URA,
and the EU’ s concessions will be “relatively lim-
ited” (6). Reductions in export subsidies will also
be modest, given ongoing CAP reform, although,
notably, the United States will match the EU’s
ton-for-ton reductions in subsidized exports in
wheat. By extension, it seems likely that, as Jos-
ling et d., point out, “the United States will . . . con-
centrate its export subsidy bonuses in those mar-
kets that continue to face subsidized competition
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from the EU” (6). Developments such as thesengage from the elaborate system of farm support
may in fact serve to draw U.S. attention and dolmechanisms that both countries currently have in
lars to promoting high-value products, althoughplace. Lower tariffs and the process of converting
the process may be slow and incremental. Inits resertain NTBs to tariffs will bring more competi-
port on the URA, the ITC noted that U.S. exportgion from outside suppliers. Price supports may
of such high-value products as fruits and vegetaagain act as incentives for other countries to ship
bles, poultry, livestock and meat, beverages, anthore products to the United States. Target price
certain specialty items may benefit from new proprograms may become more costly as foreign sup-
visions in the URA's SPS agreeméht. plies lower global and internal market prices, ex-
Because both the URA and NAFTA lower and/orpanding the differential between target and market
eliminate tariffs and traditional NTBs such asprices and increasing the level of budgetary pay-
guotas, some have speculated that member couments.
tries may compensate by using their SPS regula- The United States has already taken steps to
tions as barriers to agricultural imports. Kuo andcorrect some problems that have grown out of the
Yanagisawa contend, for example, that both Japancreased globalization and greater trade orienta-
and South Korea may seek to protect their newlyion of the past two decades. An example is the
opened rice markets by imposing discriminatorycreation of flex acres in the 1990 farm bill, a step
safety standards on post-harvest chemical treathat was designed to lower budgetary cost and re-
ments of rice (8). Such uses of health and safetyerse the decline in U.S. soybean acreage. The de-
standards are not new: the EU’s Third Countrycline was the outgrowth of complex interactions
Meat Directive and its ban on meat products fronbetween the economics of domestic farm pro-
animals given certain hormones are cases in poingrams and the expansionary tendencies of foreign
In a related matter, packaging and labeling resuppliers. (See box 3-3.) But the result was more
quirements that fall under the aegis of “environ-soybean acreage in Brazil and Argentina and less
mental” measures have increasingly been the sulacreage and fewer exports of soybeans and soy-
ject of disputes involving such products as tradetbean products from the United States.
beverages. Whether high-value U.S. agricultural Beyond the internal problems, current farm
exports would be significantly impeded by a glob-programs also have led to external problems. One
al increase in SPS and “environmental” measuregery visible problem has been the matter of wheat
used as trade barriers is not yet clear, but remainsports from Canada. The problem revolved
a possibility—and the ability of the WTO or around a U.S. target price for wheat that encour-
NAFTA to effectively and consistently prevent aged more wheat production than markets would
the use of SPS and environmental measures in thigsorb without large export loans and export sub-
manner has yet to be determined. These subjectilies. These programs expanded exports and
are discussed further in chapter 5. raised the domestic price of wheat, drawing in
wheat from Canada. Before the U.S.-Canada FTA
TRADE AGREEMENTS AND DOMESTIC was implemented, such shipments were discour-
PROGRAMS aged by threats of Section 22 actions. Under the

Although the URA will have little directinfluence FTA, however, Canada had the opportunity to ship
on the level of domestic subsidies that the Unitedvheat into the United States. Although technical-
States and the EU give their farmers, it seems likdy permissible, the shipments led to tensions be-
ly that the new trade agreements, along with ongdween the two countries, as U.S. wheat farmers
ing budgetary pressures, will exert pressure to dissaw the benefits of export expansion programs si-

15 The agreement provides for “mutual acceptance of national inspection systems and adoption of a “regionality” provision that permits

exports from certified disease-free areas within a country” (18).
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BOX 3-3: The Soybean Situation

Soybeans, like all crops, must compete for available cropland. As part of this competition, farmers compare
expected returns per acre from other crops with expected returns from soybeans. In making these comparisons,
farmers take into account that wheat, corn, other feed grains, rice, and cotton are covered by both price support
programs and deficiency payments under target price programs. Soybeans are covered only by price supports

The availability of price supports and, since 1973, target price payments for other crops, favors the production
of other crops over soybeans This is especially true across the Corn Belt, where yields of corn have Increased
relative to soybean yields As corn yields rose and production exceeded market requirements, acreage reduction
programs were Instituted to hold down total output of corn and other program crops As a portion of the nation’s
cropland was idled, less acreage was left for soybeans, which contributed to a downward trend in soybean acre-
age From a high of 72 million acres of soybeans planted in 1979, U.S. soybean acreage declined and totaled 61
million acres in 1994, while acreage in other countries continued to rise (figure 3-4).

FIGURE 3-4: Area of Soybean Harvest, 1964-1993
30

2 United States ,\./+

Brazil

Millions of hectares
o

04 . e
1964 66 68 70 72 74 76 94

SOURCES U S Department of Agriculture, Economic Research Service, Production, Supply and Demand Database, 1994

In an effort to reverse the downward trend in soybean acreage, the 1990 farm bill provided that soybeans
could be planted on a portion of acreage previously devoted to corn and other major program crops without loss
of future eligibility for target price payments. This flexibility provision, along with unusual weather conditions, ended
the downward trend in soybean acreage. Modest increases occurred in 1991 and 1992, with more than 59 million
acres planted. Acreage Increased to 60 and 61 million acres for 1993 and 1994, respectively—although some ana-
lysts argue the increase may have been due to the extremely wet spring and fall of 1993, which preventedplant-
ings of other program crops. The added flexibility 1s not given much credit for the increased acreage. Soybean
acreage is not expected to increase very much unless further changes are made in current farm legislation.

SOURCE Office of Technology Assessment, 1995

phoned off to a competitor country. After severd  clarified-but the fundamental conflict remains
years of dispute, the United States requested in  even though the URA will further limit the use of
1992 that a dispute settlement panel be setup o restraints on wheat imports.”

resolve the issue. Some aspects of the case were

16 For an extended review of the U.S-Canada trade dispute over wheat, see (12).
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As the URA is implemented over the next sev- 8. Kuo, Cheng-tian, and Takuya Yanagisawa, “The
eral years, other conflicts between the new agree- Politics of Japan’s Rice Tradelburnal of North-
ments and old farm program regulations are likely ~ €ast Asian Studiespl. 11, winter 1992, pp. 19-39.
to arise. Similarly, there may be more conflicts be- 9- U-S. Congress, General Accounting Office, Re-
tween the old programs and new global market ~POrt to Congressional Requestdrsan Guaran-
trends. Two examples where current program reg- tees: Export Credit Guarantee Programs’ Costs

ulations are in conflict with global market trends
are the prohibition on planting of fruits and vege-

down production of items that are in growing de-

mand in world markets. While they may haveqq.

been well intentioned when initially established,

the new trends in global markets have made both

of questionable value to the nation.
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overing nearly half of all the land in the United States,
farms and ranches have a profound effect on the nation’s
environment. The quality of water and wildlife habitat—
and indeed, the continuing productive capability of soil
itself—depend on how farmers and ranchers manage their land, and
how the environment responds to their management techniques.
Research and monitoring of agroenvironmental condi-
tions—those produced by the interaction of agricultural and envi-
ronmental systems—provide some broad evidence of agricul-
ture’s role in the quality of soil, water, and wildlife resources. The
first section of this chapter reviews the evidence, which indicates
that some agricultural practices have had a significant impact on
the nation’s environment. While, on the one hand, erosion of
cropland has decreased significantly for several decades, agricul-
ture remains the nation’s primary contributor to surface water
pollution, principally because of sediment deposition and
agrichemical runoff from dryland and irrigated systems. Nitrate
from fertilizers used in agricultural production have leached into 3
and contaminated groundwater, exceeding federal drinking water §
standards in many agricultural areas. Comprehensive monitoring &
of agricultural pesticides in groundwater is not yet available, but &
some state studies focused on agricultural areas indicate con-
centrations in excess of drinking water standards do occur. Fur-
ther, observations of wildlife show that impaired water quality as
well as agricultural land uses can degrade the quality of habitat of
aquatic, wetland, and terrestrial species. Indeed, agricultural
practices have been linked with at least one-third of endangered
species and with the extinction of species. But conservation pro-
grams introduced in the mid 1980s have also significantly in-
creased some species populations. | 69
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It is important to note that at this time, a com-decades. Pesticide registration involves a pro-
prehensive assessment of agriculture’s effects amacted and costly review process that is behind
environmental quality is not possible, becausechedule and has created impediments to innova-
agroenvironmental monitoring is incomplete andtion. Problems in reregistering compounds for mi-
the interactions between agricultural activitiesnor use crops with small pesticide markets exem-
and the environment are not well understoodplify the costliness, prompting recent admini-
There is a pressing need not just for more researcsirative improvements. Farmers applying for per-
but for more sophisticated agroenvironmental scimits to alter wetlands for agricultural purposes
ence to clarify the functioning of agroenviron- have also met with time delays, although the de-
mental systems, describe their conditions, and inlays are improving. Water pollution controls for
terpret the environmental implications of thoseconfined animal operations have not been uni-
conditions. formly enforced. Treatment of agricultural pollut-

The second half of this chapter focuses on thants in coastal zones is still in the planning stages;
basic approaches the federal government is usirgndangered species protection within the agricul-
for both known and emerging agroenvironmentatural sector is largely undocumented; and imports
problems. Currently, Washington gives incentiveof harmful nonindigenous species accompanying
to farmers and ranchers to adopt conservation arekpanded trade are covered by an incomplete set
environmental technologies through several dif-of regulations. The prospects of future potential
ferent kinds of programs. Voluntary educationalregulatory efforts are likely contributing to the
and technical assistance programs, wiiaime broadly perceived impacts of regulation.
into being during the Great Depression, have re- Taken as a whole, the incremental institutional-
mained one of the government’s chief vehicles foization of at least 40 separate federal agroenviron-
doing so—even though there is a lack of scientifianental programs, with no comprehensive over-
evidence to indicate that without subsidies, suclsight, has meant that there is no clear set of
programs lead to significant environmental im-environmental objectives and priorities for the
provements. Subsidy programs have producedgricultural sector. Clarifying agriculture’s envi-
conservation and environmental gains, but generonmental responsibilities, and the public and pri-
ally have not been targeted to areas of greatest evate roles in accomplishing those objectives,
vironmental significance and have not always enwould reduce uncertainty for all sides and allow
couraged cost-effective practices. Further, thegcarce public resources to be focused on high pri-
are increasingly vulnerable to budget-cuttingorities.
pressures. Compliance schemgdandmark de- Given the potential scope and long-run serious-
velopment of the 1985 Food Security Act, link en-ness of many poorly understood agroenvironmen-
vironmental performance on high erodible landgal interactions, and given the various problems
and wetlands to receipt of agricultural programthat persistin many government programs, the fu-
payments. Regardless of their efficacy to date, thiire environmental agenda for agriculture must
schemes suffer two basic shortcomings—the sizaccommodate incomplete science, while also pro-
of the compliance penalty and thus the size of thenoting research and program incentives for
incentives to implement the conservation plarachieving agricultural production and environ-
may not align with environmental priorities, and mental quality simultaneously. Interest in such
their longevity depends upon continued renewatcomplementarity” between agricultural produc-
of agricultural program benefits. tion and the environment has grown within the

Environmental regulations also affect severaresearch community, among farm producers,
types of agricultural activity, although less so tharamong agribusinesses, and among consumers.
for other industries. However, the perceived im-Technological research and development aimed at
pacts of regulation are broad, perhaps becausnhancing such complementarity holds consider-
several new efforts have begun over the past twable promise to achieve improved environmental



Chapter 4  Agriculture’s Broadening Environmental Priorities | 71

quality while maintaining competitiveness. None-monitor natural resources, but their data are not
theless, the low level of federal funding for designed to be integrated into an overall assess-
agroenvironmental research and lack of majoment. No federal databases comprehensively
program goals to enhance such technology wilevaluate national water quality conditions, trends
slow the reorientation of public research prioritiesin soil quality (except erosion), or agriculture’s ef-
from traditional production emphases to complefects on wildlife. Moreover, federal programs do

mentary technologies. not address many of the biological, chemical, and
physical links between agricultural practices and

AGRICULTURE AND ENVIRONMENTAL environmentatonditions. Indeeanany agrichem-

QUALITY icals have not been evaluated fully for their poten-

Since the 1960s, public awareness of the links bdi@l effects on the health of humans or environ-
tween agricultural practices and the environmenthental systems. The National Research Council
and evidence that those links can have serious iftNRC) has noted that the nation’s agroenviron-
plications for both human and environmentaimental research agenda is too poorly funded
health, has been growing. Consequently, federdpbout 12 percent of the total agricultural research
and state legislation has increasingly been aimefudget) and lacks focus (65).
at ensuring that farming practices balance output !nstitutional obstacles to constructing high-
goals with soil, water, and other environmentaluality databases and analytic tools are com-
quality objectives. Wetlands, which were oncePounded by technical complexities, such as varia-
considered undesirable swamps, are now recodlons in prevailing technologies, cultural prac-
nized for their contributions to water quality, tices, policy and program effects within and
flood control, and habitat. Erosion control, once2mong regions—and the sheer range and diversity
pursued mainly to preserve crop yields, now play®f natural resource endowments. As an illustra-
a strong role in reducing water pollution from sedtion, more than 2,111 distinct watersheds have
iment and agrichemical runoff. Some agriculturalbeen mapped within the continental United
lands are cultivated for crop production while alsoStatest Cutting across land and water divisions
protecting wildlife habitat. are natural habitats with a profusion of wildlife,
The environmental effects of agriculture mayplant, insect, and microbial life. Diverse agroeco-
be re-evaluated when residential and agriculturagystems—dynamic associations of crops, live-
activities come in close proximity. For example,Stock, pasture, other plants and animals using air,
localized leaching of farm chemicals into ground-soil, and water span this resource base, encompas-
water may be perceived as more harmful if thaging nearly one billion acres of privately and fed-
aquifer becomes the primary source of publicerally owned cropland, woodlands, grazing lands,
drinking water in new residential areas. The enviwetlands, and waterways (figure 4-1).
ronmental effects of long-standing farm practices The links between environmental conditions
such as aerial pesticide applications or hog proand biological healthimplications are a matter of
duction may also be redefined by the proximity ofspecial concern in evaluating agriculture’s effects
residential and agricultural lands. on the environment. In some cases, this link has
Despite growing evidence of agriculture’s ef- been expressly addressed: the maximum contami-
fects on the nation’s environment, the nature of theant levels (MCLs) established by the U.S. Envi-
effects are not sufficiently documented. At thisronmental Protection Agency (EPA) are used for
writing, many federal programs independentlymonitoring drinking water quality to protect hu-

1A watershed is an area of land from which water drains to a stream or to a lake, wetland, or reservoir.
2Bjological health, as used in this report, refers to the viability and safety of plants, wildlife and humans.
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The term ‘“agroecosystem” Indicates that farms do more than produce cultivated vegetaton and domesticated animals. Farina also affect nutrient
cycling, hydrologic flows, soil and water quality, and wildlife habitat. The term also refers to the area that most directly supports the environmental
and productive functions of farms and, conversely, in which most environmental effects of production-such as sediment deposition, modification

of wildlife habitat, or changes in water quality-are likely to be detected.

SOURCE: Adapted from EPA Environmental Monitoring and Assessment Program (EMAP), 7992 Agroecosystem Pilot Project Plan
(EPA/620/R-93/010), January 1993.
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TABLE 4-1: National Surface Water Quality, 1992

Percent of Rank of
Percent assessed that agriculture

Total resource Percent impaired of fully support as source
Water base’ assessed assessed designated uses of pollutants
Rivers and streams 3.5 million miles 18 38 56 1- primary source
Lakes, ponds, reservoirs 40 million acres 46 44 43 1- primary source
Great Lakes shoreline 5,382 miles 99 97 2 NA
Ocean shoreline 56,121 miles 6 14 80 NA
Estuaries 36,890 sq. miles 74 32 56 3- notable source’
Wetlands 277 million acres 4 50 50 1 - primary source

NA - Not Available.

*Contiguous United States and Alaska.
* Atmospheric deposition is ranked first.

°Not including Alaska.

‘Municipal point sources and urban runoff are ranked first and second.

Percent impaired plus percent fully supporting may not sum to 100. The difference is comprised of “threatened” waters—those that

are now fully supporting but at risk of impairment.

SOURCE: EPA, National Water Quality Inventory, 1992 Report to Congress

man health. In general, however, standards that
link environmental quality and biological health
are tentative or nonexistent, a result of inadequate
science, incomplete policy guidance, and the
complexity of the issues.

OPrimary Elements of Natural Resource
Quality’

Surface Water Quality

As a result of normal farming practices, soil sedi-
ment, pesticides, nutrients (nitrate and phospho-
rous), toxic metals, and pathogens can and do
make their way into the nation’s surface waters
(rivers, streams, lakes, ponds, wetlands, and estu-
aries). Water quality data collected by the Envi-
ronmental Protection Agency (EPA) suggests that
the mgjority of the nation’s surface waters that

were assessed in 1992 were of sufficient quality to
support one or more “beneficial use” designated
by states'(table 4-1). However, EPA and state of -
ficials consider nonpoint source pollution®from
agriculture to be the major contributor to remain-
ing national surface water quality problems (120).

Although the federal government does not sys-
tematically monitor surface water quality condi-
tions’and their environmental implications, agri-
culture’s predominant role in polluting surface
water-especially in regions where crops are in-
tensively cultivated or where livestock operations
are concentrated—is corroborated by numerous
reports and studies conducted by government and
independent researchers. The U.S. Geological
Survey (USGS) recently found that 71 percent of
U.S. cropland isin watersheds where at least one

‘This review of agriculture's effects on the environment focuses on the three primary natural resource groups—water quality, wildlife, and
soil quality. Discussion in chapter 6 covers the effects of air pollution on agricultural productivity. The potential effects of climate change on
agricultural and environmental systems are covered in “Preparing for an Uncertain Climate,” U.S. Congress, Office of Technology Assessment,

1993.

‘Designated beneficial uses include aquatic life support, fish consumption, shellfish harvesting, drinking water supply, recreation (swim-

ming and boating), and agricultural production (120).

*The term “nonpoint source” or “nonpoint” refers to the inability to trace pollution to a specific source or “point” of origin.

*USGS studies of water conditions, while consistently collected and extensive, are not designed to satisfy the need for comprehensive moni-

toring. State-reported data compiled by EPA do not represent a statistical sample, and moreover, are not consistently collected across states.

They are, at most, suggestive of national surface water quality (120).
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lent the pollutants are; how toxic they are to hu-
mans, aquatic life, and other wildlife; how chemi-
cally stable they are in water; and how mobile they
are in water systems. Existing research as noted
above suggests that agricultural pollutants are
prevalent in surface water, especially in areas
where land is cultivated intensively with mechani-
cal tillage, and irrigation and/or chemicals are ap-
plied. Research on the toxicity of agricultural pol-
lutants remains incomplete—nitrate and some
pesticides are established toxins, but the vast ma-
jority have not been fully tested. It is not known
how quickly nutrients and pesticides degrade in
water, but field studies suggest that chemicals are
more stable in water than in soil (37), and sedi-

Rain and irrigation waters carry sediment and chemicals from

cropland into surface waters. Drainage off fields, as shown ment does not Qegrade. Sor_ne angChemlcaIS and
above, or from underground tile empties into streams, rivers, sediment can mlgrate |0ng distances thI’OUgh rv-

lakes, or wetlands. The cumulative effect of drainage like this . . .

from many fields influences the quality of entire watersheds. ers and streams. VOlatlle agrlchemlcals can _be

Almost ~ three-quarters  of all US. cropland lie in watersheds transported thrOUgh the atmosphere and deposﬂed

where levels of sediment, fertilizer residues, or bacteria  from
livestock manure exceed EPA guidelines.

with rain into surface waters far beyond their re-
gion of origin (39).

. . - According to state reports, agricultural runoff
agricultural contaminant exceeds guidelines ¢ nutrients and sediment is a primary cause of

tablished by EPA for recreational safety or the“impairment” of lakes, ponds, wetlands, and estu-
ecological health of the water (83). . aries (120JHigh nutrient levels promote eutro-
Several large-scale studies show that agriculnpication, a condition of excessive algal growth
ture has played a significant role in supplying theyya depletes dissolved oxygen in aquatic habitat
nitrogen, phosphorus, and sediment found in theyng increases the incidence of fish kills. Buildup
nation’s surface waters (35,82,120). Crutchfieldof sediment, known as siltation, reduces water
et al. (19) found that 50 percent of nutrients reachyyality for drinking or recreation, fills in bodies of
ing freshwater systems nationwide come fromyater reduces navigability, increases the likeli-
agricultural runoff, and the U.S. Geological Sur- hood of flooding, and interferes with the spawn-
vey's National Water Quality Assessment (NAW- ing (reproduction) of many kinds of fish. Annual
QA) sampling program confirmed that, in 90 per- damages from agricultural siltation have been es-
cent of the watersheds studied, agriculturgimated to be between $3 and $13 billion in 1980
supplied most of the nutrients found in rivers and(14) and between $5 and $17.6 billion in 1989
streams in rural areas (116). Evidence also indi{101). The large range for damages reflects that
cates that the level of common agricultural pollut- both studies had to use preliminary and incom-
ants in regional watersheds declined during theplete water quality and economic information.
last decade (83). Atrazine and other herbicides as well as insecti-
The environmental implications of agricultural cides are almost always detected in surface waters
pollutants in surface water depend on how prevain regions where they are used (36,64,83,103).

"The contaminants monitored were suspended sediment, dissolved nitrate, total phorphorus, and fecal coliform bacteria (83).

