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I Executive Summary

Nonpoint source (NPS) pollution originates from many diffuse sources, caused by
precipitation or irrigation transporting pollutants from land into surface and groundwater.
Agriculture is a significant contributor to NPS pollution, and the contamination of waterbodies
with agricultural pollutants including nutrients, pesticides, and sediments has caused major
environmental, health, and economic effects globally. Due to its diffuse nature, identifying and
controlling sources of NPS pollution is challenging. In the U.S., efforts to address NPS pollution
primarily focus on incentivizing farmers to adopt voluntary pollution control measures.
However, the U.S. could benefit from examining approaches used by other countries to
strengthen its policies and programs. This project compares strategies to address NPS pollution
in the U.S. with those used in several countries from different regions of the world and highlights
international approaches that could be adopted in the U.S. Key recommendations for the U.S.
include 1) expanding precautionary regulations on nutrient management and pollution control at
the state-level, 2) piloting outcomes-based incentives for agricultural pollutant load reductions,
3) granting greater regulatory authority to interstate river basin commissions over water quality

and permitting, and 4) improving methodologies and models for estimating load reductions.



I1I. Introduction

Nonpoint source pollution (NPS) refers to pollution originating from many diffuse
sources, caused by precipitation or snowmelt transporting pollutants from land into surface and
groundwaters.! A significant source of NPS pollution is agricultural land, where runoff and
groundwater leakage carry fertilizers, herbicides, and pesticides applied to crops, sediments from
eroded soils, and nutrients and bacteria from livestock manure into waterbodies.? Once they enter
waterbodies, these pollutants can threaten the safety of drinking water supplies, harm aquatic
life, and affect recreational uses such as swimming and fishing.? Loss of sediments and nutrients
over time also leads to soil degradation and a reduction in arable land for crop production.*

In the U.S., agricultural runoff is the main source of water quality impairments in rivers
and streams, the third largest source in lakes, and the second largest source in wetlands.® Nutrient
pollution is the most widespread water quality impairment facing waterbodies in the U.S.¢ High
levels of nitrogen and phosphorus originating from fertilizer and manure stimulate the growth of
harmful algae blooms that deplete oxygen supplies for other aquatic life. According to the U.S.
EPA’s 2018-2019 National Rivers and Streams Assessment, 46% of rivers and streams have
excess nutrients, 21% of lakes have high levels of algae growth, and 21% of coastal waters have
high nutrient levels.” Bacteria levels exceed recreational benchmarks in 20% of river and stream

miles, and streambed sediments are also in poor condition in 20% of river and stream miles.®
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Agricultural NPS pollution has caused major environmental, health, and economic effects
around the country. Agriculture is the largest source of nitrogen pollution and a major source of
phosphorus pollution to the Chesapeake Bay,” where excess nutrients have fueled algal blooms,
dead zones, and spikes in bacteria levels and resulted in over $4 billion in losses from declines in
oyster populations over the last four decades.!? Nutrients from agricultural runoff flowing from
the Mississippi River and its tributaries cause an annually recurring dead zone in the Gulf of
Mexico that is estimated to cost U.S. seafood and tourism industries $82 million a year.!! An
analysis by the Environmental Working Group found that nitrate contamination of groundwater
worsened between 2003 and 2017 in agriculture-heavy states including Illinois, lowa, Kansas,
Maryland and Nebraska.!? Nitrate contamination originates from fertilizer and manure
application, and studies show contamination of drinking water with even low levels of nitrates
can cause increased risk of certain types of cancers, thyroid disease, and birth defects.!?

These impacts are not limited to the U.S. Studies estimate that NPS pollution from
agriculture affects 30-50% of surface waters worldwide.!* In Australia, nutrient runoff from
sugarcane production is the largest threat to the Great Barrier Reef after climate change,!® and
runoff of sediments, pesticides, and herbicides pose additional threats to reef ecosystems.!® The

Yangtze River in China faces high levels of nutrient pollution due to runoff (and direct
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discharge) of manure,!” presenting a health risk to the nearly 600 million people who rely on the
river as their main water source.'® In the EU, 36% of river monitoring stations exhibited
eutrophication from over-enrichment of nutrients between 2016-2019,'” and NPS pollution from
agriculture affected 19% of total groundwater area, according to a 2022 assessment.?’

Due to its diffuse nature, NPS pollution is challenging to regulate. Rather than originating
from a single source where discharge can be controlled, nonpoint pollutant loads entering
waterbodies originate from multiple sources and vary depending on precipitation, seasonal
weather patterns, and land use practices.?! In addition to agriculture, NPS pollution can occur
from urban runoff, roads and highways, faulty septic systems, and mining activities.?? Because
NPS pollution originates from multiple, widely dispersed sources within a watershed, it is
difficult to identify polluters and to measure and control pollutant loads.

As a result of these challenges, most strategies to address NPS pollution in the U.S. focus
on incentivizing agricultural producers to adopt voluntary pollution control measures.?® Yet as
the U.S. continues to face environmental damage, public health threats, and economic damage
from agricultural NPS pollution, stronger action is needed to restore water quality and prevent
further impairment. The U.S. may be able to look to other countries for innovative approaches at

the federal or state-level. The main objectives of this project are therefore to:
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1) Inventory policies and programs to address agricultural NPS pollution within the U.S.
and across countries from different regions around the world,

2) Identify similarities and differences between countries’ approaches to addressing
agricultural NPS pollution; and

3) Determine which, if any, approaches from other countries have not been tried in the U.S.

and could fit into current U.S. legal frameworks and governance structures.

I11. Methods

This project compiles programs and policies employed at the federal and state-level in the
U.S. to address agricultural NPS pollution, although the focus is mainly on the federal level.
Municipal or local approaches are not included. These programs and policies are grouped into
overarching strategies, such as regulation or the provision of technical and financial assistance
for implementing pollution control measures. The goal of this first step is to identify the range of
approaches to address agricultural NPS pollution that have been tried in the U.S.

The project then compiles programs and policies—grouped into overarching strategies—
addressing agricultural NPS pollution across seven countries (Australia, Brazil, Canada, China,
Japan, South Africa, and the United Kingdom) and the European Union. The focus is primarily
on national or federal-level programs and policies, although prominent state-level programs and
policies are included for some countries. The goal of this step is to determine a range of
approaches that have been tried across a variety of regions around the world. Some countries
were also selected because they have federalist systems of governance similar to the U.S., where
power is divided between a central government and state or provincial governments. Strategies,

programs, and policies are then compared across countries, with the objective of identifying



approaches from other countries that have not been employed in the U.S. and which could be
implemented under current U.S. legal and governance systems.

Data collection for this project relies on both primary and secondary sources. Primary
sources include the official text of laws or regulations, planning documents authored by
government agencies, and government websites describing programs or policies. Secondary
sources include articles from peer-reviewed academic journals and reports from non-profit

organizations or academic institutions.

IV.  Strategies to Address Agricultural NPS Pollution in the U.S.

Policies and programs to address agricultural NPS pollution in the U.S. are grouped into five

overarching strategies (presented in Table 1 of the Appendix):
Basin-scale planning

The U.S. does not directly regulate NPS pollution at the federal level through permitting
or discharge limits. Under Section 303 of the Clean Water Act, states must establish ambient
water quality standards sufficient to protect designated uses (i.e. drinking water, industrial use,
recreation, etc.) of water bodies.?* States must identify water bodies that do not meet these
standards and develop total maximum daily loads (TMDLs) specifying the maximum amount of
pollutants that a water