*Estuaries are water passages where the sea tide meets a river current and contain brackish(mixed salt and fresh) water.
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Within regions where fertilizer use and livestock199210 Perhaps the best known example of the
are common, evidence of nitrate in surface watemobility of agricultural pollutants involves
may vary considerably across the region (36)California’s Kesterson Wildlife Refuge where ac-
Herbicide and nitrate concentrations in surface&umulations of selenium carried in irrigation
water vary seasonally but, in many streamsflows draining into the refuge poisoned waterfowl
agrichemicals may be detected year-round as theshd made the wetland uninhabitable.
are slowly released from storage in surface water Recent monitoring showed generally less than
reservoirs, groundwater, and soil (36,54,76). Th& percent of each herbicide applied on farms in the
seasonality of insecticide concentrations is simiMississippi Basin and the equivalent of 15 percent
lar to that for herbicides, but, compared to herbiof all nitrogen fertilizer used on regional crops en-
cides, insecticides in surface water are less persiger the Gulf of Mexico from the Mississippi River.
tent, concentrations are lower, and peak concerrhese percentages equate to 123 and 321 metric
trations occur later in the season (36). tons, respectively, of common herbicides like me-
While nitrate levels peak in fall, winter, and tolachlor and atrazine and 967,000 metric tons of
early spring, herbicide concentrations tend to peakitrate (6). Tributaries from lowa, lllinois, and
in the late spring and early summer when heavjflinnesota were determined to be significant
rains wash agrichemicals from newly treatedsources of agrichemicals transported to the Gulf,
fields. During this “spring flush,” herbicide levels illustrating that agricultural pollutants can remain
in streams and rivers often exceed EPA drinkingtable and mobile over long distances. Similarly,
water standards expressed as MCLs (appenddiazinon, a spray pesticide used on orchards in the
4-1). Atrazine has been measured at more than 3Dentral Valley of California, has been detected
times the MCL in some Midwestern streams andhroughout the Sacramento-San Joaquin Delta
more than 3 times the MCL in large rivers (8T).  and San Francisco Bay, in concentrations that ex-
most cases, nitrate and herbicide levels fall t@eed aquatic health recommendations established
within federal standards by late summer, ady the National Academy of Sciences (114).
agrichemicals are utilized, degraded in riverbed Reservoirs and large lakes that are slow to re-
sediment, stored in soil or groundwater, volatil-charge (i.e., where water replacement takes 6
ized into the atmosphere, or carried downstreammonths or more) can become “sinks” for agricul-
The stability of agricultural pollutants in water tural pollutants transported seasonally by streams,
enhances the likelihood that when agriculturarivers, and the atmosphere. Reservoirs sampled in
pollutants disappear from flowing waters in the1990, 1991, and 1992 held atrazine levels that ex-
regions where they originate, they may be transeeeded EPA drinking water standards even in win-
ported to coastal zones, lakes, wetlands, or reseier months, when chemical concentrations would
voirs. Indeed, researchers found that agriculturée expected to be at their lowest (38). Agrichemi-
supplied an average of 24 percent of total nutrientsals, such as DDT, atrazine, and alachlor, which
and 40 percent of total sediment in 78 estuarinean volatilize into the atmosphere and be depos-
systems (18). At least one herbicide was detectated with rainfall, may accumulate in reservoirs
in 92 percent of the reservoirs sampled in 10 midand have been detected in all of the Great Lakes
western states between April and November ofbox 4-1) (39,80). Herbicide residues can pose a

9Maximum contaminant levels (MCL), or drinking water standards, have been established by the U.S. Environmental Protection Agency
for several herbicides and nitrate (see appendix 4-1). MCL's for herbicides are based on an annual average of four or more samples and are
legally enforceable under the Safe Drinking Water Act. The MCL for nitrate is based on a single sample and not an annual average. MCL's have
been established only for individual compounds and do not address the possible effects of complex mixtures of pesticides and their degradation
products.

10jllinois, Indiana, Kansas, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin.
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BOX 4-1: Surface Water Quality

Persistent Contaminants in Freshwater Sources: Great Lakes

Toxic agrichemicals remain in the Great Lakes surface waters despite strenuous efforts at remedi-
ation and despite significant reductions in industrial sources of pollution In the Great Lakes basin,
which holds 21 percent of all the fresh water on earth (1 0,80), concentrations of toxic contaminants
generally went down between the 1970s and 1980s, Decreased concentrations of agricultural pesti-
cides, especially organochlorines such as dieldrin and DDT-related compounds, in fish tissue are con-
sidered a key indicator of that trend However, the decline in contaminants leveled off in the early
1980s, leading scientists to reconsider the likely behavior of waterborne pollutants within the Great
Lakes environment

Several causes for the chemical persistence have been observed, Some chemicals, notably DDT,
are extremely persistent (i e , resist degradation). Toxins that are bonded to bottom sediment are remo-
bilized by dredging or by the natural shifting of the lake bottoms, Slow leaching of contaminants from a
variety of sources continues Chemicals from agricultural runoff and industrial or municipal effluent are
transferred from tributaries. Volatile pollutants are transported across regions and even continents
through the atmosphere and deposited through rainfall into the Great Lakes, Finally, water in the Great
Lakes has an extremely long residence time. It will take a full century for the water currently contained in
Lake Michigan to be naturally filtered and replenished; in the case of Lake Superior, volume replace-
ment will take 172 years (79), As a result, these lakes are vulnerable to the cumulative effects of runoff,
atmospheric deposition and the persistence of the contaminants which they contain

Atrazine has been detected in Lake Superior in pristine locations that are inaccessible to all migra-
tion pathways except for the atmosphere (39) In fact, atmospheric deposition ranks as the primary
source of pollutants in the Great Lakes (1 20) Some of the persistent agrichemicals were banned in the
United States as much as 15 years ago but are believed to enter the Great Lakes Basin through the
atmosphere Others are manufacturing residues of pesticides that were never actually in use in the
Great Lakes basin at all but manufactured in the region for export.

Independent and synergistic effects of pesticide contaminants, primarily on wildlife and human
health, are still being investigated. Reproductive failures, developmental abnormalities, morphological
abnormalities, and tumors in wildlife have been linked to agrichemicals, byproducts of agrichemical
production, and their breakdown products (10) Some of the species known to be affected by persistent
contaminants in the Great Lakes include mink, otter, double-crested cormorant, herring gull, snapping
turtle, lake trout, and bald eagle (10)

Persistent Agrichemicals in the Great Lakes

Compound Agricultural uses Use status Pathway to Great Lakes basin
Mirex insecticide canceled 1976 release during manufacture
Hexachlorobenzene fungicide canceled 1990 atmospheric deposition
Dieldrin soil Insecticide canceled 1971 leaching

DDT/DDE insecticide canceled 1971 atmospheric deposition
Toxaphene cotton crop insecticide canceled 1982 atmospheric deposition

Source” Office of Technology Assessment, 1995




Chapter 4  Agriculture’s Broadening Environmental Priorities | 77

special problem for public water supplies thatlow-level, continuous exposure to nutrients and
draw from surface waters because conventionglesticides can harm aquatic plants and wildlife
water treatments cannot remove them. (10,64).

Wetlands are recognized best for their role as The adoption of so-called best management
wildlife habitat, but they also function as surfacepractices (BMPs) can reduce nitrate and pesticides
waters, acting as a sink and filter for agriculturalin surface water that degrade the quality of drink-
pollutants, and serving as flood storage and coring water and negatively affect wildlife that use
trol areas. The economic significance of these suwater resources. Technologies to reduce manure,
face waters extends beyond water quality and haggdiment, and chemical runoff have led to some-
been estimated in the billions of dollars for the rectimes dramatic improvements in surface water
reation, timber, and trapping benefits that theﬁua”ty, as case studies in several states show (87).
provide (42,92). Today, about 5 percent of theiowever, widespread adoption of BMP’s may not
lower 48 states are comprised of wetlands fallingroduce rapid improvements in environmental
from about 10 percentin 1780 (21). Very little dataduality because interactions among _sons, surface
has been collected to describe the quality of wetvater, and groundwater may be difficult to man-
lands or their roles in attaining improved surface?d€ With BMP's alone. For example, the quality of
water quality, however. According to EPA, statedh® South Platte River in Colorado is strongly in-
(which are responsible for monitoring water qual-luénced by groundwater quality. It is estimated
ity and for monitoring wetlands conservation un-that’ even with pomplete e||m|nat|or_1 of all nitro-
der the Clean Water Act) have not yet adopted criden Igachlng, mtratg currently held in groundwa-
teria to evaluate wetlands quality and function,ter might enter the river for the next 25 years (54).
including water quality roles (123).

MCLs developed by EPA for use as drinking Groundwater Quality
water quality criteria, are often used as the benchFhere has been no comprehensive assessment of
mark for evaluating surface water quality. Overall,national groundwater quality, but accumulating
however, the effects of chronic, low-level expo-evidence from national and state studies is helping
sure to agrichemicals on human helitand on  to understand agriculture’s role. Monitoring has
wildlife have not been fully determined. The Na-confirmed that nitrate and agricultural pesticides
tional Cancer Institute and other organizationsare in groundwater in almost every state. Analyses
have reported correlations between significant exef hydrologic systems show that soil, surface wa-
posure to certain pesticides and cancer in humaner quality, and groundwater quality are inter-
(7,58). The relationship between elevated nitratéinked (124). Furthermore, the susceptibility of
levels in drinking water and methemoglobinemiagroundwater to agrichemical leaching is marked
(“blue baby syndrome”) has been clearly estabby significant variability across the nation, but
lished (47). The risk of cancer from exposure to niland use plays an important role.
trate has been less well-defined (11), although it For example, nitrate levels are much more like-
has been shown that N-nitroso compounds—ly to exceed drinking water standards in ground-
many of which cause cancer in laboratory aniwaters under cropland than under any other land
mals—are produced in the human digestive tractase. Monitoring and analyses of pesticides have
of people who ingest water-borne nitrate (56). Thaot yet revealed their roles in groundwater quality
evidence, although incomplete, also suggests than a comprehensive basis. However, a range of

11The range of acute (short-term) and chronic (long-term) health effects that might be investigated could include gastrointestinal or circula-
tory disorders, cancer, neurotoxicity, immune system dysfunction, genotoxicity, and endocrine disruption. See appendix 4-1 for potential health
effects of agricultural chemicals that guide EPA drinking water standards.
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Numerous state studies show that fertilizer residues and pes-
ticides do leach into aquifers. Hera, USDA researchers test
the effects of (different tilage practices on pesticide Mmove-
ment to groundwater. Because comprehensive monitoring of
national groundwater quality is not performed, overall trends

sampled drinking water wells across the country,
found detectable nitrate levels in 52 percent of
community wells and in 57 percent of rural do-
mestic wells. Less than 3 percent of detections ex-
ceeded the MCL for nitrate. Detectable pesticide
residues were found in 10 percent of community
wells and 4 percent of rural domestic wells. Fewer
than 1 percent of wells exceeded MCLs for pesti-
cides. From these results, EPA concluded that
groundwater quality was a local or regional rather
than national issue.

By contrast, groundwater studies conducted in
45 states, compiled as part of EPA’s Pesticides in
Groundwater Database (PGWDB), focused on
areas of intensive pesticide use (1 18). Historically,
the majority of such sampling has been targeted to
agricultural, rather than nonagricultural areas. As
a consequence of this sampling strategy, the
PGWDB reported a greater number of wells in
violation of pesticide MCLS than did the NPS. In-
deed, in its interpretation of the data, EPA cau-
tioned that these high pesticide concentrations
probably do not mirror statewide conditions be-
cause most studies sampled heavily in agricultural

in groundwater quality are unknown, and the extent of
groundwater degradation due to agriculture is uncertain.

areas where pesticides are used extensively. For
example, 11 percent of California wells and 27
pesticide concentrations have been found undepercent of New York wells sampled between 1971
cropland by individual studies, some in excess ofand 1991 contained pesticides in excess of federal
drinking water standards. drinking water standards or MCLs (118). Even
Evidence that agricultural pesticides and nutri- though agriculture is not the only source of pesti-
ents were reaching aquifers began to accumulateides in groundwater, many of the pesticides
in the . 1970s (box 4-2). By 1990, at least 46 pesti-found most often in state studies are used in agri-
cides had been detected in groundwater in 2@ultural production. These partial studies suggest
states, and nitrate contamination had becomiat agricultural areas may be at greater risk to
more prevalent (86,93). EPA's review of ground- groundwater contamination from pesticides.
water studies conducted from 1971 to 1991 in 45 Studies conducted by USGS confirm that high
states revealed that 132 pesticides or their breaknitrate concentrations are often found in aquifers
down products had been found. Of the 23 com-under agricultural areas (59). Nitrate levels in ex-
pounds detected most often, virtually all werecess of federal drinking water standards have been
associated with agriculture (118). More recently,detected in many aquifers. For example, along the
of 44 states that submitted reports to EPA in 1992South Platter River in Colorado, groundwater ni-
declaring that agriculture was a source of ground-rate levels have exceeded MCLs for 20 years,
water contamination, approximately one-thirdleading to impairment and, in some cases, aban-
ranked agricultural activity as the source of “high- donment, of public drinking water wells (54). In
est priority” contaminants (120). the Lower Susquehanna area of Pennsylvania, all
EPA’s National Survey of Pesticides in Drink- 38 wells with nitrate concentrations higher than
ing Water Wells (NPS) (117), which randomly the MCL were located in agricultural areas (54). In
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BOX 4-2: Agrichemicals in Groundwater Detection: Selected Cases

= Nitrate levels increased between 1974 and 1984 in the Central Platte River Valley, Nebraska (30)

= |n California, the nematocide DBCP was found in more than 2,000 wells in the San Joaquin valley and
was known to have contaminated groundwater for 7,000 square miles. Between the late 1970s and
mid-1980s, more than 50 pesticides were found in the groundwater of 23 California counties (45)."

= Several pesticides associated with potato crops, Including aldicarb, were confirmed in the groundwater
underlying Suffolk County, Long Island, in 1979-80 (45) °

* Between 1982 and 1983, state officials in Wisconsin detected 12 pesticides in the state’s groundwater,’
and developed a monitoring priority list of 45 pesticides determined to be most susceptible to leaching
(45)

* In Florida, extensive and highly concentrated presence of aldicarb and EDB, and Isolated, low-con-
centration cases of silvex and lindane in state groundwater were confirmed in 1982-83 (45).

s Pesticide residues have been detected in 33 percent of over 700 wells tested in lowa and 39 percent
of over 500 wells in Minnesota (1 30).

= |In 1985, 84 of more than 430 National Wildlife Refuges were threatened by groundwater and surface
water contaminants, 35 from agricultural causes (1 30).

» Between 1986 and 1988, elevated concentrations of nitrate, atrazine, and Indicator minerals related to
agricultural activites were detected on the Delmarva Peninsula of Delaware, Maryland, and Virginia
(41)

'The presence of a host of agricultural pesticides were confirmed through monitoring, a partial list includes 1,2-dibromethane
(EDB), 1,2-/1,3-dichloropropane (D-D), simazine, atrazine, carbofuran, DDT and its associates, 2-4-D,Endosulfan, Dinoseb (DNBP)

and lindane---all in more limited cases and/or at much lower concentrations than DBCP (45).
“aldicarb, carbofuran, chlorothalomil, dacthal, dinoseb, oxamyl, D-D, EDB

*alachlor, metolachlor, aldicarb, dinoseb, atrazine, butylate, eptam, cyanizine, carbofuran, chloramben, DCPA, and metribuzin.
Most detects were for aldicarb, followed by atrazine, alachlor, and metoachlor.

aregiona study of 12 Midwestern states,”Kol-
pin et a. (51) found that 29 percent of samples
contained elevated nitrate levels and 6 percent
were equal to or greater than the MCL. Sampling
at 12,000 sites revealed that groundwater under
agricultural croplands exceeds EPA drinking wa-
ter standards (MCLs) for nitrate 16 percent of the
time versus 6 percent or less for groundwater un-
der land in other uses (59).

Efforts have been made to determine what
conditions lower or raise the potential for contam-
inants to leach into underground aquifers in differ-
ent regions of the country. Mueller et a. (59) noted
that groundwater in certain agricultural regions—
parts of the Northeast, Midwest, and West
Coast—are more vulnerable to nitrate leaching
because the soil in these areas does not hold water
and nutrients easily, and because fertilizers and ir-

rigation are used more extensively in these re-
gions than elsewhere. In general, shallow aquifers
(within 100 to 150 feet of the land surface) are
most susceptible to nutrient leaching. Kellogg et
al. (49) estimated that the areas where groundwa-
ter was most vulnerable to pesticide leaching were
the Corn Belt, Southeast, and Lake states.
Groundwater in the Northern and Southern Plains,
they posited, might be most vulnerable to nitrate
leaching.

The actual pattern of groundwater contamina-
tion may be somewhat more variable than vulner-
ability models predict because of the diversity
within and among watersheds of a given region.
For example, even though fertilizers are used ex-
tensively in the Corn Belt, little nitrate appears in
the region’ s groundwater—which suggests that a
subsurface geological barrier that prevents

“Illinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin.
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agrichemicals from leaching into groundwater ex-cals that degrade quickly in soil are often much
ists in the region (49,59). However, other areas afnore stable in chemical conditions that are typical
the Midwest, including lowa and Wisconsin, haveof aquifers. Technological reinforcement of land
different soils and geology, and the groundwatense changes may not be sufficient to reverse con-
in them is highly vulnerable to leaching of atra-tamination, either. A 1994 report by the National
zine, other pesticides, and nitrate. Mueller et alResearch Council (NRC) noted that it may be im-
(59) note that in areas where they cannot infiltrat@possible to remove agricultural contaminants
groundwater, agrichemicals may be diverted tdrom groundwater with current clean-up technolo-
surface waters in runoff rather than fully used bygies. Even when it is feasible, remediation re-
crops, held in the soil, or degraded. A notable exmains very complex and potentially ineffective
ception to this pattern occurs in the Southeastyhile well replacement is often prohibitively cost-
where both surface water and groundwater sholy (66). Because approximately 50 percent of all
very little leaching of agrichemicals. A combina- U.S. residents and at least 95 percent of rural resi-
tion of poorly drained soils, interspersal of agri-dents (a total of 130 million people) get their
cultural land with forests and wetlands, and highdrinking water from groundwater aquifers (59),
levels of soil organic matter that sequester chemihe potential risk associated with groundwater
cals and accelerate their degradation may be thguality problems could be widespread.
reason (54).

Increasingly, states have used fertilizer reducwildlife Habitat
tion programs or restricted the use of leaching peBecause U.S. agriculture covers such a vast land
ticides in efforts to help clean up groundwater thabrea—as much as one-half of the nation’s cotermi-
clearly exceeds state or EPA drinking water stannous land base—its effects on the quantity and
dards. However, these state efforts demonstratguality of habitat and on the rate of species disap-
the difficulty of getting agricultural contaminants pearance are the subject of some contefvail-
out of groundwater. On Long Island, researcherable research suggests that patterns of agricultural
expected aldicarb residues in aquifers to decomand use, the degree of diversity in crops and ani-
pose according to a half-life of three years. Howmals produced, and the amount and kinds of
ever, aldicarb proved to be stable in aquifers, and ghemicals used largely determine how agriculture
is now predicted that aldicarb levels will exceedaffects wildlife habitat both on and off the farm.
the state safety guideline of 7 ppb for decades (45Field studies show that trends over the last de-
Similarly, although a rigorous program of nitrate cades—especially in areas where crops are culti-
management in the Central Platte of Nebraska hagted intensively—have reduced both the quanti-
resulted in measurable improvement in locaky and quality of regional natural habitat. At the
groundwater nitrate levels, land use changes alon®tional level, agricultural development is the
are unlikely to reduce nitrate levels to drinkingmost frequent cause of habitat alteration or loss
water standards within the lifetimes of those curand the most prominent reason for endangerment
rently farming because of the long residence timamong all species, especially mammals and am-
of groundwater in aquifers. phibians (32). Grazing is also a significant cause

Changes in how land is used may not be enoughf endangerment, particularly affecting plants in
to improve groundwater quality, because chemicertain regions (32). In total, the status of more

13 some scientists estimate that at the present, extremely rapid rate of species loss, two-thirds of all living species, worldwide, could be
extinct by the end of the next century (73). This has promoted interest in evaluating the status of species in the United States.
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than one-third of al species listed as threatened or
endangered has been linked to agriculture. 14
Land (terrestrial) habitats are eliminated, de-
graded, or fragmented when forests are cleared,
wetlands are drained, and grasslands are culti-
vated. New kinds of vegetation may be estab-
lished in place of native species. While some wild-
life species are attracted to and thrive in the highly
modified, frequently fragmented habitats that re-
sult, others are not. The range of the red fox, for
example, expanded westward as a result of agri-
cultural development. For ground nesting birds,
on the other hand, which require large tracts of
grasslands, islands of nesting cover interspersed
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FIGURE 4-2: Dynamics between Trends in Land Use and Wildife Habitat in Agricultural Areas
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with cropland have increased their exposure to
predators (3,125).

Once land has been allocated to farming, the
types of practices put in place can either enhance
or further reduce the compatibility between pro-
duction and habitat protection. Agricultural land
use trends dominated by large, contiguous fields;
cultivation of only one or two crops; and elimina-
tion of native tree stands, grassland corridors, and
long-term nesting cover play akey rolein reduc-
ing the amount of terrestrial habitat for many
birds, mammals, insects, and plants (figure 4-2).
Miles of water (aguatic) habitat are reduced, and
the remaining habitat degraded, by straightening
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Over the last four decades, farm fields have gotten bigger, crop diversity has declined, mixed crop/livestock farms are less common, natural stream
flows have been altered, native plants have been removed from field edges and stream banks, and mechanical and chemical inputs have intensified
While some wildlife have thrived in the new farm landscapes, many have declined.

SOURCE: Office of Technology Assessment, 1995 Assistance provided by Dale Crawford, National Biological Service, Fort Collins, Colorado.

¥In 1989,45 percent of federally listed Endangered and Threatened species were associated with some form of agriculture (113). In 1994,

38 percent of species listings were related to agriculture (32). The decline in percent does not necessarily infer improvement. as the number of
listed species has increased. Also, these statistics were developed separately, not as part of continuous study.
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streams (channelization) to support field drainagdike rabbits. white-tailed deer, robins, and cow-
and irrigation. Nearly 22,000 miles of streams in birds, underlying changes in species abundance
Minnesota have been lost due to channelizatiorand diversity brought about by agricultural devel-
(70). Eliminating vegetation from stream banks oropment may not be obvious to the casual observer.
altering in-stream water flows (through flood con-  Because they are inherently more complex than
trol, for example) can further reduce the quality ofcropland and generally involve less intensive cul-
aquatic habitats. The result of these trends hasvation, rangeland regimes in the West and South-
been a reduction in species abundance and diverswest can be relatively more compatible with na-
ty, particularly in certain regions (3 1,70,1 25).  tive habitat uses. However, technologies for
Studies of avian populations east of the Missis-maintaining native grasses on semiarid and arid
sippi River found that the total number of bird spe- rangelands are lacking, and the introduction of
cies has declined as forests have been convertatbn-indigenous plant species to improve grazing
into intensive cropland. Moreover, among theconditions or to control pests has caused critical
species that remain in the cropland setting, thedeclines in animals, insects, and plants that are
populations of some birds—such as red-wingedunique to these areas (77,95). Grazing in riparian
blackbirds and house sparrows-have increasedreas, especially in the Southwest, California and
while the populations of other birds that were oncethe Northwest, has increased sedimentation in
dominant have declined (9). some streams, covering spawning sites, clogging
In the eastern Great Plains region and uppefish gills, and elevating water temperature.
Midwest, the conversion of 30 to 99.9 percent of Since the 1970s, appreciation for the unique
native prairie, much of it to intensive crop produc- function of wetlands as wildlife habitat has
tion, represents the largest reduction of any Nortlgrown. As a specialized form of surface water,
American ecosystem (78). This conversion haswetlands provide seasonal or permanent habitats
caused sharp declines in the populations of manyor one-third of the nation’s endangered and
wildlife species that have historically dependedthreatened species and sustain 75 percent of com-
on that habitat, and grassland birds are decliningnercially landed fish and shellfish (42,92). The
faster than any other group of species in North
America (78). At least 55 grassland species in th
United States are listed as threatened or enda
gered, 728 more may soon be listed, and severab—~———— e e e
species indigenous to the Great Plains such as thf—._-_—_,—_—E.__—g
Audubon bighorn sheep and plains wolf are no%
extinct (78) e e o - - _
Trends in certain (‘keystone”) species may m-“—.‘:—' ]
dicate the viability of other species that are depen™==—==
dent on them for habitat or food. As an exampleﬁ__..
the loss of 98 percent of the prairie dog populatlon%
in the Great Plains has been correlated to declincEmis. = = = —————

TIPS M1 T DL

in the populations of dependent species, includin
the black-footed ferret, swift fox, ferruginous-_ _-_

hawk, and mountain plover (55 78) Similarly, them
populations of “indicator species,” used to asses
farmland habitat quality for all nongame species

The prairie  pothole region of the Great Plains remains a

in 14 Midwestern States deC”ned Signiﬁcantlyumque example of natural wetland/grassland habitat in an
(24 to 96 percent) between the 1950s and lat@etensive agricultural region. An important hub of the Central

1970s (31) HOWGVGI’ because Crop CU|t|V&t|O lyway used by migratory birds, the pothole region s also the
reeding ground for more than half of all ducks native to

promotes the increase of certain “edge” specie8orth America.
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Prairie Pothole Region, about one-fourth of whichfarm. Multi-cropping systems increase diversity
lies in the Dakotas, produces 50 percent of Nortlof habitat structure and species richness (31,78).
America’s duck population (112). Prairie potholeField patterns that minimize fragmentation of
ecosystems also provide habitat for mammaldhabitat areas or that intentionally link habitat areas
such as deer, mink, and fox, and are thought tthrough landscape corridors can greatly benefit
play a critical role in maintaining plant diversity wildlife. Wetlands are being restored on farms in
(112). Wetland losses due to agricultural converseveral states. Land set-asides, such as those
sion have declined considerably since the 1950greated by the Conservation Reserve Program
and an increasing number of farmers are exploringCRP), can improve long-term grassland cover.
the potential for compatibility between cultivat- Declining populations of pheasants, migratory
ing crops and restoring wetlands on suitable partwaterfowl, and grassland birds have made dramat-
of their fields. ic reversals on lands (48,61). Changes inirrigation
The extent to which normal use of agriculturalwater use are also being used to enhance aquatic
chemicals affects wildlife species is not fully un- habitat (box 4-3).
derstood, but a range of direct and indirect effects Innovative applications of agricultural technol-
on terrestrial species have been documented (33)gies may also make farming more compatible
EPA estimated that in the 1980s, one to two milwith wildlife habitats. In California, post-harvest
lion birds died every year from exposure to theflooding and cage-rolling of rice straw is provid-
pesticide carbofuran (113). The U.S. Fish andng seasonal wetlands for migratory waterbirds.
Wildlife Service (FWS) determined that nearly 20 This innovation is an alternative to rice straw
percent of species that became endangered BHrning, which will be banned by the year 2000
threatened in 1988 had been adversely affected g 7)- Some farmers are exploring the relationship
pesticides (113). Pesticides can reduce insects thagtween various commodity crop mixes and bird
provide food for birds and other animals, an effecf'@Pitats (111). Various techniques to reduce
that is associated with declining populations offdrichemical use, create riparian buffers to keep
the bobwhite quail (3). runoff out of surface waters, and plant grassland

As noted previously, aquatic life can be harmed?d9€s alongside fields (to provide habitat) are be-
by nutrients carried in runoff to surface waters.Nd investigated. Such technologies, used in tan-
Eutrophication reduces dissolved oxygen and/€M With new land use patterns, point to cases in
may release toxins into the aquatic habitat. In ad¥hich it may be possible to enhance both agricul-
dition, herbicides in the aquatic environment carfura! productivity and wildlife habitat.
diminish the food supply for fish and other herbi- _ _ _
vores. Chronic, low-level concentrations of bothS0il Quality and Soil Erosion
herbicides and insecticides in surface water hav&he rate of soil erosion is often used as a bench-
been linked to reproductive failure and developmark of soil quality, but it is only one indicator.
mental abnormalities in fish and other aquatic or-1 he term “soil quality” covers physical, chemical,
ganisms (10,64). Some pesticides that becoménd blolog'lcal elements, mpludlng mlcr_oplal dgn-
concentrated in animal tissue (“bioaccumulate”)ity, Organic content, electrical conductivity, acid-
as they move through the food chain to predatorify: Structure, chemical contamination, and in-
birds and mammals may have long-ranging an Itration rate, in addl_tlon to smell, color, and_
pervasive negative effects on both aquatic and tef€xture (26). Soil quality can also be assessed in
restrial habitat quality, and particularly on sensi-terms of the soil’s capacity to perform productive
tive species (10). and envwc_mmental roles. _In thls_ regard, there are

Changes in some farming practices and fieldhree key indicators of soil quality:
patterns can reverse the decline of many species productive capacity (the capacity to promote
and enhance wildlife habitat both on and off the the growth of plants);
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BOX 4-3: California’s Central Valley Improvement Project to Restore Habitat

In response to Increased pressure to safeguard the environment, the federal government and the
California State Water Resources Board have taken actions in a prime agricultural area to protect water
for fish and wildlife (126) Under the new federal law (P.L. 102-575), about 15 percent of the Bureau of
Reclamation’s Central Valley Project water normally available to agriculture is reserved for flow require-
ments for fish and wildlife propagation and restoration, During years of normal precipitation, this reser-
vation level would not significantly affect agriculture However, in years of low precipitation, water avail-
able to farms would be reduced accordingly, In effect, the project’'s drought buffer goes to fish and
wildlife rather than to farmers

The California State Water Resources Board actions were taken to improve water quality in the Sac-
ramento-San Joaquin Delta Estuary They include measures to make more water available during fish
migrations and fees on irrigation districts to finance wildlife habitat and urban conservation measures
What are the possible implications for California’s lucrative agricultural trade sector if the scheme is fully
Implemented? According to a study by the U.S. International Trade Commission, agricultural production
and exports will not decrease significantly in the long term, but the composition of those exports will
change to include more crops such as fruits and vegetables, and/or crops that use less water (1 26) On
December 15, 1995, the state of California and the federal government signed an agreement resolving
the particular elements of how to Implement the new law—a complicated process because multiple
environmental statutes and several political jurisdictions were involved.

The final details will be worked out by state and local officials, but it appears that farmers will face
the greatest annual costs, and cities will have less water in dry years, while commercial and recreation-
al Interests stand to gain (20) The process of reaching a consensus water quality plan involving multi-
ple, fractious parties with large stakes at risk was considered a future model for such negotiations.

SOURCE: Office of Technology Assessment, 1995

= ecosystemic function (the ability to regulate in-
filtration and surface movement of water with-
in awatershed); and

= environmental function (the ability to act as a
buffer for water and air quality by sequestering
and degrading carbon, agricultural chemicals,
and organic wastes).

clined significantly over the past four decades.
The average water erosion rate has fallen approxi-
mately 50 percent, from six to about three tons per
acre, and the wind erosion rate has declined about
one-third, from about nine to six tons per acre be-
tween 1945 and 1992 (50). Between 1982 and
1992, National Resources Inventory (NRI) data

Despite the intuitive appeal of the soil quality con-
cept, it remains immature and therefore compre-
hensive data or assessments are not at hand (64).
Soil erosion is only one element of the broader
soil quality concept, but it is the only element with
extensive data. Despite some questions about the
reliability of historical data,”national estimates
reveal that aggregate cropland erosion has de-

show decreases in water and wind erosion of 22
percent on cultivated land (71). Reduced erosion
on all U.S. cropland saved nearly one hillion tons
of soil in the past decade (25).

Marked differences in soil erosion are apparent
when data are examined regionally. Between 1982
and 1992, erosion declined the most in the North-
ern Plains (31.7 percent), followed by the Mid-

*The accuracy of erosion control statistics is complicated by different sampling and measurement methods. Data are marginally more

consistent than they were when the National Resources Inventory was instituted in 1977, but comparisons overtime should be made cautiously.
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crop production after their contracts expire.

The effect of management changes on erosion
can be estimated by isolating acreage that re-
mained in cultivation between 1982 and 1992.
NRI data suggest that erosion rates on land contin-

s B S B erosion may heavily reflect the idling of acres

— TIEEER B B (more than one-third of the country’s most erod-
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. LN Sy &Y ible land) in the Conservation Reserve Program
k T ... i
B R — =£ (CRP) (25). Figure 4-3 portrays the patterns of
| . "S@N  cropland vuinerable to long-term productivity de-
. ™ - il " clines due to water and wind erosion. The acreage
i N s iag i i

% _—_:= categories include those croplands estimated to be
S | MR ANt ™M croding above levels that can sustain long-term
[ el i DRI e S - W 6 -
S i GEEDELIs s~ .am Productivity, termed the “T" level plus the highly
B & YRS " 3 crodible lands currently enrolled in the Conserva-
. \ W o tion Reserve Program (CRP) that could return to
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Soil quality depends on more than the rate of erosion. Color uously planted with crops declined by 1.6 tons per
texture, organic content, electrical conductivity microbial acre between 1982 and 1992 a f|nd|ng WhiCh SUg-
populations, acidity porosity and concentration of toxic sub- L .

stances are some of the many other characteristics that de- gests that farmers were using more effective con-
termine - the - qually - of ol servation practices over that decade (25,64,71).
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west (21 percent), Southern Plains (14.8 percent]jis i e = s o

and the Mountain region (7.4 percent) (25). Watel@sm==aaes s
and wind erosion patterns varied within those regggs s e

gions, depending on which crops were plante e Jess
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For instance, soil erosion due to water |n_<:reaseF___;_T;'__;_-:_;.=.__-E.r_ o BN
on all cultivated land in the Southern Plains, om™ s . =7  "Was " L ke ¢t

soybean acreage in the Northern Plains, and onwe— .5 - .
cotton acreage in the Mountain region. Soil ero * S EEER A=l o "W
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sion due to wind increased on wheat and Soybe - R L z
acreage in the Midwest, and on wheat acreage R THars. Lo Bt o e
the Mountain region (25). Furthermore, the 199% ?‘Hﬁ:’

NRI data reveal substantial variation in soil ero-gry N ._'4, :
sion trends within regions (50). ‘ | ;tm' :

> A . s 5
Even though these statistics suggest overall imessssss = @as = L5 Sam——m = = 0 =
provement, they do not describe remaining €I'0A shift in technology away from “clean-tilling” and toward crop

sion problems and do not distinguish the in_residue management has been a key factor in reducing both
! soil and water runoff from fields. While reduced tilage may

ﬂUence Of management from |andS Of Val’ying not yield environmental benefits under all conditions, studies
erOdlblhty moving into and out Of production indicate  that it generally improves soil and surface water

quality Its effects on groundwater and wildliife are not fully

(71). Indeed, the most recent aggregate declines inderstood.

“The tolerance, or "T," level is set by the SCS and approximates the maximum target erosion level above which unacceptable on-site deg-
radation is believed to occur. The accuracy and usefulness of T levels is somewhat controversial.
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The severity of soil erosion depends on a combination of inherent soil characteristics, climatic factors, and land management. The number of acres
now eroding over the level that leads to long-term productivity losses, the “T" level, plus the number of CRP acres with the potential to erode at a
rate over T if retumed to crop production, comprisas the total wvulnerability of U.S. cropland to erosion-mduced declines in productivity

SOURCE: OTA, 1995. Compiled from data provided by Tim Oshom, Agricultural Economist, USDA/ERS, personal communication, 1995, J. Jeffrey
Goebal, "Estimated Average Annual Sheet and Rill and Wind Erosion In Relation to T-Value of 1992 Cropland," US. Department of Agriculture, Natural
Resources ~ Conservation — Service, — 1995.

Although farmers used conservation tillage more Rangelands pose special soil quality problems.
during the past decadghey may also have en- Box (8) suggests that rangeland productivity on
gaged in more contouring and strip croppingprivate and public lands has generally improved
constructed terraces and grass waterways to con-  since the Taylor Grazing Act of 1934. In 1982,
trol erosion, and shifted their crop rotations. more than 33 percent of rangelands were judged to

"Box 2-1 of Chapter 2 defines conservation tillage. Dicks (25) notes that between 1983 and 1991, the acreage under no-till management
increased from 8.6 million (2 percent of the total crop base) to 24 million; however, no correlation has been made between the option of no-till and
highly erodible land. He suggests that although conservation tillage by definition should produce conservatiemsewatien is likely not
the most important inducement for adoption. Pierce and Nowak (71) conclude from analysis of 1992 NRI data that conaervation tillage acreage
declined between 1982 and 1992, and that adoption is not highly correlated with the most highly erodible acres. These findings conflict with
official USDA estimates reported in chapter 2, but an explanation for the conflict is lacking.
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be in “excellent or good condition” (22). How- allow farmers to directly gauge the impacts of
ever, the 1982 and 1987 NRI showed that 19 petheir farming practices on soil quality.

cent of acreage (76 million acres) eroded over the

rangelands suffer from higher wind erosion rates Science

than land used for other purposes, and that few im- . .
provements have been observed since 1982 (25 hereis avast dlfference between the p_ercenta_tges
Ruyle (77) notes that rangelands are inherent| f USDA research monies devoted to increasing

vulnerable to erosion, and explains that poor mar‘agricultural productior_l (histor_ically more _than 60
agement can exacerbate the problem percent) and addressing environmental issues re-

Erosion indicators are mostly measures of soi‘ated to agriculture (historically about 10 percent).

guantity and cannot convey comprehensive soiThiS relative lack of fed_era_ll support for_agroe_nvi-
quality conditions. But historical trends in erosionronmental research will limit the quality of in-

may suggest he changes n overal sl manag 21107 Avelateto versiy scentst oxen.
ment which, in turn, influence soil quality (64). 9 ’ prog gers,

. . agribusiness, farm consultants, farmers, and envi-
The level of correlation between erosion trends . . X
) . ) ronmentalists. Knowledge of unique regional
and soil quality remains unclear. Moreover, con-___ . . : ;
: : : ._agricultural, socioeconomic, and environmental
servation practices designed to reduce erosiof, N i . .
) ) characteristics is also critical to devising effective

may or may not improve overall environmental

. o : : olicies—both in terms of production and envi-
quality. Conservation tillage is a prominent exam-p P

le. C tion till h the biologi Ironmental enhancement—in agricultural regions.
pe. -onservation tilage changes he biologica Incomplete information may lead to agroenviron-
physical, and chemical properties of sail, but th

Cmental policies that are poorly targeted and unnec-

balar_me betwee_n benefrFs and risks IS not _tOta”\éssarin costly to the private and public sectors.
predictable. In field studies, conservation tillage Expanded monitoring alone is unlikely to fill

has _been linked to benefici_al sequestering of cag o gaps in knowledge, because the nature of
bon in the upper layer of soil, which helps prevent, oy agricultural interactions with environmen-
loss of ozone-depleting gases; to improving wild+,) resources remains poorly understood. (See box
life habitat by reducing mechanical disturbance of4_4.) Indeed, more monitoring without better sci-
ground nesting sites; to retention of bulk organiGnce to guide the monitoring will likely be ineffi-
matter, which aids water retention and infiltrationjent. As noted above, the significance of many
as well as promotes microbial life; and to reduce%grichemicals for water or soil quality and, conse-
erosion and water runoff. The long-term environ-qyently, for biological health, is still under inves-
mental effects of conservation tillage are still UN+igation, and the significance of habitat modifica-
der investigation. Some conclude it will . . . con- tion and destruction brought about by intensive
tribute to a net decrease in total potential wategy|tivation remains a topic of debate. The role of
quality degradation (104).” However, there is conagriculture in the functioning of specialized or
flicting evidence on the effects of conservationrgre ecosystems, such as wetlands, has not been
tillage on groundwater quality (28,40). Perhapsextensively examined. The need, then, is not just
the most important result of studies to date is thafor more research, but for more sophisticated
the benefits associated with conservation tillagegroenvironmental science. Three areas in partic-
have not occurred universally. As with all technol-ular (derived from the analyses of this chapter and
ogies, its applicability varies depending on site-corroborated by recommendations of the National
specific hydrogeological and soil characteristics Academy of Sciences (64,65) must be explored:
cultivation practices, and the management skillshe functioning of environmental and farming sys-
of the farm producer. Several initiatives are undetems and their interrelationships, the spatial envi-
way to develop techniques for evaluation that mayonmental conditions that flow from these rela-
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BOX 4-4: Who Answers Key Scientific Questions on Water Quality?

Water resources—surface water and groundwater—have been studied for decades, and yet national
trends in the condition of this important resource have never been evaluated systematically. At the state
level, water quality assessments are performed every two years (as stipulated by the Clean Water Act
(CWA), but they do not represent a coherent strategy to monitor the conditions and implications of na-
tional water quality. As a result of current research and monitoring, questions remain about the extent of
agricultural contamination and about its significance for aquatic habitat, for the availability of safe drink-
ing water, for agricultural production, and for recreation. As noted in this chapter, water safety standards
adopted by the EPA reflect that the implications of poor water quality remain only partially known. What
don't we know about water quality? Why don't we know? Who should be asking researchers to fill in the
missing answers?

Researchers have found that agricultural herbicides, insecticides, and nitrogen fertilizer residues are
prevalent in rivers, streams, lakes and reservoirs in regions where they are used. Furthermore, some of
these agricultural chemicals, notably herbicides, have been found to degrade more slowly in water than
they do in soil. This stability in water, combined with the natural movement and linkages among surface
waters and between surface water and groundwater, result in the capability of agricultural pollutants to
migrate great distances, affecting water quality hundreds of miles from their point of origin. Such find-
ings raise a number of questions for agricultural producers, consumers and policymakers:

* How long do agrichemicals remain in regional surface waters and at what concentrations?

* What conditions affect the speed at which these chemicals degrade? Can technology help?

* How far can agrichemicals go in water systems? Are they ultimately stored, degraded, or transported
indefinitely?

* Do commonly found levels of agrichemicals affect the ability of water to support plants and wildlife?

= How many people, nationwide, are exposed to agrichemicals in excess of safe drinking water levels?

What effects on human health can emerge from regularly swimming in or drinking low-dosage mixtures

of many herbicides, Insecticides, and fertilizer residues?

While some of these questions have been asked in some studies, a focus on the links between water
systems, conditions, and implications has not been emphasized in most large-scale studies of water
quality. A research agenda that focuses on conditions without supplying a context of understanding for
environmental or health implications makes it very difficult for such research to be meaningful in the
policy process. By the same token, a policy agenda that remains disengaged from the research agen-
da Increases the risks that relevant questions will remain unanswered.

The best example of the inadequacies of current research and monitoring of the nation’s water re-
sources may be state water quality reports submitted to EPA under section 305(b) of the CWA. These
data form the basis of EPA’'s biannual Water Quality Inventory report submitted to Congress, they are
frequently cited in research reports about national water quality; and they remain the most comprehen-
sive national monitoring effort to date. Because of the way studies are conducted, however, they may
not accurately reflect national trends. For instance, 305(b) evaluations only include a fraction of river-
ways, lakes, estuaries and coastlines (see table 4-1 ), but the evaluations performed need not represent
a scientific sample. From year to year, and state to state, evaluations are not required to follow consis-
tent protocols or result in trend information. Thus, the CWA process has produced 20 years of data that
add up to an incomplete and even incompatible set of answers.

SOURCE Off Ice of Technology Assessment, 1995

I
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tionships, and the dynamic implications of thesephisticated science than past efforts to help devel-
conditions for environmental health. op programs that meet environmental goals while
Analyses have underscored the importance ahaintaining farm profits and U.S. competitive-
understanding how agricultural systems interachess in international agricultural markets.
with environmental systems (64,93). An agroeco-
system approach parallels a shiftin emphasis frolREDERAL CONSERVATION AND
on-farm, on-site environmental concerns to link-ENVIRONMENTAL PROGRAMS
ing on-site practices with off-site conditions and,gjnce the early 1970s, public pressure has pro-
indeed, with the total agroenvironmental systemgressively expanded the mandate of both tradi-
The fundamental research questions are nQjonal farm legislation and general environmental
whether interaction between agricultural and engayws to go beyond boosting agricultural produc-
vironmental systems occurs, but how it 0CCurs. tjyity to promoting environmental health. As pro-
The geographical diversity of environmental grams to manage the environmental side effects of
conditions and regional variations in agriculturalagricultural practices have expanded, traditional
production make a better understanding of geossojl and water conservation programs have de-
patial relationships crucial. Inadequate spatial inclined, relatively speaking. These developments
formation precludes better targeting of progranyeflected a growing recognition of farmings’ ef-
responses. For example, as Mueller et al. (59) arfdcts on environmental quality not captured by
Smith et al. (83) illustrate in their research, effecmarket prices, and rising concern about the long-
tive targeting of water quality policies would en- term sustainability of production (17).
tail: a good understanding of regional vulnerabil- Depending on the definition of a program, there
ity to agrichemical leaching and sediment erosionare at least 35 separate USDA programs for con-
and monitoring data that describe actual wateservation and environmental purposes, including
quality conditions. about 12 for research and data gathering (appen-
A critical dimension of farm and environmen- dix 4-2). At least another 20 are administered by
tal systems is the way they interact over timeother agencies, including EPA, the Department of
These long-term dynamics provide a link to un-Interior, the U.S. Army Corps of Engineers, and
derstanding long-term implications for agroenvi-the National Oceanic and Atmospheric Agency
ronmental health. The stress, response, adaptéppendix 4-2). Estimated public expenditures for
tion, and recovery or extinction processes that arall programs are $6.5 billion for 1995 (104).
integral to ecological resources take place often The large number of programs raises questions
over long periods of time, as mentioned withof overlap, conflict, coordination, and mixed in-
groundwater pollution and rehabilitation. centives to farmers and ranchers, but a compre-
Many traditional soil and water conservationhensive program analysis has not been conducted,
programs have been implemented over past deven within USDA. Opportunities for reconfigur-
cades without precise understanding of these sy#ig and targeting the programs—to clarify the sig-
tems, conditions, and environmeritaplications.  nals and incentives they give to farmers, agribusi-
However, as population and production pressuresess, legislators, and environmentalists and to
places more stress on environmental resources,dave budget expense—may exist. Possible policy
is not at all clear that general guidance can sufficaptions for restructuring program approaches are
The diffuse and diverse nature of agricultural runexplored in the last chapter. Diagnosing the nature
off, which has impeded progress on nonpoint waef private incentives to adopt agroenvironmental
ter pollution for 20 years, is unlikely to be re- practices is a key principle to be used in any re-
solved without much more sophisticatedstructuring (5).
understanding of the problem than currently ex- Three general types of federal policy ap-
ists. In particular, such problems require more soproaches to soil conservation, water quality, and
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wildlife habitat issues are discussed in this secfunding, and have a broader scope, than other
tion. Voluntary efforts aided by education, techni-kinds of conservation and environmental pro-
cal assistance, and subsidy programs have begnams!8 Education and technical assistance and
the predominant approach to environmental mansubsidies for conservation practice cost-sharing or
agement in agriculture. As illustrations, the domi-for land rental and easement payments have often
nant soil conservation programs are examined ibeen operated together. Thus they are examined as
detail. Environmental compliance schemespne category here. In situations where conserva-
which are integrally linked to farm commodity tion-oriented technologies do not offer cost sav-
programs and supply programs, are discusse@igs or other private benefits, education and tech-
next, followed by an assessment of regulatory apaical assistance are likely to be ineffective without
proaches. The objective of the assessment is to regbsidies.

view the performance of the three program ap- Estimated annual expenditures for USDA con-
proaches and identify strengths and weaknessegrvation and environmental programs total just
for application to agriculture’s broadening envi-under $3.6 billion for 1994, although that figure is
ronmental agenda. In the chapter’s final sectionprojected to fall to about $3.1 billion in 1995 (ap-
we discuss the potential of technology researcfendix 4-3). With the primary exception of techni-
and development aimed specifically at enhancingal assistance and administration for compliance
agriculture’s environmental performance whileschemes detailed in the 1985 farm bill, those mon-
simultaneously maintaining profitability. These jes fund VETAS programs. More than 50 percent,
“complementary technologies” have not receivechimost $1.8 billion of the total, will pay for land
program emphasis, but hold the potential to bringhat is set aside in 1995 under the CRP, plus the
private incentives into closer correspondence witly/ater Bank and Wetland Reserve programs. Most

public environmental objectives. of these land “rentals” by the government are
scheduled to end sometime between 1996 and

[ Voluntary Education, Technical 2005. The largest share of the remaining $1 billion
Assistance, and Subsidy Programs will pay for technical assistance, extension ser-

A multitude of past and present USDA conservavices, and administration, followed by public
tion and environmental programs are compriseavorks projects such as emergency watershed
of either voluntary education, technical assistrotection, which helps flood recovery efforts.
ance, and/or subsidy (VETAS) elements. Theséess than $100 million is slated to install cost-
kinds of programs have historically received moresharing practices under the Agricultural Con-

18The Natural Resources Conservation Service (NRCS), formerly the Soil Conservation Service (SCS), provides farmers with education
and technical assistance. Typical education/assistance efforts include laying out erosion control practices such as terraces, and providing in-
formation about conservation crop rotations, tillage options, and wildlife habitat. The Extension Service also provides conservation education
and technical assistance, sometimes in cooperation with the NRCS and sometimes separately, depending on the state and the project.

Several programs distribute subsidies. The Agricultural Conservation Program (ACP), begun in the 1930s and now operated under the Con-
solidated Farm Service Agency (CFSA), provides financial assistance in the form of cost-sharing to implement conservation practices. For ex-
ample, farmers are given a share of the expense of installing terraces (usually 50 percent or more) subject to CFSA eligibility requirements,
available funding, technical approval by NRCS, and approval by a local conservation board. Annual ACP payments are limited to $3,500 per
farm, which can effectively rule out large-scale projects in any year. Other programs using conservation practice cost-sharing monies include
the Great Plains Conservation Program, Emergency Conservation Program, CRP, Wetland Reserve Program (WRP), and the Colorado River
Salinity Control Program.

In addition to cost-sharing subsidies, rental and easement payments remove land from production temporarily or attach use restrictions for
conservation purposes. The CRP, approved in the 1985 farm bill, has set aside 36.4 million acres to control erosion and for other environmental
purposes. The maximum annual rental bill so far has been $1.8 billion. The WRP, though much smaller, protects wetlands through rental and
easement payments. Also, the Water Bank Program has rented land near water bodies for habitat and other purposes.



Chapter 4  Agriculture’s Broadening Environmental Priorities | 91

servation Program (ACP) in 1995—a drop of nearly Several evaluations have found that soil con-
50 percent from levels during the past decade. servation program expenditures could be redi-
Appendix 4-3 presents the expenditures forected and result in greater erosion control
each USDA conservation-related program from(100)1° In a 1974 study, USDA estimated that
1983 to 1995. Although there are at least 35 proeost-sharing used for conservation practices in the
grams, a large number of them have relatively lowGreat Plains Conservation Program (GPCP)
funding—a few large programs account for thecould help to further reduce wind and water ero-
majority of expenditures. Many programs weresion if those subsidies were used for more cost-ef-
authorized at higher levels, but actually receivedective erosion control practices (107). Another
little or no funding. A comprehensive review of all USDA study found that lands with erosion rates
the ETAS programs has not been conducted andvery near the so-called T level received nearly half
not possible here. Rather, the discussion focused ACP financial assistance (98). By implication,
on the largest program component—soil conthat half of the available program subsidies was
servation—and the largest single program withimot applied to land with severe erosion problems.
soil conservation—the CRP. These soil conserva- Evaluations by the General Accounting Office
tion programs, especially during the last decadg(GAO) of the technical and financial assistance
have also incorporated water quality objectivegprograms also concluded that improved targeting

and affected wildlife habitat. of program resources could lead to better control
of erosion (88,89). In a later evaluation, the SCS
Soil Conservation Programs found that 40 percent of its technical assistance

Federal soil conservation programs began in th¥/as applied to lands eroding under the T level
Great Depression, when farmers faced the conf408). In the same study, the SCS determined that
bined woes of a collapsing economy, drought, anéhe effectiveness of technical assistance was lower
massive erosion on their land. One program auyl areas targeted for erosion control, which im-
thorized work on soil erosion control as a meanglied that more intensive effort was needed to ac-
to reduce unemployment (72). To overcome legafOMplish erosion goals in those areas.

obstacles to paying income support to farmers for The 1977 GAO study also found that farms par-
restricting production, soil conservation pro-ticipating in the conservation programs did not
grams and farm income payments were joinedachieve erosion rates significantly lower than
Both programs have endured. “Despite the ‘Newthose on farms that did not participate. A county-
Deal’ intent of providing emergency relief, the level study similarly found that farmers with SCS
farm commodity programs and the soil conservaconservation plans did not achieve significantly
tion programs have continued with few modifica-greater erosion control than farmers without such
tions to the present” (4). plans (29).

19n the midst of these evaluations (1977), Congress passed the Soil and Water Resources Conservation Act (RCA), which directed USDA
to collect comprehensive resource data to assess the nature of conservation problems on private lands, evaluate conservation programs, and
construct a National Conservation Plan (NCP). The RCA established the National Resources Inventory (NRI), conducted in 1982, 1987, and
1992, which provides critical data for program evaluations and monitoring resource trends (110).
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Two principal findings emerge from these andgram resources went to lands eroding at a rate of
other evaluations. First, soil conservation educaless than five tons per acre, the study concluded
tion, technical assistance, and practice cost-shathat significant public benefits could be secured
ing have not been focused on the most sevetay redirecting program resources to the lands that
erosion problems or on delivering the most costwere eroding the most. ERS made five major rec-
effective practices. Second, voluntary educatiommmendations for program reform, which have
and technical assistance alone have not led to sighticipated policy developments to a substantial
nificant conservation benefits (60). By their na-degree:
ture, these information programs are most effecy target erosion control programs,

tive if they make operators aware of practices ang incjude offsite damage reduction as an erosion
technologies that offer cost savings or increased gntrol benefit

returns while S|multaneou§ly. red_ucilng_eroson—& base conservation incentives on public benefit,
the complementary or “win-win” situations. 4 estimate erosion control benefits and costs, and

These findings also likely apply to VETAS ap- 5, improve research and data for program evalua-
proaches to water quality and wildlife problems tjgn.

where insufficient targeting has occurred and

farmers face major practice costs. , )

Evaluations also suggest that cost sharing 0I?eneflts of 1977 and 1982 national surveys of nat-
subsidies are likely the most important determi.Ural resource conditions and a National Conserva-
nants in inducing farmers to adopt certain agroent-'on Plan, the 1985 farm bill authorized three ma-
vironmental practices (29,34). If conservationl2" €rosion control programs aimed directly at

benefits are to be realized in cases where farme[c%grzlt)i/rsrr?idlr?lleeliggizllggfoct:ri?ei\r/?riisrl:/;fglort
do not have private economic incentives, eithe gnly y

L : vulnerable land through voluntary 10- or 15-year
subsidies or some form of regulation must be .
employed. The other, longer term alternative is tocontracts, was the principal program.
develop profitable technologies that can be substi-
tuted for currently unprofitable technologies. ~ Conservation Reserve Program

In a comprehensive assessment following thélthough the achievements of the 1985 farm bill's
studies of the late 1970s and early 1980s, theonservation measures cannot be documented un-
USDA's Economic Research Service (ERS) pertil full implementation and evaluation of all ef-
formed the first nationwide benefit-cost assesstfects, several studies have assessed their prelimi-
ment of the ACP, Conservation Technical Assisthary performances. The CRP has been the subject
ance (CTA), and the GPCP (100). Estimatedfintense scrutiny because it represents the largest
erosion control benefits and reduced offsite damexpenditure of conservation funds, nearly $20 bil-
ages were compared with costs. A key finding: orion, and affects nearly 10 percent of U.S. crop-
average, the estimated benefits exceeded codend. Preliminary evaluations have arrived at two
only for land eroding at a rate of more than 15 tondasic conclusions: the program appears to gener-
per acre. Given that the programs were devotingte net economic benefits, mostly from environ-
most of their resources to lands eroding at a rate afiental improvements, but net governmental costs

less than 10 tons per acre, and nearly half of prare positive, implying a drain on the federal trea-

On the heels of these evaluations, and with the
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sury20 At this writing, a final economic judgment pen to CRP lands after the government stops rent-
cannot be made, because it is still not possible tmg them. Experience with the Soil Bank, an earli-
measure with precision the full physical and bio-er major long-term set-aside program in operation
logical effects and the dollar value of environmenfrom 1958 to 1972, shows that most (probably
tal benefits. two-thirds or more) of the idled land will again be
Regardless of such difficulties, one conclusiorused for producing crops and could trigger another
of CRP evaluations has been strong and virtuallyound of environmental problems—which in turn
unanimous: the early benefit-cost ratio could havavould increase the need for remedial programs.
been much higher with better environmental tar-
geing an more efective conrols on he PR3 Consenvation and Environmenta
(67.74). As a result of the 1990 farm bill, uspa _ compliance Programs _
changed CRP enroliment procedures to addredd'® compliance provisions of the 1985 farm bill
environmental priorities specified in the farm bill represent_a departure _from traditional agricultural
legislation. The changes included a rudimentarfgonservation and environmental programs. They
targeting scheme as well as a provision to holdvere, in fact, considered landmark legislation, be-
rental payments at or below market levels (67). cause they made farmers adhere to conservation
A regional study of the land enroliment pat- standards in return for their agricultural program
terns in California, Idaho, Oregon, and Washingbenefits, including commodity deficiency pay-
ton shows that the 1990 CRP was more successftflents. The compliance mechanisms were meant
in concentrating enrolliment of land in highly to help control erosion on existing cropland (con-
erodible counties than the 1985 version (129). Oservation compliance); they were also intended to
average, this change should produce more enviegulate farmers’ efforts to turn grasslands into
ronmental benefits, but detailed assessments ofopland (Sodbuster), and convert wetlands to
enrolliment patterns within the counties are als@ropland (Swampbuster). The Sodbuster and
necessary. Concern now centers on what will hapgswampbuster provisions were a tacit recognition

20The first comprehensive assessment, conducted midway through CRP enroliment and before the 1988 drought lowered crop surpluses,
estimated the potential supply control, food cost, environmental benefits, and other effects of a 45-million acre CRP, as authorized in the 1985
farm bill (128). The preliminary investigation concluded that the CRP would likely produce net economic benefits in the range of about $3.5
billion to $11 billion. However, the study methodology and data were admittedly incomplete concerning such subjects as the effects on consum-
er food price increases, interaction between government supply control instruments, some environmental benefits, and the likely pattern of
enrollment after midway signup. Although its net economic benefits were estimated to be positive, the CRP was projected to cost the federal
budget more than it saved in reduced supply control expenses—a range of $2 billion to $6.6 billion over the program’s life.

To reflect new developments, an updated CRP assessment was conducted after the effects of the 1988 drought had been felt and more lands
had been enrolled in the CRP (102). Although the studies are not strictly comparable, because the methodologies used to estimate production,
supply control, and price effects differed, the basic conclusions remained the same. The CRP was estimated to produce net economic benefits in
the range of $4.2 billion to $9 billion, but the likely net government cost rose to $6.6 billion to $9.3 billion. Notably, from a net economic per-
spective, increased farm profits and higher food costs nearly offset each other, and the environmental and timber supply benefits accounted for
most of the positive margin. Again, the methodologies for estimating the value of environmental benefits are crude, relying on estimates based
on large area projections rather than specific documented effects.

If the projected soil erosion reductions or presumed linkages to environmental resources are not accurate, then the estimated environmental
benefits, such as water quality, will not be what they are expected to be. Also, recent survey results indicate that most enrolled acres will likely be
used for agriculture again if CRP payments end, and so the expected benefits may be brief (85). Ex post studies of environmental changes result-
ing from the CRP should be conducted to check the accuracy of estimated effects. For example, a study of changes in stream water quality
conditions in southern lllinois, where large amounts of CRP land were enrolled, did not reveal improvements had occurred as anticipated (23).
The geographic pattern and timing of benefit streams do affect the program’s economic bottom line. Similar assessments should be conducted
on timber and wildlife benefits, which account for between about $5 billion and $6 billion of the net benefits. The final benefits and costs of the
CRP remain unclear until those assessments are completed.
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on the part of legislators that, as traditionally adpling, different performance criteria and stan-
ministered, federal commodity program pay-dards, and measurement of plan implementation
ments likely gave farmers economic incentivegequire answers. Congressional oversight hear-
for converting grasslands and wetlands to cropngs have been held on these issues.
production (42,52). These mixed evaluations are not entirely unex-
Not surprisingly, the measures have been thpected. Compliance measures placed SCS, now
subject of controversy since their inception.the Natural Resources Conservation Service
Farmers worried that meeting the originally pro-(NRCS), in a quasi-regulatory role, which is in
posed conservation standards would cost tomarked contrast to its traditional role of serving
much and force them out of the commodity pro-clients mostly on a voluntary and willing-cooper-
grams, thus denying them price and income supator basis. Thus, “cultural” issues have probably
ports. The SCS ameliorated that concern by devetetarded effectiveness (91). Also, the novelty and
oping the concept of alternative conservatiorsheer size of the compliance task stretched NRCS
systems (ACSs), which were intended to allowpersonnel and institutions far beyond their tradi-
farmers more flexibility in attaining the com- tional resources and roles. Some unevenness in
pliance standards (99). Widespread adoption aénforcement from region to region could therefore
conservation tillage systems by many farmerpe expected. Whatever the relative roles of these
(primarily to save fuel, labor, and machinery constraints, conservation compliance measures
costs) often satisfies conservation compliance reare still inadequately enforced (91).
quirements and appears to have minimized poten- Regardless of administrative efficacy in imple-
tial economic distress for the overall sector. Howmenting them, compliance mechanisms have ba-
ever, an internal investigation of the application ofsic shortcomings as agroenvironmental measures.
the ACSs suggests they were used without clegirst, agricultural program payments, i.e., the in-
and consistent rationales and have not been dOCéentives for achieving Compiiance, may not be
mented to achieve compliance erosion controgorrelated with priority environmental problems
standards (106). (43). Moreover, compliance schemes linked to
A mid-term external investigation of the con- agricuiturai program payments lose their effec-
servation compliance measures suggested that thgeness when they are often needed most. When
programs were not being implemented in a unicommodity prices rise and deficiency payments
form manner to achieve the standards defined iaeciine, the penalty for not Complying W|th con-
program regulations (84). Generally, near oneservation measures also falls. Further, in such a
half of the cases in sampled counties did not satisjtyation, production pressure expands and in-
fy the requirements of implementing regulations.creases farmers' incentives to farm more inten-
The same external field-level evaluation of thesjyely or bring new land into production. Finally,
Swampbuster provisions indicated that the sancss the federal budget shrinks and agricultural pro-
tions did slow the conversion of wetlands to Cropyram payments fall, the relative scope and effec-
land, but were not being uniformly enforced (84).tiyeness of compliance programs declines. The
Another evaluation conducted by the USDA's Of- |55t two limitations are expected to become more
fice of Inspector General, based on a 1991 audit,ident over the next decade, as agricultural trade

found a similar rate of noncompliance (105). (Theg |iperalized and pressure to cut the federal budget
sample size was, however, extremely small.) "brows.

contrast, SCS internal status reviews of progress

have indicated a small percentage of producers are . )

not in compliance with their plan requirementsl! Agroenvironmental Regulation

(103). There is no official explanation available Although precise figures do not exist, agriculture
for the different findings of the external reviews appears to be affected less by environmental regu-
and internal status reports. Questions about sanation than other industries. The reasons include
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agriculture’s long history of voluntary subsidy ap-groups in the registration process does significant-
proaches, and its basic structure: diffuse, diversdy affect EPAs registration decisions (16).

and numerous (nearly 2 million) operations that Pesticide use in the United States grew steadily
generate mostly nonpoint pollution are difficult to from 1950 to 1984, but leveled off and started to
identify, monitor, and regulate. However, whenfall in the mid-1980s (12; table 2-7). On the
environmental problems are concentrated in cemhole, as fewer acres have been cultivated, small-
tain inputs, subsectors, or local areas (and so car amounts of pesticides have been used. The
be monitored and measured) and minimum envimodest decline in the mid-1980s may also reflect
ronmental standards have been established, regiire cumulative effects of rising pesticide prices,
latory approaches have been applied. Almost byegulation, and the introduction of more potent
definition, the regulatory approach is best-suiteccompounds. Restrictions on the use of products,
to cases in which private incentives and public enposted on legally binding labels, define permissi-

vironmental goals are quite disparate. ble methods of application, maximum dosages,
preharvest intervals, and use restrictions near
Pesticides water.

Pesticide registration is the largest regulatory ef- The threat that a new compound will not be ap-
fort affecting U.S. agriculture. The governmentproved by EPA has increased the profit potential
began regulating chemicals used in U.S. agriculof more environmentally benign pesticides, and
ture at the beginning of the 20th century (75). Théas encouraged the introduction of a variety of
goal at that time was to protect farmers from comnew products (69). Accordingly, although overall
mercial frauds. The history and performance repesticide application rates have changed only
cord of the effort delineates the challenges of reguslightly, the composition of products may have
lating a diverse and diffuse industry in the face othanged much more. Unfortunately, the lengthy
scientific uncertainty. and costly EPA review process has probably re-
The registration and reregistration of productsstricted the rate at which the new, more environ-
is a complicated and lengthy process that does notientally benign products appear (62). Efficient
appear to satisfy consumers, environmentalegulation can stimulate innovative technologies
groups, or industry groups. It can take four to eighthat reduce the cost of meeting environmental per-
years for a product to undergo an elaborate sciefiermance standards.
tific review. At this writing, more than 3,000 Inevitable uncertainty pervades any evaluation
chemicals are classified as pesticides under thef pesticide policy and programs. Critical assess-
Federal Insecticide, Fungicide, and Rodenticidenents seem unending, and there are few definitive
Act (FIFRA)—a listing that includes active pesti- conclusions that all sides can endorse. The costs of
cide ingredients and more than 2,000 inert ingrerestricting or banning a pesticide can be reliably
dients that are not subject to reviews (96). Perhamstimated in the short run, but long-term estimates
because the review process can be interminablare more difficult to make, primarily because it is
the vast majority of 880 active pesticide ingredi-unclear what problems new products might pose
ents have not been fully cleared by EPA reviewand what kinds of management practices will be
and remain effectively unregulated. Further,used to respond to regulatory action.
EPA's efforts apparently have had relatively little  Generally, the farm sector as a whole has not
effect on the total use or sale of agricultural pestisuffered economically from pesticide regulation.
cides (69) Critics allege that severe resourc€onsumer prices of products produced with
constraints within EPA have hampered its abilitybanned or restricted chemicals have risen slightly
to make effective registration decisions. Howeverjnstead (69). Individually, however, some farmers
evidence suggests that active participation by eimay lose—or gain—from pesticide regulation.
ther environmental or pesticide industry interesFarmers who have traditionally depended on re-
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stricted compounds may grow and sell less, for expropriate pesticide use. Pesticide-laden runoff
ample, while farmers who have not used suchhat contaminates streams, rivers, and lakes, as
compounds can benefit from the price rises resultwell as pesticide residues that leach into ground-
ing from lower yields and less supply. Farmerswater or remain on foods, can damage the environ-
who grow crops on which relatively limited mentand have been associated with cancer, devel-
amounts of pesticides are used, termed “minoopmental impairments, and reguctive prokems
use” crops, such as vegetables, fruits, nuts, and arr humans. Yet the precise nature of the links be-
namental crops may be particularly disadvaniween pesticides and the damage they cause is
taged. The lack of broad markets that, say, corpoorly understood. Long-term epidemiological
and soybeans have, means the cancellation of tlfeuman health) information on the effects of pesti-
registration of compounds for minor used crop<ides individually, and in combination with other
can cause significant losses. In effect, becausehemicals or environmental stresses, is lacking.
“minor use” compounds have what is consideredhlso lacking is long-term information on how
to be a relatively small market, it is not alwayspesticides, individually and in combination with
profitable to reregister or develop substitutes foiother chemicals and stresses, affect environmental
canceled compounds.in this context, it is inter- systems. As a result, EPA reviews must often use
esting to note that crops requiring “minor use”incomplete and surrogate data to infer risks to hu-
pesticides may account for fully 45 percent of totamans and the environment from pesticides. Many
U.S. agricultural output and $5 billion in exports existing pesticides are being used while tests on
(227). them are being completed.

Regulation of individual compounds, whether Two important developments in pesticide
they are used for soybeans or tomatoes, is not likgolicy occurred in 1993 (53). A National Acade-
ly to cause severe economic harm when good suly of Sciences panel on pesticides in the diets of
stitutes are available. However, eliminating ainfants and children recommended moving to a
whole class of chemicals without apparent substihealth-based standard with careful consideration
tutes could cause serious economic hardship in the# children’s exposure, and additional testing of
short run (68). Consequently, the sequence of regpesticides for developmental toxicity (63). The
ulatory decisions, substitutability among chemi-panel noted that because of their weight and diet,
cals, and the availability of nonchemical alterna-children may be at risk of developmental effects
tives to pesticides are extremely important. Thdrom pesticide residues—and so pesticide risk as-
potential risks of using a pesticide must besessments should differentiate between children
weighed against costs and the likelihood of develand adults. In addition, the Clinton administration
oping a substitute to ascertain the magnitude désued a new pesticide proposal for a unified
both short-run and long-run effects. health-based negligible risk standard for fresh and

Even though it is possible to estimate regulatoprocessed food; a quicker review process, during
ry costs, current science and data usually cannethich registrants must prove that their products
measure regulatory benefits, or the costs of inapare safe or lose approval; special provisions for

21 EPA has recently been trying to improve minor use registrations. Based on national surveys, the reregistration of about 1,000 minor use
pesticides will not be pursued by manufacturers and another 2,600 new pesticides will be needed for minor uses by 1997—creating a need for up
to 3,600 minor use products very shortly. To retain important minor use compounds, EPA is: 1) working closely with USDA and an interregional
research group that facilitates minor use pesticide research, 2) granting waivers for low volume/minor use data where feasible, 3) moving to
revise its crop groupings for residue testing to encourage minor use registrations, 4) encouraging third-party registrations, 5) providing fee
breaks and expedited processing, 6) coordinating with agricultural users and the pesticide industry, and 7) considering legislative changes

(123).
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“minor use” registration and reregistration; andcultural sources. Congress enacted a set of Coastal
programs to encourage integrated pest managg&ene Act Reauthorization Amendments (CZARA)
ment (53,122). These actions, some requiringn 1990, which laid out a comprehensive process
congressional action, have yet to be approvedor improving water quality. Programs aimed at
Whether they will mark a fundamental policy coastal nonpoint source pollution were included.
change for USDA—from primary emphasis onFor agriculture, the act sets out specific ways to
expanding food production by using pesticides tattain coastal zone water pollution reductions
more emphasis on the possible health and env{121). First, farmers in coastal zones are required
ronmental risks of pesticides—remains an opemo adopt “economically achievable” management

question. measures within three years from a list compiled
by the federal or state/local agencies. (Presum-
Confined Animal Facility Water Pollution ably, farmers will be given education and techni-

Confined animal operations such as feedlots—cal assistance, but will not be eligible for substan-
some of which, depending on their size and natial  cost-sharing.) Plans for controlling
ture, can generate large quantities of nutrients ar@gricultural and other sources must be submitted
bacteria—and be a “point” (readily identifiable) by June 1995. If states do not comply with the
source of water pollution. Under the Clean WatefCZARA provisions, they may possibly forfeit
Act, such operations fall under regulatory pro-coastal zone development grants and other related
grams to control excessive effluents. States mafgderal funds.
require the use of specific technology or adher- During the first stage, the CZARA process re-
ence to certain pollutant limits, as well as monitorguires that certain technologies be implemented
ing and reporting. EPA delegates the responsibilfor all agricultural land in coastal zones by Janu-
ity for implementing such water pollution control ary 1999. Different technology lists apply to crop
provisions, and for achieving designated watefnd livestock enterprises, for example. Following
quality standards, to states. For its part, EPA is red two-year monitoring period (to January 2001),
sponsible for ensuring compliance with federatthe states have three more years to implement
legislation. additional measures where necessary to achieve

A review of 10 state programs shows considerspecified water-quality standards. States must en-
able variation in the scope and degree of pointsure the implementation of the measures through
source control programs for these animal facilitiegnforceable mechanisms, including regulation
(46). Some technical assistance and Cost-shari@d innovative incentive schemes. Because the
programs were available in all states through th&ZARA will be implemented over the next sever-
ACP to help producers comply with the federalal years, its effects on agriculture remain uncer-
standards. Half of the states also provided finantain—but potentially large. For example, almost
cial assistance. There are insufficient data t&ll counties in Michigan may be affected by
compare the net control costs of these facilitie§ZARA rules because of their proximity to the
with those of industrial sectors subject to similarGreat Lakes. One analysis estimates the annual
regulation. A study conducted for EPA suggeste@osts of the proposed measures as typically less
that the applicable regulations were unevenly anthan $5,000 per farm for most farm sizes (44).
weakly enforced (15).

Wetlands Alterations

Coastal Zone Water Quality Section 404 of the 1972 Federal Water Pollution
Pollution of coastal zone waters became a subje@ontrol Act Amendments regulates actions taken
of growing concern in the 1980s. As noted earlieto alter wetlands—including converting them to
in this chapter, coastal estuary water quality haagricultural uses. Designed primarily to deal with
been affected by nitrate and sediment from agriwetlands adjacent to navigable waters, section
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404 requires permits administered by the U.Syears old fell from 202 to 81 between January
Army Corps of Engineers for the discharge 0f1994 and January 1995 (24). Despite these statis-
dredge and fill material. The role is one longtics and the trends they reveal, substantial uncer-
associated with federal regulation of navigationtainty may still exist in farmers’ minds about the
Most normal agricultural activities were explicit- section 404 process and consequences. In addition
ly excluded under section 404 provisions, untilto regulatory reform to minimize unnecessary de-
President Bush issued his “no net loss of wetlays and costs, educational programs may be nec-
lands” (NNL) policy dictum in 1987. essary to explain the permitting process and re-
Attempts to implement that policy have neces-duce uncertainty for those farmers likely to be
sitated more inclusive definitions of wetlands andittle affected.
have put more agricultural activities under the
scrutiny of the se_ction 404 r_eview and permitEndangered Species
process. Changes in levees, dikes, and drainage

= . fle potential application of land use restrictions
farmland classified as wetland, and other agnculimder the Endangered Species Act to restore

tral Wet'?‘”d conversion, may require a Sectlorfhreatened and endangered species causes signifi-
404 permit. Under a 1994 agreement between the

U.S. Army Corps of Engineers, the FWS, EPA,Cant Worres among agrlc':ultu'ral pro_ducers who
rely on using the lands implicated in recovery

and the SCs, final rules exempt wetlands con lans. The restrictions may affect producers’ pes-
verted to cropland before December 1985 from). . ™ y P P
icide use, for example; their plans to convert pas-

section 404 requirements (131). Most recently, th ; land: ther devel t oot

NRCS was given responsibility for certain aspect ure 1o cropiand, or ofher development options.

of the section 404 program affecting agriculture. nderstandably, producers fear that public restric-
tions will impose costs without compensation.

The impact of section 404 wetland permit regu- To d hei icul b
lation has been in dispute. Some data imply that 0 date, the Impacts on agriculture appear to be

the overall restrictiveness has not been great: 67°ated cases that may significantly decrease in-
percent of the applications made in 1990 were agE°Mes N specific areas. Possible recovery plans
proved, 30 percent were withdrawn or processeH?VOk_ed for threatened and endangered _flsh spe-
as general permits, and only 3 percent were deni¢d€S In Western waters may be broader in scope.
(42). The time and resources involved in seekind//oore and Weinberg (57) report that of the 93 fish
the permit, however, can be considerable. A stud§Pecies considered threatened or endangered, 67
of a sample of permit records for 1992 concluded® found only in Western rivers—a large number
that it took the average applicant 373 days to géif which provide water for agricultural irrigation.
through the “individual permit” process, and thatPotential recovery plans for the Columbia River’s
93 percent of the individual permit applicationsSOCkeye salmon runs could restrict irrigation in a
exceeded the 60-day “evaluation-time” target (2)large section of the Pacific Northwest (Idaho-
Such individual permit applications normally Washington-Oregon) and impose significant
constitute about 10 to 15 percent of the sectio§0sts on specific agricultural subsectors, even
404 permit applications and apply to controversiathough the costs to the overall regional economy
cases requiring lengthy evaluation. Howeverwould be small (1). A larger concern centers on
when the remaining 85 to 90 percent of generapotential restrictions based on the number of spe-
permits are added to individual permits, the avercies expected to become threatened or endangered
age time for the process falls significantly (132).over the next 10 years. Little systematic analysis
During 1994, the average time was 27 days for thef the overall effects on agriculture has been un-
total of more than 48,000 applications, and thelertaken due to the uncertain path of species pres-
time for individual permits fell to 127 days. In ad- ervation actions and required management mea-
dition, the backlog of applications more than twosures.
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Harmful Nonindigenous Species nologies is reflected in enthusiasm for emerging
The accidental importation of harmful nonindige-technologies such as precision farming (described
nous species has caused significant commercidelow). Environmental groups also stand to gain
losses to agriculture and degraded the envirorfrom supporting complementary technologies,
ment. However, regulatory mechanisms and rulebecause they can help achieve lower cost and
to screen unwanted species introductions appeéenger lasting environmental improvements.
incomplete. This issue is discussed in detail in Market forces have *“induced” agricultural

chapter 5. technology innovation that reduces the costs of
relatively expensive market inputs, such as land
[ Stimulating Agroenvironmental and labor. The costs of these inputs are not diffi-

Technology Development and Adoption  cult to determine. However, the costs of many en-

Despite a broadening environmental agenda, putyironmental problems associated with agricul-
lic agricultural research and technology developture—such as degraded drinking water or dimin-
ment continues to focus predominantly on in-ishing wildlife habitats—are difficult to capture in
creasing production, as it has for most of thighe marketplace. Consequently, the environmen-
century?2 Public research funds simply have nottal costs (and benefits) stemming from agricultur-
been targeted to developing technologies aimed &l production generally have not been incorpo-
simultaneously enhancing environmental qualityrated into the costs farmers pay or the prices they
as well as agricultural production. Since thereceive for their goods, and there is little impetus
1970s, more than 60 percent of agricultural refor technological innovation that ameliorates, or
search by federal research agencies and by sta@gen addresses, environmental problems.
land grant universities has been related to produc- Public policies, too, are responsible for the
tion, while about 10 percent has been dedicated technological bias toward agricultural produc-
natural resource or environmental topics (chapteion. Public subsidies may encourage farmers to
2). The result has been policies and programs thadopt some technologies to clean up pollution, but
put production and conservation goals in competias a rule, those subsidies do not act as incentives
tion with each other. for developing technologies that will enhance
Interest in promoting “complementarity” be- both environmental quality and agricultural out-
tween agricultural production and the environ-put. Pesticide regulation is the major exception,
ment has grown within the research communityjnsofar as the restriction of certain agrichemicals
however, and among farm producers, in some aggssentially creates market incentives for cost-
ribusinesses, and among consumers. The bro&dfective, more environmentally sound alterna-
adoption of conservation tillage and growing usdives. However, regulation may not always be the
of soil nutrient testing, as well as producer in-best approach for stimulating complementary
volvement in collaborative R&D networks acrosstechnologies. The present agricultural program
the country are supportive of the “complementarfegime has fostered a piecemeal approach to
ity” notion (93). Consumers favor a reduction inagroenvironmental technology innovation: com-
farm chemical use and show increasing demanglementarity is the exception rather than the rule,
for food with fewer chemical residues (81). Theand potential public and private benefits are lost as
market potential for some complementary techa result.

22cyrrent allocations to agroenvironmental research reflect two special initiatives enacted in the 1985 and 1990 farm bills—the National
Research Initiative and the Sustainable Agriculture Research and Education (SARE) program. Both were implemented as competitive grants
programs through USDA. The National Research Institute allocates 20 percent of its grants to research topics of natural resource or environ-
mentally related content (65). The SARE program promotes multidisciplinary research applied to farm problems with significant agroenviron-
mental content.



100 | Agriculture, Trade, and Environment

Technological innovations are not costless. Eiket and/or public program incentives to do so.
ther private industries or the public sector, or bothHowever, some agricultural and environmental
must invest in research and development. Theechnologies currently used suggest that there is
chief challenge to public and private technologygreat potential for development and adoption of
development will be in identifying critical goals complementary technologies within the agricul-
for the sector as it confronts present and futuréural sector. Possible examples of these technolo-
challenges, and stimulating complementaryies include: integrated pest management, con-
technology innovations that enable individualservation tillage, soil nutrient testing, rotational
producers on diverse farms to meet those goalsgrazing, and organic farming systems.

Initiating development of complementary
The Transition to Complementarity technologies requires first defining the criteria by
In practical terms, “technology” means the man-which their performance will be assessed. For ex-
agement scheme by which various practices ana@mple, critical thresholds for environmental qual-
inputs—Ilabor, information, machinery, water, ity and production could be set on a regional or na-
chemicals, biological inputs, and capital—aretional basis. Environmental quality components
combined into a coherent system to achieve ceinclude water quality, soil quality, and wildlife
tain goals. As noted in chapter 2, a virtual technohabitat criteria and the minimum standards rele-
logical revolution is under way in agriculture, andvant to the region. Similarly, production criteria
is having a profound impact on both technologicalyould capture the crop and livestock regional pri-
tools and goals. Just as the emphasis on produciggities. Within those critical thresholds (the “fea-
abundant food spawned technologies that prosiple set” of technologies), trade-offs between the
moted intensive production and economies ofyo goals could provide stimulus for further in-
scale, the shift toward a emphasis on both abunygyation.
dant food and environmental quality signals the e existence of a feasible range suggests that
need for new technologies that prevent pollution,, gingle complementary technology will be the
and maintain profltabl_llty from t_he outset. For N «pest” choice in all cases and in all regions of the
dustrl_es such as agrlcul_ture, N Wh'Ch. no.npo'mcountry. There will likely be no “silver bullets.”
pollution processes dominate and monitoring ®Non different kinds of farms, or in the hands of dif-

forcement costs are high, preventing Iopllu'['onferent farmers, the complementarity of a given
may be less expensive and more effective thapechnology is likely to differ as well

treating pollution after the fact. ) .
. : While complementary technologies may be
Some analysis suggests that pollution preven-. . . )
. . - distinctly different from each other, their success-
tion technologies may not be efficient enough tg T ) ) o
8J| application uniformly requires sophisticated
thus not be complementary technologies (97)M'2nagement skills and a “holistic” or “systems

However, the success of pollution preventiondPProach to farm management (94). Thus, the na-

technologies is determined by the efficiency with{Ure of farmer management capacity and goals de-
which it meets socially defined pollution control fines the technology set most relevant to his or her
goals, not simply by its private rate of return in thefarm. Chief among the tools that may make com-
absence of environmental quality goals. ComplePlementary technologies more feasible are bio-
mentary technologies move a step beyond thitechnology, biologically based pest controls, and
standard by requiring environmental quality im-information technologies.
provement while maintaining or improving pri-
vate profitability. Biotechnology

The feasibility of developing and tailoring Biotechnologyinvolves the insertion of genes car-
complementary technologies has not been investiying desirable traits into plants or animals. As
gated because, as noted above, there are few mamtlined in chapter 2, there are many plausible ap-
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placations for biotechnology in agricultural pro- E
duction, ranging from pest resistance in plants to E
increased growth efficiency for livestock. Most E
current biotechnology applications are designea?i %’55
primarily to reduce risks associated with crop pro- = .
duction or to increase production efficiency, with © = — 2 TS
only incidental consideration of environmental T PN ¥
concerns. But there is no reason that biotechnoloz= - ‘ St
gy could not be employed directly toward comple- ﬁ"mﬁ; L4

mentary aims. Biotechnology could be used, fore*=

== 3

instance, to develop drought-tolerant cropsa i e W
(which could permit a significant reduction in ir- =

rigation and its negative environmental conse-m -

quences). Rather than turning their efforts toward == =

creating Bt-engineered corn (which may enhance;ﬂ?ﬂm==
the resistance of pests to the toxin) or herbicidetmgrs = T T,
tolerant crops (which do not encourage reduce
chemical use or any other conservation practice)
scientists might instead investigate the feasibility T
of conferring inherent resistance to pests without=-g,,.,:-.-__ s
toxins. Markets, however, may not stimulate re- Q.
search and development in that direction heCaus @ S ——

of incomplete environmental priCing- Testing  soil for stored nitrogen helps  farmers decide  how

much  fertilizer their crops realty need. In many States, such
testing has enabled farmers to save money and curtail nitrate

Biologically Based Pest Controls leaching by reducing fertilizer applications. Further develop-
The term “bi0|ogica”y based peSt controls” refergment of inexpensive, readily available soil testing technolo-
to a wide variety of pl‘OdUCtS designed to SUbSti-%lS;/igsUId increase the benefits to both farmers and water
tute for conventional synthetic insecticides, herbi-
cides, and fungicides. Biologically based pesgram has funded field research into the effective-
controls involve the introduction of predators, ness of some biologically based pest management
parasites, pathogens, pheromones or natural contechnologies. EPA has designed an accelerated
petitors specifically to control pests (13). Overall registration process for biologically based pesti-
adoption to date of such approaches is low, and bicides, on the assumption that they are environ-
ological pesticides currently comprise only a frac- mentally preferable to synthetic products. Marty
tion of the total pest control market. Neverthelessmay pose fewer threats to human health than some
use is growing and is now quite high to control conventional pesticides, but their potential im-
certain pests such as gypsy moths and pest mitdCts on ecosystems need to be carefully ex-
in strawberry fields (13). amined.

Interest in exploring biological alternatives to
conventional pest control may increase, corre-Information Technologies
sponding to increasing concerns about humarinformation technologies generally enable farm-
safety and environmental quality. The Sustainableers to manage their farms in a more sophisticated
Agriculture Research and Education (SARE) pro-and cost-effective manner. The range of infor-

1

T The Marional Acadeny of Sciences and OTA are bath engaged in studies of the staves and potential of biologically based pesi controds



ESTiS, ACFRCLLTRAL ISEEEARCH BERUCE

102 | Agriculture, Trade, and Environment

rieval and information-management products to
improve farm management. Among other things,
private firms offer precision-farming technolo-
gies to make pesticide and fertilizer use more effi-
cient. Global positioning systems (GPS), used in
conjunction with ancillary data from census, sur-
veys, or other sources, can help farmers predict
crop yields and vary inputs as needed in different
parts of even a single field. Used in tandem with
computer-assisted or telecommunications-en-
hanced decision-making software (“expert sys-
tems”), these data can serve myriad functions:
provide soil quality data to researchers, increase
efficiency of input use, predict crop yields for pro-
ducers, and anticipate and control potential envi-
ronmental problems resulting from the adoption
of certain production practices. Theoretically, pre-
cision farming can help farmers reap broad envi-
ronmental benefits while enhancing the produc-
tivity of their farms. These technologies are still
being developed, however, and their full potential
to satisfy the criteria for complementarity remains
unknown.

— s =
i at

‘Scouting” to determine the abundan?ebofhpests in farn; fie(ljds Other systems-oriented, information-intensive
is an increasing& common aspect of both conventional an : : ;
alternative methods of pest control. Armed with data col- technologles maY also help farmers tailor thEI!’
lected in the field, with knowledge of pest behavior and the management of InpUtS and peSt control to their
availability of \{arious lechpologies, farm managers can seek own HEEdS. Perhaps the most prevalent approach,
the most effective yet environmentally sound control strate- ) |

gies. Here, researchers observe the effectiveness of an insect typICa”y called Integrated pest management

trap baited with pheromones.

(1PM), involves *“scouting” or monitoring fields
for the presence of target pests. Based on scientific
mation technologies available to farmers is quiteprinciples of pest reproduction and behavior, pes-
broad and the full set of technologies based on inficide applications can be very specific. Although
tensive use of information continues to evolve. Inintegrated pest management is not always synony-
many cases, these technologies may permit farmmous with reduced agrichemical use, it is less eco-
ers to make market transactions more efficientlylogically intrusive than repeated, blanket spraying
(through electronic mail, for instance, and elec-of pesticides.
tronic auctions) and minimize their use of certain  Another system-based alternative, integrated
costly inputs by permitting them to target their re- crop management, uses certain crop mixes to
sources better (through precise application of agricreate an inhospitable habitat for pests and boost
cultural chemicals, computer-simulated trialsproduction. Many of the approaches to production
“just-in-time” inventory maintenance, and other developed through the SARE program and
means). Of particular interest from the environ-through state-supported and private sustainable
mental perspective is the capacity of information-agriculture networks use information intensively
al technologies to ameliorate the negative enviio manage production and environmental goals.
ronmental impacts of agricultural production. In the end, these and other technologies dis-
“Precision (or “site-specific”) farming” in- cussed above could make it easier for farmers to
volves using advanced satellite information-ret-decide how to achieve optimal yields as well as
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maintain soil quality, safeguard water quality, and
minimize degradation of wildlife habitats. To the
extent that new technologies help operators and
public agencies develop and use a better under-
standing of how agricultural systems and environ-
mental interaction affect both on-farm productiv-
ity and on-site and off-site resource quality, they
may enhance the environmental agenda for agri-
culture while enhancing on-farm profitability. In
general, the future significance of these technolo-

gies for agriculture and the environment depends
on: 1) their practical relevance to production, 2)
their availability, and 3) their ultimate rate of
adoption (table 4-2). Even though the potential for
complementarily is high, technologies that simul-
taneously address production and environmental
goas may not become broadly available until spe-
cific environmental and agricultural production
goas are set to provide signals for private markets
and guide public research allocations.

TABLE 4-2: Emerging Technologies and Potential Environmental Effects of Their Adoption

Technology Agricultural Availability Factors affecting Potential environmental
category application” of technology adoption benefits or costs
Biotechnology |.weed control (c) « significant public, pri- |« risks of transition |. may reduce or substitute
«insect control (c) vate research * consumer for some pesticide use
. disease control regulatory process acceptance «may Improve agricultural
(c)) Incomplete * management nonpoint pollution problems
«  reproductive . few current ability «may reduce poisoning of
control (1) applications satisfy «relevance to nontarget plant and animal
market readiness complementarily on-farm goals species
(©) criteria « rates of technolo- |=may create problems with
. herbicide gy development weediness and nonindige-
resistance (c) and transfer nous species
“  cost * may reduce stress on natu-
ral inputs through enhanced
efficiency
« benefits may be vulnerable
to pest resistance
Biologically «weed control (c) «uneven public, as above * as above
based Pest . insect control (c) private research and * may enhance biodiversity in
Controls . pathogen control development agroecosystems
(c) « limited number of «may reduce biodiversity
products when biocontrol diminishes
some active public nontarget species
sector uses
« potential for
complementarity
not clearly
established
Informatlon- «weed control (c) « emerging private, «as above = asabove
Intensive . insect control (c) public «may facilitate comple
Management *. enterprise plan- research mentarity between produc-
ning (c,,m) « limited number of ap- tion and agroenvironmental
= resource plications planning
monitoring (ae) «some active private =may reduce public cost of
«whole farm plan- sector uses of proto- monitoring of soil, water
ning (c,l,m,ae) types conditions
« potential for * may encourage
complementarily not cooperation between
clearly established private and public resource
management

*Activity category: c= crops, | = livestock, m= marketing, ae= agroenvironmental

°These include integrated crop management, certain nutrient management schemes, whole farm planning approaches, integrated pest manage-

ment, and other pollution-prevention technologies.
SOURCE: Office of Technology Assessment, 1995
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ppendix 4-1.

National Primary
Drinking Water

Standards

Contaminants

(mg/L)

MCL Potential health effect:

ingestion of wate

Sources of contaminant in
drinking water

|

Giardia lambia 40 Skeletal and dental fluorosis Natural deposits; fertilizer, aluminum
industries, water additive
Total Coliform* < 5%+ Indicates gastroenteric pathogens Human and animal fecal waste__
Turbidliy* Interferes with disinfection, filtration Soil runoff
Viruses T Gastroenteric disease Human and animal fecal waste
Mercury* (inorganic) 0.002 Kidney, nervous system disorders Crop runoff; natural deposits, batteries,
L electrical switches
Nitrate’ 10 Methemoglobulinemia Animal waste, fertilizer, natural deposits,
septic tanks, sewage
F - - - .
Nitrite 1 Methemoglobulinemia Same as nitrate; rapidly converted to
nitrate
Alachlor 0.002 Cancer Runoff from herbicide on corn,
soybeans, other crops
| Aldicarb sulfone* 0002 Nervous system effects Biodegradation of aldicarb
Aldicarb sulfoxide* 0.004 Nervous system effects Biodegradation of aldicarb
Atrazine 0.003 Mammary gland tumors Runoff from use as herbicide on corn
and noncropland
Carbofuran 0.04 Nervous, reproductive system effects Soil fumigant on corn and cotton;
restricted in some areas
2,4-D* 0.07 Liver and kidney damage Runoff from herbicide on wheat, corn,
rangelands, lawns
Dibromochloropropane 0.0002 Cancer Soil fumigant on soybeans, cotton,
pineapple, orchards
Lindane 0.0002 Liver, kidney, nerve, immune, circulatory | Insecticide on cattle, cotton, soybeans,
canceled 1982
Methoxychlor 004 Growth, liver, kidney, nerve effects Insecticide for fruits, vegetables, alfalfa,

livestock, pets

(continued)

11
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MCL Potential health effects from Sources of contaminant in
Contaminants ~  (mgl/L) ingestion of water drinking water
Pentachlorophenol 0.001 Cancer, liver, and kidney effects Wood preservatives, herbicide, cooling
tower wastes
Toxaphene 0.003 Cancer Insecticide on cattle, cotton, soybeans;
| canceled 1982
2,4,5-TP 0.05 Liver and kidney damage Herbicide on crops, right-of-way, golf
courses; canceled 1983
Dalapon 02 Liver, kidney Herbicide on orchards, beans, coffee,
lawns, road/railways
Dinoseb 0.007 Thyroid, reproductive organ damage | Runoff of herbicide from crop and
noncrop applications
Diquat 002 Liver, kidney, eye effects Runoff of herbicide onland, aquatic
weeds
Dioxin 0.00000003 Cancer Chemical production byproduct,
impurity in herbicides
Endothall 01 Liver, kidney damage Herbicide on crops, land/aquatic
weeds, rapidly degraded
Endrin 0002 Liver, kidney, heart damage Pesticide on insects, rodents, birds; ‘
restricted since 1980
Glyphosate 0.7 Liver, kidney damage Herbicide on grasses, weeds, brush
Hexachlorobenzene 0001 Cancer Pesticide production waste byproduct |
Hexachlorocyclopentadiene| 005 Kidney, stomach damage Pesticide production intermediate |
Oxamyl (V ydate) 02 Kidney damage Insecticide on apples, potatoes,
tomatoes |
Picloram 05 Kidney, liver damage Herbicide on broadleaf and woody
plants |
Simazine 0004 Cancer Herbicide on grass sod, some crops,
aquatic algae
1,2,4-Trichlorobenzene 0.07 Liver, kidney damage ‘ Herbicide production, dye carrier |
1
Arsenic’ 005 Skin, nervous system toxicity Natural deposits; smelters, glass,

electronics wastes, orchards




Education and Technical Assistance

1.

(EPA)
2. Conservation Technical Assistance
3.  Extension Education
4.  Flood Prevention
5.  Forest Stewardship
6. Resource Conservation and Development
Research or Data Activities 25.
7. Agricultural Research Service 26.
8.  Army Corps of Engineers (U.S. Army)
9.  Bureau of Land Management (DOI) 27.
10. Bureau of Reclamation (DOI) 28.
11. Cooperative State Research Service
12. Environmental Protection Agency (EPA) 29.
13. Economic Research Service 30.
14. Fish and Wildlife Service (DOI)
15. Forest Service 3l
16. Geological Survey (DOI) 32.
17. National Agricultural Library 33.
18. National Agricultural Statistics Service 2‘5"

Appendix 4-2:

Listing of Federal Conservation
and Environmental Programs
Related to Agriculture:2

19-24. Natural Resources Conservation Service

Comprehensive State Ground-Water Protection 19. National Resources Inventory

20. Resource Conservation Act Appraisal
21. River Basin Surveys

22. Soil Surveys

23. Snow Surveys

24. Plant Material Centers

Regulation or Compliance

Animal and Plant Health Inspection Service
Coastal Nonpoint Pollution Control (NOAA and
EPA)

Conservation Compliance

Dredge and Fill (wetlands) Permits (U.S. Army
Corps of Engineers)

Endangered Species Protection (DOI)
National Pollution Discharge Elimination Sys-
tem Permits (EPA)

Pesticide Registration (EPA)

Pesticide Record Keeping

Safe Drinking Water Act (EPA)

Sodbuster

Swampbuster

Iprograms are categorized based on their predominant program approach.

For a brief description of the programs, see U.S. Department of Agriculture, Economic Research Service, Natural Resources and Environ-

mental Division “Agricultural Resources and Environmental Indicatdéxgricultural Handbook No. 709)ecember 1994, pp. 162-174.

2| ead agencies are identified for programs outside the U.S. Department of Agriculture: EPA = Environmental Protection Agency; DOI =

Department of the Interior; NOAA = National Oceans and Atmospheric Administration.

| 113
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Subsidies, Compensation, and Public Works 49. Great Pains Conservation

36. Agriculturd  Conservation  Program 50. Integrated Farm Management

37, Clean Lakes Program (EPA) 51 Integrated Pest Management

38.  Colorado River Sdlinity Control 52. Naiond Esuay (EPA)

39, Conservation Loans and Easements 53. Nonpoint Source (water qudity) (EPA)

40.  Conservation Reserve 54. Rurd Clean Water Program

41, Environmental Easement  Program 55.  Range Improvements ( DOI, Bureau of Land
42. Emergency  Conservation Management)

43, Emergency Watershed 56.  Smal Watershed

44, Endangered Species Conservation (DOI) 57.  Water Bank

45.  Famland  Protection 58. Water Development and Management (DO,
46. Flood Control Bureau of Reclamation)

47, Forestry  Incentives 59. Wetlands Consarvation (DOI)

48. Forestry Stewardship Incentives 60. Wetlands Reserve

SOURCES U S Department of ~Agricuture, Economic Research = Service, Natural Resources and ~Environment Division, °Agricultural ~ Resources
and Environmental Ingicators, " Agrculturl - Handbook  No. 705 Washington, DC, December 1994, and Jefrey A Zinn, ‘Implementation of Re-

source Conservation Programs Enacted in the 1990 Food, Agricuture, Conservation and Trade Act, " memorandum to Congress, Congressional
Research Service, Jan 31, 1992
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APPENDIX 4-3 (Cont'd.): U Conservation Expenditures, by Activity and Program, Fiscal Years 1983-1995'

Activity/program 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
enacted  enacted
$ million’
FS Stewardship Incentives Program (SIP) 00 00 00 00 00 00 00 00 199 08 178 179 183
SCS Great Plains Conservation Program (GPCP) 12,2 123 125 115 114 118 122 129 164 162 164 164 63
Subtotal Cost-sharing 2164 2143 2100 1807 4481 5048 3898 3532 2790 2660 3105 2804 1399
3. Public works project activities (SCS):
Emergency Watershed Protection 225 220 50 797 148 135 100 949 200 700 731 2480 1250
Flood Prevention (operations) 227 99 139 191 115 113 128 160 128 214 238 229 00
Resource Conservation and Development (RC&D) 144 97 85 77 72 70 67 42 57 65 26 46 40
Small Watershed Program (operations) 160.6 876 880 808 827 834 837 817 826 896 1013 1069 141
Subtotal SCS public works projects 220.2 1291 1154 1873 1162 115.2 1132 1968 1211 1875 2008 3824 1431
4. Rental and easement payments (ASCS):
Conservation Reserve Program (CRP) 0.0 0.0 00 00 4100 7601 11621 13937 15901 16125 15100 17292 1739.0
Water Bank Program (WBP) 88 88 88 84 84 84 90 122 131 171 171 74 00
Wetland Reserve Program (WRP) 0.0 00 00 00 00 00 00 00 00 00 44 47.3 630
Subtotal rental and easement payments 88 88 88 84 4184 7685 11711 14060 16032 16296 15315 17839 18020
5. Conservation data and research:
Agricultural Research Service 635 637 637 624 593 605 659 736 736 739 743 767 760
Cooperative State Research Service 279 296 328 313 310 331 345 406 50.6 497 517 512 432
Economic Research Service 50 77 54 40 40 31 30 46 55 58 63 50 40
Forest service (forest environment research) 197 204 203 239 282 293 311 353 407 390 418 420 422
National Agricultural Library (water quality) 00 00 00 00 00 00 00 03 03 03 03 03 03
SCS programs:
River basin surveys 164 156 149 14.2 121 121 121 123 128 133 133 135 130
Soil surveys 514 535 548 543 582 677 682 681 698 726 72.6 739 726
Plant materials centers 38 40 41 39 46 49 50 72 79 81 81 89 81
Snow surveys 38 39 40 38 50 54 55 54 56 57 57 58 58
Subtotal SCS 755 770 778 762 797 900 908 930 960 996 996 1021 99.5
Subtotal conservation data and research 1916 1984 2000 1978 2022 2160 2253 2473 2667 2683 2740 2773 2652
6. Conservation compliance and sodbuster (ASCS & SCS) (expenditures are included in other programs listed above):
Total 1,1244 1,0285 1,0212 1,0625 1,7303 2,1843 2,5234 2,8414 29845 3,1400 3,1521 3,5481 3,133.7

‘Derived from material provided by the Off Ice of Budget and Program Analysis (OBPA) USDA.

SOURCES: U.S. Department of Agriculture, Economic Research service “Agricultural Resources, Cropland, Water, and Conservation Situation and Outlook Report, ” Agricultural Report
30, May 1993, and U.S. Department of Agriculture, Economic Research Service, Natural Resources and Environment Division, “Agricultural Resources and Environmental Indicators,”

Agricultural Handbook 670, December 1994
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Expanding
Agricultural Trade
and the Environment:

Complementary

or Conflicting? 5

s global economic integration proceeds, and as domestic

and international environmental priorities broaden, in-

creasing concern has focused on how trade might affect

the environment—and how environmental programs
might affect trade.Whether the expanding trade and environmen-
tal forces can work together, or whether they necessarily conflict,
has been a matter of prolonged debate (10,18). In fact, in the space
of 20 years, the scope of the debate has widened from economic
and environmental issues under U.S. jurisdiction to include in-
ternational commerce and global environmental questions. The
simple label “trade and environment” consequently covers a
large, complicated, and ever-growing web of topics that are cru-
cially important to legal, economic, and environmental interests
alike (23,64).

Chief among the most striking developments has been a steady
rise in world trade. The nominal value of world agricultural trade,
for example, has risen fivefold since 1970, from about $40 billion
to more than $200 billion (86). The North American Free Trade
Agreement (NAFTA) and the Uruguay Round Agreements
(URA) of the General Agreement on Tariffs and Trade (GATT)
will further fuel that trade. Other regional agreements designed to
lower trade barriers, such as the Mercado Comundel Sur (MER-
CURSOR) pact among Argentina, Brazil, Uruguay, and Para-
guay, will likely do the same.

Coupled with rising production for domestic consumers, in-
creases in agricultural trade placed new pressures on the U.S. eng
vironment in the 1970s and early 1980s. As they produced more,
farmers used more machinery, pesticides, and fertilizers, and irri-
gated more acres. Technological advances made it less costly to
convert prairies, wetlands, and other areas to farmland. As a re- | 119
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sult, all levels of government introduced more enfonmental conditions, or between environmental
vironmental management initiatives affectingmanagement and trade flows. A growing number
agriculture. (See chapter 4 and also chapter &f quantitative studies are analyzing the size and
which documents similar trends in nationalnature of the domestic and international linkages
agroenvironmental programs among selecte@for example, 39,83), but much more effort is re-
trading partners and competitors.) While the presguired.

sures on input use abated slightly in the late 1980s This chapter examines what is currently known
and early 1990s, the potential exists for a recurabout how agricultural trade and the environment
rence with trade expansion. affect each other in the United States—and ad-

Multilateral and global environmental initia- vances hypotheses about their future relationship.
tives have multiplied as well. Since the earlylnternational developments that complement or
1970s, both developed and developing nationwork against national interests are also covered.
have been increasingly active, and have souglior the purposes of this chapter, the term “envi-
cooperation on transboundary environmentafonment” refers to natural resources such as water,
problems such as ozone depletion, endangerembil, wildlife, and so forth. (See chapter 4.) Food
wildlife, and greenhouse gases. Several major irsafety questions are, for the most part, not ad-
ternational conferences have marked the expandiressed.
ing multilateral environmental interests—U.N.  Pearson lucidly defines four trade and environ-
Stockholm Conference (1972) leading to thement policy issues that are the collective focus of
United Nations Environment Program (UNEP),this chapter. First is the effect of environmental
the 1987 World Commission on Environment andregulation on trade. According to some schools of
Development addressing sustainable develoghought, costly environmental regulations can
ment, and the 1992 U.N. Conference on Environforce domestic producers to lose export markets or
ment and Development held in Rio de Janeiromove overseas. As this chapter will demonstrate,
Brazil, producing climate change and biodiversityhowever, studies of honagricultural industries in-
conventions. dicate that exports have been little affected and

Such conferences and other fora have devotetthat overseas migration has not been significant
considerable attention to trade and environmemverall. Because the U.S. agricultural sector is
issues, but definitive answers to fundamentasubject, for the most part, to voluntary conserva-
questions remain elusive. How and how muchion and environmental programs implemented
will expanded trade ultimately affect national andwith subsidies, the overall effects of these pro-
international environments? Will domestic andgrams on trade flows and firm location should be
multilateral environmental protection measuresmegligible as well. Moreover, many competitors
conflict with liberalized trade? Or are the two abroad must comply with similar agroenviron-
forces basically complementary? mental programs. (See chapter 6.)

It is difficult to answer these questions defini- On the other hand, some agricultural sectors
tively because research on them is immature (78jnay suffer from environmental regulations in the
Imperfect knowledge of how new global trade re-short term. A case in point is the fruit and vegeta-
gimes, new environmental management agreedsle sector, which relies on the pesticide methyl
ments, and the markets for traded goods operate-bromide for crop production, but also to treat food
and, ultimately, of how the environment is relatedexports and imports. Methyl bromide depletes the
to agriculture—have made the agricultural tradebzone layer, however, and its use is to be phased
environment debate to this point primarily a con-out by 2001 under the Montreal Protocol on Sub-
ceptual exercise. Most analyses have focused atances that Deplete the Ozone Layer and the U.S.
defining terms and potential complementaritiesClean Air Act. Clearly then, the effects of a broad-
and conflicts, instead of providing direct, quanti-ening environmental agenda on trade will depend
fiable links between agricultural trade and envi-on the specific types of environmental programs
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implemented. Complementary research andavays. Controlling domestic environmental quali-
technology developments targeted to achieve erty hinges principally on how U.S. agroenviron-
vironmental and trade objectives simultaneouslynental programs are run. These programs are not,
are a sensible option to reduce conflicts. (Seat this writing, wholly effective: they do not offer
chapter 4.) comprehensive and enduring environmental cov-
Second to be considered is the role of productrage, or incentives for complementary technolo-
standards. National product standards, such as tay research and development.
erance levels for pesticide residues, serve as non- Expanding agricultural trade may pose special
tariff measures to screen certain imports. Theisks for developing countries that have inade-
URA established new health and safety, as well aguate environmental programs and would re-
“technical barriers to trade,” codes that addresspond to higher world prices by producing more
this issue. Among other things, the codes specifproducts for export. Pressures on transboundary
that product standards should be based on scienaad global environmental resources of interest to
and restrict trade no more than necessary tthe United States, such as border water resources
achieve a nation’s desired level of protectionand habitats for migratory wildlife, may result
However, certain agricultural product standardsn significant costs. The present patchwork of
are crucial to addressing environmental ills. Fomultilateral environmental agreements does not
example, keeping harmful nonindigenous specieappear able to systematically address this kind of
(HNIS) out of the United States (now a major en-dilemma.
vironmental concern) depends primarily on en- Fourth, and finally, this chapter looks at how
forcing measures covered by the codes, such asade measures are used to meet international en-
gquarantines. It is not clear whether these kinds ofironmental objectives. NAFTA and the URA
standards will come under fire as unjustifiablewere the first trade agreements to incorporate sig-
barriers to trade. If they do, only future rulings bynificant environmental provisions, but the ulti-
the World Trade Organization (WTQO), the trademate efficacy of those provisions depends on fu-
community’s successor to GATT, will determine ture political dynamics. In contrast, the use of
their status. trade measures in a limited number of internation-
The third major topic to be addressed in thisal environmental agreements has been de-
chapter is the effect of trade liberalization and exmonstrably effective. Current WTO rules do not
pansion on the environment. NAFTA and thespecifically address the use of international envi-
URA do not require the United States to reduceéonmental trade measures, and therefore clear
current commodity program payments affectingguidelines are not at hand. Further, critical ques-
production, or to “decouple” (i.e., separate) thetions about the conditions justifying unilateral or
payments from levels of production. Thus, potenmultilateral actions and extraterritorial objectives
tial environmental changes from commodity pro-remain unanswered. Such “offensive” environ-
gram reform should not be expected. Shifts irmental trade measures have not been widely ap-
agricultural production that result from the newplied to agriculture, although they may be in the
trade agreements will likely cause little overallfuture. Clear rules promulgated by the WTO
change in U.S. environmental conditions. Indeedwould assist environmental and trade efficiency.
environmental conditions may improve in someAn international organization rgsnsible for glob-
areas, as imports displace environmentally damal environmental management could work with
aging domestic production. Certain other areas—the WTO to ensure that both global trade and envi-
such as border zones, where trading could flourronment needs receive appropriate consideration.
ish—may come under increased environmental Based on careful examination of the issues, itis
stress, and HNIS, such as invasive weeds 0®TAs conclusion that efforts to expand agricul-
rangelands, could pose new commercial and enviural trade and upgrade environmental quality can
ronmental risks as they enter through trade pathcomplement each other, if appropriate envi-
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For the first time in history the signing of a trade pact-the North American Free Trade Agreement-was accompanied by an
environmental side-agreement 10 pursue regional environmental protection.

ronmental management programs are in place ansome argued that if the compliance costs were
are properly run. Unfortunately, current programssubsidized by governments, environmental re-
at domestic and international levels do not ensursources would continue to be undervalued and
that this will happen. Reconstitution and retarget-squandered. The Organization for Economic
ing of environmental programs; more funding for Cooperation and Development (OECD) ad-
technology research and development that aidsressed the issue back in 1972, when it published
both trade and environmental quality; introduc- its Guiding Principles Concerning the Interna-

tion of new institutions; and greater levels of mul- tional Economic Aspects of Environmental Poli-

tilateral cooperation are essential. cies. This document marked the international de-
but of the “polluter-pays principle” (PPP), which,
EFFECTS OF ENVIRONMENTAL simply stated, requires polluters in the private sec-
PROGRAMS ON TRADE tor, and not governments, to pay for the environ-
COMPETITIVENESS mental degradation they cause.

As environmental concerns escalated in the early The PPP reflects a sound trade and environ-
1970s, the trade community began to worry thamental policy principle: unless private parties pay
a country's efforts to promulgate environmental the full amount it costs them to produce goods
legislation might impose high compliance costs(and eventually pass those costs onto consumers
on its industries-and so damage their ability tothrough higher prices), environmental and other
compete in international markets (58). Further,resources will be misused and trade will be ineffi-
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cient (3,56). The actual costs of environmentaln some cases, the environmental consequences of
degradation are usually not included in the priceagricultural production may not result in “signifi-
producers pay or in the prices they charge to coreant” external costs. In others, farmers may have
sumers because, in economic terms, propertgconomicincentives to address the environmental
rights for many environmental resources are undeproblems they have caused, because the damages
fined or work poorly (57). Essentially, the full directly affect their assets and/or profits. Losses of
costs of using environmental resources in agriculsoil productivity due to erosion fall into this cate-
tural production—or of inadvertently degrading gory. Clearly, a first step in remedying environ-
them through agricultural practices—are left outmental problems, whether they are generated by
of the market prices for agricultural goods. A clastrade or domestic sources, is to determine what
sic example of this dilemma is field runoff carry- kinds of activities result in significant external ef-
ing sediment, fertilizer, or pesticides, which pol-fects, whether negative or positive.
lutes water downstream. The cost of the pollution Governments use regulatory standards, taxes,
is not paid by the polluter, and so he or she doesubsidies, and other policy instruments to “pay”
not incorporate that cost into the price of his or hefor negative or positive environmental effects. But
products. A related principle implies that therepublic subsidies of pollution abatement costs, for
will be insufficient positive environmental ser- example, violate the PPP and have been discour-
vices unless the parties that generate those sg{ged by the Organization for Economic Coopera-
vices are subsidized. An agricultural example[ion and Deve|opment (OECD) and GATT ac-
might be compensating farmers for environmencords! Despite such arguments against subsidies,
tal benefits that also accrue to other parties, suqlp,ey remain the dominant approach in U.S.
as providing habitat for migratory wildlife. agroenvironmental management programs. (See
If significant environmental problems stem- chapter 4.) Other industrial countries have been
ming from freer trade are ignored by markets, thegjmilarly disinclined to factor the PPP into their
freer trade does not necessarily guarantee thata’groenvironmental policies (76). However, the

society’s welfare will improve—that is, that a so- yse of environmental subsidies in agriculture is
ciety will be on the whole better off than it was be‘expanding, and could pose future problems.

fore it liberalized trade (3). Prices that do not take
all costs into account also convey incomplete sig- .
nals to private and public environmental technoloJ IMPacts on Agriculture
gy research and development. (See chapter 4jke producers in other industries, farmers fear
Theoretically, appropriately targeted policies thathat the costs of complying with environmental
do take external environmental costs (and bengsrograms will significantly constrain their ability
fits) into account could lead to gains in both tradéo compete with foreign firms. For agriculture,
and environmental quality (3). Unfortunately, ac-such diminished competitiveness has not been a
curate and comprehensive “environmental” ommajor issue until now, because most conservation
“natural resource accounting,” which would as-and environmental programs have been voluntary
sess those costs and benefits, is not yet possitded implemented with subsidies, or have been a
(9). side requirement of commodity program subsi-
For governments not to levy an environmentalies. (See chapter 4.) There are currently regula-
charge under the PPP means that parties other théons pertaining to pesticide registration, water
the polluter lose income or otherwise have to pay eunoff from confined animal operations, and land
“significant” cost for what the polluter has done. use controls to protect endangered species. Also,

1 Because not all environmental effects are counted in the market, it is argued, polluters, in effect, receive an implicit subsidy (54,71).
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potential regulations may be used to improve théar pollution problems and regulations. The meth-
water quality of coastal zones. But the prospect ofl bromide controversy is an example that is often
more, and more extensive, regulations has genecited. Methyl bromide is a chemical used as a soil
ated worries about their impacts on competitivefumigant pesticide in the production of crops, and
ness. At this writing, the net costs of environmenin the treatment of agricultural imports and ex-
tal programs affecting U.S. agriculture, includingports. Methyl bromide also depletes ozone in the
subsidies, regulatory expense, and private benatmosphere, and its use will be phased out in the
fits, are unknown. Some studies have attemptednited States by 2001 under the Montreal Proto-
estimates, but their data are incomplete (29). col and U.S. Clean Air Act. In the South, the pro-
Because there is little compliance cost informa-duction and/or export of cotton, tobacco, citrus
tion available for agriculture, it is useful to look at fruits, and peanuts may be reduced if the use of
how trade in other U.S. industries has been afmethyl bromide is restricted (43). Forsythe and
fected by the environmental regulations that theyevangelou (27) estimate that without methyl bro-
have been forced to follow for more than 20 yearsmide, fresh fruits and vegetables imports would
The evidence indicates that pollution abatementost the United States $1.1 billion more over five
costs (PACs) do not have a large influence oryears. This estimate is based on the short- and me-
overall trade patterns, nor do they, on the wholedium-term costs of substituting irradiation treat-
induce industries to migrate overseas (19,74,80)ment for methyl bromide, and does not take into
Some sectors with relatively high PACs, such asccount any possible environmental benefits. Fer-
chemical manufacturers, may be disadvantageguson and Padula (26) estimate the economic
because of the kinds of pollution they producecosts of banning methyl bromide as a soil fumi-
and/or the kinds of regulations they face. Still,gant at $1 billion per year for producers and con-
such cost differences should be compared with theumers. Their estimate does not incorporate the
environmental benefits they create to determinelevelopment of substitute technologies before the
their benefit-cost consequences for the nation. ban that might lower costs. The regional distribu-
Whether agriculture is or will become a sectortion of costs are uneven, concentrating in the
with high PACs is, as suggested above, not cleasoutheastern states and California. Yarkin, et al.
Data are incomplete, and the provisions of futur€92) estimate that California walnut growers
environmental programs are unknown. Currentvould lose $9.9 million (or about 3 percent) of
environmental regulations, as discussed in chagheir gross returns in the short term from the
ter 4, do not engender large overall costs for agriphase-out. Long-run impacts again depend on the
culture that negatively affect trade. More likely, if development of substitute treatments, and wheth-
trade is adversely affected, it is because curremr other countries follow the ban. The impacts of
agroenvironmental programs predominantly useuch bans generally tend to moderate in the longer
subsidy approaches that do not conform to theun, as new technologies emerge to substitute for
PPP. For the United States, the magnitude of sulbhe restricted product.
sidies have been small to date, about 4 percent of Gauging impacts on future competitiveness re-
total product value, suggesting small overall ef-quires details on the nature of new conservation
fects on trade (76). However, those subsidies ar@nd environmental programs. The discussion of
not restricted in total by NAFTA or the URA, and agriculture’s broadening environmental agenda in
are growing. The largest subsidy programs—acrechapter 4 suggests that environmental manage-
age set-asides such as the Conservation Resenmvent costs could rise appreciably, in particular for
Program (CRP), which restrict production—aresectors that generate large amounts of very dam-
those most likely to interfere with agricultural aging wastes. Depending on the extent and nature
trade. of the management programs, U.S. agricultural
Although the overall effects may be negligible,competitiveness in world markets could be re-
specific sectors may suffer as the result of particuduced—a hazard for all sectors subject to increas-
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ing environmental compliance costs (80). Anytariff barriers. Pearson notes that some individuals
loss in trade profits, however, should be weighedn the trade community have historically re-
against environmental gains that accrue from theponded by advocating harmonization of stan-
program requirements. Although the results perdards whenever possible, to avoid barriers and re-
tain to an export competitor rather than to theduce the high costs of selling in markets that each
United States, analyses by Lueck and by Halleyave different standards for exporters to meet. De-
empirically estimate that under some potentialvices such as the Codex Alimentarius Commis-
European Union (EU) agricultural nitrate reduc-sion (which aims to harmonize global food and
tion and water quality programs, EU food produc-agricultural standards); GATT rules on health,
tion and trade could decline. (See chapter 6 for gafety, and other technical measures; and regional
more detailed discussion of this topic.) In such anrade groups like the EU have facilitated harmo-
instance, the United States could gain some of thaization. The potential benefits of harmonization
market—but it would have to consider all of theinclude minimizing the use of product standards
significant environmental effects stemming fromas trade barriers, as well as reducing the high costs
expanded production to ensure a net benefit.  of design, production, inventory, and information
required to sell in a variety of markets with differ-
TRADE AND ENVIRONMENTAL EFFECTS ent standards (58). The potential costs of harmo-
OF PRODUCT STANDARDS nization include less accommodation of coun-
National product standards relating to human, anitries’ individual preferences and abilities across
ma|1 or p|ant hea|th, and to the conservation Opountries to achieve the standards and the transac-
natural resources, can affect the ability of tradedion costs of negotiation (43). The balance be-
goods to enter foreign markets. Permissible pestfween benefits and costs will determine the incen-
cide residue levels, auto emissions technology rdives to harmonize any particular set of standards.
quirements, and other standards are intended to Harmonizing natural-environment-related pro-
treat the effects of using a product, whether of doduct standards may be more complicated than it is
mestic or foreign origin. Such standards may béor health and safety standards, because of coun-
used legally under WTO rulésy the United tries’ diverse natural resource and social condi-
States to regulate imported goods, or by foreigitions. Some environmental groups have in fact
countries to control U.S. exports—but they mustchallenged harmonization efforts, arguing they
be applied uniformly to the product in question,could lead the world’s trading nations (all of
whether imported or domestically produced, towhich have different incomes, environmental
avoid discrimination against foreign products.concerns, natural resource endowments, abilities
Thus, the WTO rules for product standards simulto assimilate pollution, and desired levels of
taneously protect U.S. agricultural exporters fronprotection) to adopt the lowest standards possible
unfair requirements in foreign markets and protector the sake of uniformity. Little systematic evi-
U.S. citizens against food, environmental, or othdence is available to analyze the potential for so-
er risks caused by imported goods. called downward harmonization. Esty, citing the
During the early 1970s, concern centered on th®lontreal Protocol’s effective upward harmoniza-
potential for product standards to serve as nortion for phasing out CFCs, argues that just the op-

2 gpecifically, article XX provides for two categories of general exceptions related to the environment. Article XX(b) allows exceptions for

measures “necessary to protect human, animal or plant life and health,” and article XX(g) permits exceptions for measures “relating to the con-
servation of exhaustible natural resources.” Any measures implemented under the exceptions must not be “applied in a manner which would
constitute a means of arbitrary or unjustifiable discrimination between countries where the same conditions prevail, or a disguised restriction on

international trade” (48).
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posite may occur (23). But the strength of upward The TBT agreement essentially defines the
harmonization forces will likely vary according to process for distinguishing legitimate uses of prod-
each specific environmental problem, and its pouct standards, technical regulations, and confor-

tential benefits and costs. mity assessment procedures from efforts to use
them as disguised barriers to trade. “The TBT
[0 New Product Standards Codes agreement addresses the development and ap-

The URA app_roved new codes f_orhealth and safeplication of mandatory and voluntary product
ty (called sanitary and phytosanitary, or S&P), andtandards which affect trade, and the procedures
for technical barriers to trade (TBT), both of ysed to determine whether a particular product
which address the question of product standardgpeets a standard” (48). For example, a measure
The S&P code permits a country to impose tradgequiring that foreign automobiles be equipped
measures to protect human, animal, or plantlife oith air pollution emissions equipment falls under
health from risks arising from the spread of pest¢he TBT code. Possible agriculture-related issues
and disease, and from additives or contaminanig,|jing under the TBT code include food-packag-
found in human food, beverages, or feedst%ffs.ing requirements for waste disposal purposes,

Key provisions c_)f_ the new agreement base_meq—ood product labeling, and definitions of the in-
sures on scientific principles; use international

- . redients and processes used in certain food prod-
standards as minimums where they exist (thug b P

achieving partial harmonization); preserve feder- ¢ts, such as "fresh” milk.
gp ) P . The TBT agreement ensures a URA signatory
al, state, and local governments’ rights to set their

preferred level of risk protection and standardsCountrys rights to protect human health or safety,

state a preference for least-trade-restrictive meanimal or plantlife or health, and the environment

sures; avoid disguised restrictions on trade; anf® legitimate objectives. Only environmental
measures related to product standards, however,

provide opportunities for governments to demon-
strate equivalency of protection from different@re covered. The TBT agreement does not, there-
measures (e.g., chemical versus nonchemicipre, cover most measures under the Clean Water

treatments) (48). Act, Clean Air Act, or similar legislation. Key

In negotiating the S&P agreement, the Uniteooroyisions pf th_e agreement include nondiscrimi-
States focused primarily on two food safety is-Nation against imports, measures that do not re-
sues: preventing foreign governments from usingtrict trade more than necessary, and measures that
false criteria to limit U.S. food exports, and ensur2re established in a more transparent way (48).
ing that high U.S. food safety standards could bd he agreement also promotes the use of interna-
maintained (48). However, the new S&P code offional standards where they exist, but preserves
fers the opportunity for the 123 signatory coun-the right of countries to enforce more stringent
tries to use product standards to protect their nattandards at the federal, state, or local levels if
ral environments as well. Although the S&P codethey choose. The latter provision also addresses
does not require signatories to adopt existing infears that use of international standards could
ternational standards as minimums, it improvesause downward harmonization of U.S. stan-
matters by integrating more science, requiringdards. (NAFTA also ensures that countries have
risk assessments, and permitting higher nationahe right to set higher standards and encourages
standards to avoid downward harmonization (67)upward harmonization.)

3+S&P measures include a wide range of health protection and food safety measures, such as: quarantine procedures; food processes and
production methods; meat slaughter and inspection rules; and procedures for the approval of food additives or for the establishment of pesticide
residue tolerances” (48).
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The principal thrust of the new S&P and TBT countries to use when planning to institute envi-
codes to be administered under the WTO is to reconmentally related product standards (23). As an
duce unijustified restriction of trade by productillustration, an initial GATT dispute panel ruled
standards. In that respect, they are directly applithat U.S. import restrictions against tuna caught
cable to agricultural trade, but concern food safetyppy Mexican fishermen were illegal, because the
more than natural environment issues. A wellenvironmental problem extended beyond U.S.
known case is the EU’s action to ban imports oborders. (See appendix Il.) However, a subsequent
beef raised with the aid of growth hormones. Thalispute panel requested by the EU did not find
prospects for more disputes of this kind are consuch extraterritoriality a violation of the GATT
siderable, given the URA provisions that reduceaules (48). Perhaps the diversity of findings and
other forms of border protection. Data detailinglack of central principles should not be surprising,
such actions related to agriculture have not beegiven the changing makeup of the panels and the
assembled systematically for the nation or for itdifferent specifics of each case. Nonetheless, the
trading partners. The sole recourse for judging th&nited States plans to raise the scope of article XX
extent and degree of potential trade restriction afexceptions related to the environment as a WTO
fecting agriculture—whether for food safety or for agenda item (48). Clarifying the scope will help
natural environment reasons—is extrapolatiorcountries to makes decisions on domestic and in-
from isolated cases. A recent survey of agriculturternational environmental issues. Also, the
al crops from the southern United States foundUnited States has urged the WTO to consider
that existing product standards (and environmenbroader representation on environmental dispute
tal regulations) do not significantly hinder the re-panels, and to make the hearings and decisions
gion’s competitiveness in international marketsmore accessible to the public.
with the exception of the forthcoming methyl bro-
mide ban discussed above (43). _ [0 Harmful Nonindigenous Species

The new codes also provide a mechanism angle e of nonindigenous species in U.S. agricul-
rules to address environmental protection througly,re has varied over time. Some introduced spe-
product standards. The rules place the burden @feg, including soybeans, wheat, and cattle, have
proof on the country imposing trade measures fofe|ped to create new agricultural industries, jobs,
environmental purposes, thus forcing the countryng wealth in the United States. But others have
to defend its action as an article XX exceptioncased widespread and continuing damage. An
(23). The crucial test for environmental issueSstimated 50 to 75 percent of major U.S. weeds are
comes in whether WTO panels will approve prodnonindigenous and cause extensive damage to
uct standards for environmental purposes, and ufyyblic and private lands; and 40 percent of the in-
der what conditions. Most cases relating to envisect pests afflicting agriculture and forestry (in-
ronmental matters that were brought before GAT Icluding Russian wheat aphids, European and
panels in the past were either deemed not applicasian Gypsy moths, and imported fire ants) are
ble to the exceptions code, or were not eligible fononindigeous as well (28,66).
treatment as exceptions (78). There is consequent- Also referred to as “exotic,” “alien,” “intro-
ly little evidence that the GATT processes havejuced,” or “non-native” species, such harmful
been an important venue for addressing trade-réronindigenous species (HNIS) have, in the past,
lated environmental risks. Moreover, the paneldeen accidently or deliberately introduced into the
that rule on such disputes have not included enviJnited States, sometimes through trade. The inva-
ronmental scientists in the past, and have operatesibns of knapweeds and cheatgrass/medusahead
in closed sessions. to western native rangelands and the introduction

A review of key environment-related casesof melaleuca, a fast- growing tree to dry out south
does not reveal a consistent set of principles foFlorida wetlands, are examples. Future expansion
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porated; and 3) the costs of certain losses to the en-
vironment, such as declines in recreational fish-
ing, were not always quantified. According to the
OTA assessment, much of the commercial dama-
ge is done to the agriculture and forestry indus-
tries. The environmental costs included declines
in indigenous species and transformations of eco-
logical communities and ecosystems. These envi-
ronmental damages are significant, and extend be-
yond agriculture and forestry to national parks and
other areas.

When the private parties or public agencies re-
sponsible for introducing HNIS are not responsi-
ble for paying such commercial and environmen-
tal damages, they will not be inclined to evaluate
new introductions for the potential harm they
might causéln those cases, the government may
play a role in regulating trade, to prevent the
introduction of HNIS. The S&P code is used for
HNIS cases. The code sanctions the use of quaran-
tines, for example, to minimize the chances that
A number obnoxious weeds have been spread through trade HNlS wil -enter a- (?OUﬂtl’y. The United States- has
causing commercial and environmental Q’amages, g invoked this provision on a number of occasions:

for example, to place restrictions on cut flowers
of agricultural trade will likely provide HNIS with from the Netherlands, and to ban seed potatoes
new avenues into the United States (79). Controlffom Canada and avocados from Mexico. Future
ling them at the border illustrates the product stanactions, however, may be viewed as nothing more
dard approach to dealing with possible environ-than protectionism, and open to challenge under
mental damages related to agriculture. WTO rules. GATT has rarely been used for such

The costs of HNIS can be significant. From challenges in the past, though, because, as stipu-
1906 to 1991, the cumulative economic damagdated in article XX and elsewhere, it upholds a na-
caused by 79 NIS organisms or species cases, leson’s right to establish its own rules and regula-
than 14 percent of the total invasions, was estitions regarding health and safety (which cover
mated at $97 billion (in 1991 dollars). HNIS agri- HNIS).
cultural weeds were not included. Estimates of fu- Preventing the introduction and spread of
ture damages from 15 very harmful animal andHNIS is an endeavor full of uncertainty and risk.
plant diseases range between $66 billion and $13&overnments must not only establish criteria and
billion (in 1991 dollars) (16). These estimates are,procedures for controlling introductions, but also
unfortunately, based on incomplete data, and alehoose control strategies once HNIS have been
most certainly underestimate the actual costs beintroduced. Further, governments must determine
cause 1) in many cases, damage estimates weaeceptable levels of environmental and human
unavailable; 2) some commercial costs, such asisk, set risk thresholds above which formal deci-
private control expenses, were infrequently incor-sionmaking approaches are invoked, and identify

‘Some states require the deposit of funds to pay expenses in case nonindigenous species cause damage or require public action.
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tradeoffs that may have undiscernible outcomeSHEEE "
(79). Despite the considerable uncertainty, a re= S —
view of selected economic studies shows that th
benefits of controlling HNIS exceed the costs, . R
usually by a large margin, with one exception SEEEEEE- LN
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after the pest has become widespread.
The key policy question relating to agricultural

trade is whether to upgrade standards for screerl- =

ing imports. The OTA study cited above con- Ll HE

cludes that “perfect screening, detection, and con

trol are technically impossible and will remain so o _ ' _

for the foreseeable future® (79). Aiming for ajrors o canerces Jegt aley e et of

“zero entry” standard would not only be prOhibi- environment throughout the country instead of just U.S. porfs

tively expensive, but unrealistic. Setting stana entry

dards that are too high may unduly restrict trade,

Sh“tI.OUt QEIprI N(;S ar;]d_lead other gomgntrlas ©attempted to halt the transmission of foot and

retaliate by upgrading their own standards. How-p, " gisease between Mexico and the United

ever, setting product standards that are too lax e States, as well as the invasion of the zebra mussel

poses agriculture, other industries, and natura :
areas to the possibility of severe damage. A strate'g the Géeat L:kesb:)etween Canarl]da anbd the dUnlted y
gy of targeting agricuitural crops and environmen-States. Considerable resources have been devote

tal systems at greatest risk from HNIS might, info coordinating pest prevention approaches with

this context, be the most effective way to deal withéach country. NAFTA, in a vein similar to that of
the problem. the URA, affirms members’ rights to maintain

As previous|y mentioned, the new URA prod_ “.the level of pr_otection Of human, animal or plant
uct standard provisions stipulate that membeffé or health in the territory of a party that the
countries must base their S&P measures on inParty considers appropriate”; it requires that such
ternational standards (if they exist), and harmonJneasures be based on both scientific principles
ization of standards is encouraged. The OTA asand risk assessment; it notes that in establishing
sessment concludes that “complete harmonizatiof€ir levels of protection, members “should take
of pest risk standards is probably not achievableinto account the objective of minimizing negative
although agreeing on analytical processes mayrade effects”; and it encourages harmonization of
be” (79). Resolving scientifically complex issues standards where appropriate, but discourages
of this sort through WTO panels will require ex- downward harmonization. It also made criteria for
pert environmental science input. defending challenges to product standards more

As the United States embarks on expandedeferential to environmental measures and gave
trade relations with Mexico and Canada throughmore access to environmental expertise for dis-
NAFTA, new HNIS cases in North America will pute panels than previous GATT or new WTO
likely grow. For example, Mexico has recently rules (21). The agreement does not directly ad-
changed its regulations affecting imported Cana-dress the problem of HNIS, but it does establish a
dian and U.S. Christmas trees-ostensibly tdCcommittee on Sanitary and Phytosanitary Mea-
screen for gypsy moth infestations. However, itsures that is charged with improving health and
does not apparently have a clear scientific basisafety conditions throughout North America. A
for doing so. Previous bilateral agreements havesubcommittee devoted exclusively to HNIS
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might help to improve those conditions yet fur-not expected to be significant (save for the effect
ther. of HNIS, which has already been detailed), and
are not discussed.

DOMESTIC ENVIRONMENTAL EFFECTS
OF AGRICULTURAL TRADE [J Structural and Technology Effects
LIBERALIZATION AND EXPANSION Farmers’ decisions about what kinds of crops to

The potential environmental effects of changes idrow; where to grow them; and how to combine
trade or trade policy have been described and catnd, water, and other resources to produce their
gorized in myriad ways. Grossman and Kruegeproducts all have environmental consequences.
sort them into scale, product composition, and-0r €xample, in response to larger markets over-
technique (i.e., production technology) categoS€as, a farmer may use more land to grow certain
ries. Runge (65) expands that set to include effec§OPS, Or use land more intensively—that is, by
from general improvements in resource use caudlling more pasture or prairie, or applying more
ing less waste and from improved (environmenj‘ertlllzers or pesticides. Conversely, farmers who
tal) policy. Building on these concepts, the OECDhave been protected from foreign competition by
recommends national governments conduct riffs, quotas, or other trade barriers may change
comprehensive review of the effects that traddh€ kinds of crops they plant and the way they
measures or agreements might have on the em@fow them if, as a result of trade liberalization,

ronment. The review covers five categories (52)they are faced with more foreign competition. De-
h pending on how the land is used after the trade re-

strictions are removed, stress on the environment
could increase or decrease.

The environmental effects of a farmer’s deci-
sions will depend on what combination of choices
he or she makes with regard to particular re-
sources. For instance, the amount of water runoff
. . . or chemical leaching that results from producing
3. Scale effectswhich are asso_c!ate_d with the corn depends on whether the corn is planted on

overall level of economic activity induced by steep uplands or on sandy, permeable lowland

changes in trade f'OV.VS and the implications forsoils that overlie shallow groundwater susceptible
environmental pollution and cleanup;

4. Requlat . hich ted with to chemical leaching. Some environmental conse-
- Regulatory effecfsvhich are associated wi quences, such as erosion runoff and muddy

legal or policy effects of a trade measure Orstreams, are obvious locally, but cannot be easily

agreement on environmental regulations, StNraced further downstream. Others, such as
dards, subsidies, or other programs; and ’

5 Product eff hich ated with th groundwater contamination or wildlife effects
- rroduct € ectswhich are associated with the .43 papitat changes, may not be completely re-
export or import (but not production) of specif-

. ) -~ vealed for some time.

ic products Fhat can harm or improve environ- The shifts in agricultural trade caused by NAF-

mental quality. TA and the URA will determine the size, location,

The following analysis uses the OECD terms taand nature of such new strains on the environ-
examine the effects that expanded and liberalizechent. The U.S. Department of Agriculture
agricultural trade might have on the U.S. environ{USDA) estimates that expected increases in pro-
ment. The structural and technology categoriegluction related to the agreements are relatively
are combined to capture the shifts in crops andmall, ranging from a low of about 1.5 percent of
livestock enterprises with their closely tied pro-acres planted in major crops in the year 2000 to a
duction technologies. Major product effects arehigh of approximately 3 percent in 2005 (85).

1. Structural effectswhich are associated wit
changes in the patterns of (micro or firm-level)
economic activity (e.g., includes improved
farm resource use);

2. Technology effectsvhich are associated with
changes in physical, biological, or other proc-
esses or production methods;
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Crop-specific estimates indicate that wheatmatterimprovementin, the environment. The low
acreage increases by 5 to 8 percent, coarse grginojected erosion rates result from a combination
acreage by 1 to 2 percent, soybean acreage by 3db cropland returning to production under con-
4 percent, and cotton acreage by 2 to 5 perceservation tillage techniques; the retention of the
(compared with what the situation would be with-most erosive lands in the CRP; wheat production
out the agreements). Land that currently remaintechnology, which causes less erosion than the
“idle” under government supply control programsproduction technologies used for some of the
would likely meet the additional export demandscrops it is projected to replace (59); and other
in 2000 and probably up to 2005, although itchanges. The larger agricultural export estimates
would mean some increase in erosion and othdor 2005 would, it is assumed, have larger effects
environmental damage. Another set of estimatesn the nation and various regions, but would prob-
by the International Trade Commission (ITC)ably not increase any environmental measures by
shows smaller net production increases. (90) (Semore than 3 percent. These findings are consistent
chapter 3.). with general assessments of the environmental ef-
Looking at these overall changes is, howeverfects of trade and trade liberalization (51) and for
merely a starting point. To project the possible enether countries (e.g., 61).
vironmental effects of expanding agricultural
trade, it is necessary to examine specific changeommaodity Program Influences
in production and in the means of production (i.e.For the OTA analysis conducted by Texas A&M
production technologies). OTA contracted withresearchers, it was assumed that agricultural com-
researchers at Texas A&M University to analyzemodity programs would operate as they do now
what regional shifts in agricultural production because the URA did not mandate change for the
would occur, and what possible environmentaimost part. The URA establishes a ceiling and re-
stresses would result, from projections of expandduction schedule for total domestic agricultural
ed agricultural trade under NAFTA and the URAsupport (which the United States has already met),
(44). The analysis assumed that the current conexempts deficiency payments from the ceiling and
modity programs continued with Acreage Reduc+eduction calculations, and preserves the United
tion Program (ARP) levels at 1990 levels of abouSStates’ authority to make commodity specific
27 million acres; that commodity program basepayments and acreage set-asides.
flexibility remained at 15 percent of enrolled com-  Even though the URA did not effectively re-
modity program acres; and that 10 million acresorm commodity programs, budget pressures and
of the most highly erodible land in the Conserva-other forces will likely lead to further changes in
tion Reserve Program (CRP) were kept out othem. Assuming that there will be additional re-
production. form, what type of environmental effects might
Estimates show that overall cropland use risefollow? Basically, how the crops, livestock, and
less than 1 percent by the year 2000 under thiaeir production technologies spread across the
higher USDA export projections with the URA natural resource base determine what happens to
and NAFTA. The enlarged cropland base fromthe environment (5). Much depends on the precise
CRP lands returning to production, coupled withnature of any reform—for example, whether in-
average technology improvements, nearly offsetome and price supports are eliminated or just
the rise in net export demand. None of the majotdecoupled” from particular crops and production
environmental measures showed changes of motevels, and whether land set-asides continue. Also
than 1 percent and some even declined (fopertinent are assumptions about how competing
instance, water use and phosphorus). Overall, thexporters may reform their programs, and how
combination of changes in crops and technologyhose reforms might affect world markets and
when spread across all farmland, was not estprice levels. For example, if all WTO countries si-
mated to cause significant damage to, or for thatnultaneously removed subsidies that encourage
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domestic overproduction, world prices would riseeffect on production. (See chapter 6.) Kuch and
significantly in the short term as global suppliesReichelderfer stress that the extent of environ-
fell. In the longer term, other sources of supplymental impacts depends largely on the kinds of en-
(e.g., developing countries) could appear andironmental programs in place after agricultural
make markets stable again—at prices that woulgrograms are reformed. A separate assessment ar-
be higher than what they are now, but lower thamives at the same conclusion (50).
what they would be during the initial short-run  Because current studies of program reform do
surge. not fully describe long-term adjustments, overall
Investigations of the environmental effects ofestimates of environmental improvement are
reforming agricultural support programs haveprobably lower than they need be. (Flexible, cost-
taken place on the international, national, and reeffective environmental programs might, for
gional levels. It is important to consider that theinstance, induce farmers to change their produc-
science and data to describe the production-enviion methods, and so further reduce impacts on the
ronment relationships at ecosystem levels simplgnvironment.) (See chapter 4.) Some analyses
do notexist, and so precise calculations are imposrave indeed indicated that pollution could be re-
sible to maké&. Nonetheless, results from all lev- gyced more over the longer term (1). The overall
els provide largely consistent and corroborativgmpjications for global environmental conditions
results. (See appendix I.) Generally, multilateralyre ot clear, but are likely to be positive, because
reform of commodity programs—by lowering or here will probably be less chemical use in devel-
decoupling price subsidies and by reducing landyeq countries, and some livestock production
set-asides—would likely ~decrease ~chemicalyi move to developing countries (thus reducing
pollution and many other stresses on domestic efgner concentrations of livestock in the devel-

vironmental resources, such as water Withdrawalgped countriesy.However, that positive outcome
for irrigation. Although the analyses focus on re'depends on the developing countries’ abilities to

forms in prior years, the findings are still reIevant{ranslate increased income from trade gains into
because the basic structure of U.S. commodit ore effective environmental protectidnAt

programs has remained unchanged. Kuch and R east one negative domestic environmental effect
ichelderfer (37) note that the potential environ-. g

mental effects of reform will likely be limited in is forecast: erosion rises as land that had been idle

industrialized countries. Moreover, agriculturalunder the ARP or CRP is planted.

program payment levels in industrialized coun-

tries have been decreasing, which implies that ledgport Liberalization

environmental change will occur if support is NAFTA and the URA also reduce some U.S. trade
withdrawn because the programs are exerting ledsarriers against foreign agricultural products, thus

5 Fairly complete data on the production of crops and livestock and the use of fertilizers, energy, and other inputs by major U.S. regions are
recorded each year by USDA, which separately collects data describing the condition of natural resources used in agriculture (82, 87). However,
data that describe existing agricultural production technologies and crops and how they relate to the environment are not collected on a compre-
hensive basis, perhaps owing to the size and cost of the task. Without that information, unfortunately, precise estimates of the environmental
effects of expanding agricultural trade across ecosystems are not possible.

6Anderson (2) explains that production patterns and technologies in developing countries rely relatively more on extensive land use for
growing crops and livestock, and less on increased fertilizers and pesticides, than in developed countries. As a result, production shifts under
policy reform would be expected to put relatively more pressure on the land resources in developing countries and less on chemical use in
developed countries.

7 There is doubt that developing countries can design and implement effective environmental programs to ameliorate significant problems
in the event of full agricultural trade liberalization, especially in the short term (42).
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increasing market access for imports. Currently,
several kinds of U.S. agricultural products are still
protected from foreign competition, including
sugar, dairy products, and peanuts. Generaly, in
such cases, domestic production (and land use)
expands to fill domestic demand, and producers
receive more for their products than they could if
they faced unsubsidized foreign competition. If
protected sectors are not subject to effective envi-
ronmental programs, they may use more

tected sectors do, simply because they are larger.
But protected sectors earn high “pure’ profits
(profitsin excess of all production costs) and can
invest in developing technologies to retain their
profit position.’That is, if they are required to
meet certain environmental standards, they may
do it at alower cost than they could when faced
with more competition.

Box 5-1 explains how the south Florida sugar
cane industry, which has benefited for decades

"unpriced”  environmental resources than unpro-  from protectionist policies, may be able to devel-

BOX 5-1: Agricultural Production and Environmental Linkages in South Florida—

Sugar’s Connection to the Everglades*

The environmental problems facing the Florida's Kissimmee-Okeechobee-Everglades watershed
(69) center on three major issues:

1. Water Quantity, Distribution, and Timing —How much water goes where, when, and how is it dis-
tributed?

2. Water Quality —How “clean” should the water be, and what is the best way to make it clean?

3. Cost —Who pays the bill?

As a result of the current water management system, the remaining Everglades natural areas receive
about half as much water, and about 200 tons more phosphorus, than they originally did (69) The
drainage and flood control system constructed to aid urban, agricultural, and other developments has
not only heavily contributed to present environmental conditions, but has also defined how land will be
used. Agriculture has taken over a large amount of the drained land (about a half million acres of former
custard apple swamp and marsh) As a result, agriculture will figure prominently in any solution to the
area’s environmental problems

Since 1988, Florida, working with federal agencies, has developed an environmental Improvement
plan for the Everglades Passed in 1994, the Everglades Forever Act (EFA) defines a plan to

begin restoring a significant portion of the remaining two-million-acre Everglades ecosystem by reducing the
amount of phosphorus-enriched agricultural stormwater entering the system, improving the quantity and dis-

tribution of freshwater, and setting deadlines to achieve these objectives (70).

EFA also creates funding mechanisms that address all three of the issues raised above In addition,
it establishes mechanisms to control harmful nonindigenous species (HNIS), even though problems
with HNIS are not linked directly to Everglades agriculture.

For agriculture specifically, EFA has several important implications More than 40,000 acres of man-
made filtering wetlands, called stormwater treatment areas (STAs), will be created in the Everglades
Agricultural Area (EAA). The STAs are designed to reduce the amount of phosphorus in stormwater
runoff before the stormwater enters Everglades and Water Conservation Areas, and to improve the Ev-

erglades hydroperiod. Specifically, the interim water quality target is 50 parts of phosphorus per billion,
(continued)

‘Whether allowing a sector to earn pure profits (and essentialy granting it associated research and development advantages) reflects the

most appropriate use of those funds remains an open public policy question.
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BOX 5-1 (Cont'd.): Agricultural Production and Environmental Linkages in South Florida—

Sugar’s Connection to the Everglades*

and the amount of water flow I1s estimated to increase by 28 percent and lengthen the duration of flow.
After the interim measures have been implemented, a scientific process will be used to determine the
final targets for water quality

The question of who pays how much is also addressed Sugar and vegetable growers must pay
about $25 per acre per year in the form of an “agricultural privilege tax” over the next 20 years to
construct the STAs If further pollution control measures are required to reach the final targets, the cost
could rise to $35 per acre from 2006 to 2113 under assumed conditions (60) Vegetable growers are not
subject to the potential Increase. When the STAs are completed, EAA growers will pay $10 per acre for
operation and maintenance costs, while farmers operating outside the EAA but in the area will pay
about $2 per acre Supplemental funding will be collected from public sources such as highway tolls

EFA also requires all farmers in the area to develop and implement innovative best management
practices (BMPs) to reduce all pollutants flowing into runoff waters Since these BMPs are not in place,
the true costs are not known. Current estimates are $1 per acre to achieve the minimum 25-percent
reduction in phosphorus emissions (which will obviate the need for the $10 tax Increase) The estimates
rise to about $25 per acre for a 45-percent reduction (91) Florida sugar growers were estimated to
have received an average of about $230 of pure economic profit or rent per acre from 1986 to 1990
(69) Future profits are projected to decline slightly from the $230 level The total tax and BMP charge
would reduce pure profits to about $200 per year for the 20-year construction period Converting the
taxes and BMP costs to a per- pound of sugar basis (based on 1986-90 yields) implies that the charges
constitute a O 5 cent increase per pound, or just over 2 percent of average price of sugar over the same
period.

These figures reveal that, on the whole, sugar growers have ample capacity to absorb the environ-
mental charges, Gwen their large pure profits, sugar growers have resources to develop innovative
technology to reduce the BMP costs even further, assuming that flexible environmental policies prevail
Sugar production appears to be an economic fact of life under current market conditions and given the
relatively low-cost south Florida production technology---despite the fact that large federal subsidies
were used to develop that efficient technology Trade liberalization will not likely displace Florida’s sugar
industry, although it may reduce its size.

Environmental restoration of the Everglades must proceed with these realities in mind What should
be the sugar industry’s role in that restoration process? Under the EFA environmental targets, the aver-
age costs imposed on sugar producers take only a small portion of their pure economic profit Achiev-
ing environmental restoration beyond the current EFA targets—by reducing the area of sugar produc-
tion—would be expensive in two respects. First, taking land out of production will be costly as
evidenced by the large pure profits and land values. However, removing the sugar program protection
will lower the land values and therefore lower land acquisition costs Second, unless some mechanism
can be found to allow the lands to revert to natural conditions, alternative land uses may do more envi-
ronmental damage. Data often reveal that using land for urban and industrial purposes generates much
greater pollution per unit area, Assuming that the elimination of domestic sugar subsidies releases
some land from sugar production, it does not follow that environmental conditions will Improve automati-
cally, That determination depends on how the land is ultimately used and the environmental rules under
which it will be used,

* Material in this section was drawn from a contractor report prepared for OTA by Rand Snell and William Boggess “Water,Agricul-
tural, and Environmental Policy Issues in South Florida, " June 1994
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op cost-effective technologies to meet high envi{73). Certain areas where protected crops domi-
ronmental standards (69)Also explained is the nate and significantly affect the environment may
notion that the ultimate environmental effects ofundergo considerable change over the longer-term
any land leaving sugar production depends on thes pressure for further liberalization grows.
applicable environmental policies. In south Flori- Again, it is obvious that emphasis must be placed
da, either vegetable farms or residential developon identifying regional pockets where the envi-
ments may do more harm than existing sugar praopnment will be greatly stressed, and on targeting

duction (69). It is crucial to note that thesethese areas with appropriate agroenvironmental
findings do not support the use of protectionism tayograms.

improve the environment. Indeed, open competi-
tion between domestic and foreign producers i?]
conducive to achieving long-run economic and Regulatory Effects
environmental benefits. However, the case studyhe nature of the environmental effects that result
indicates how difficult it can be to devise effectivefrom expanded and liberalized agricultural trade
environmental policies when dealing with an his-depends not only on the magnitude and types of
torically and economically anomalous situation.changes in production, but also on domestic envi-
If Florida’s sugar growers had always faced comronmental policy—more specifically, on the way
petition, then effective environmental programs,governments manage or change their environ-
and public research targeted to complementargnental programs due to the trade measure or
technologies, would likely have benefited societyagreement.
more than the growers’ current efforts at environ-  The possible return of idled acres to production
mental cleanup do. The messages from chapterdemonstrates once more that domestic environ-
and from this case are the same: the nature @fental programs ultimately dictate the conse-
agroenvironmental management programs is thguences of trade expansion. The basic problem is
most critical element to determining environmen-that comprehensive, effective policies do not cov-
tal quality. er areas facing significant risks of environmental
Overall, import liberalization resulting from damage. Can current domestic environmental
the URA will probably exert a limited effectin the programs effectively treat any pockets of stress or
near-term due to ambiguous rules governing thether large problems, such as invasive HNIS,
process (67). Some measures were included tithout significantly interfering with trade flows?
guard against foot-dragging by importing coun-Cost-effective management programs can induce
tries reluctant to open their markets, howevertechnological changes over time, such as im-
there are no guarantees of improved market accepsoved conservation tillage practices, better soil

9 Popular belief dictates that protected (and less than fully competitive) industries are likely to be less vigorous in reducing cost than other
industries. The Florida sugar industry’s declining production and processing cost structure do not support that notion. The incentive to continue
earning, and even to enlarge, their pure economic profits, coupled with the large capital base aff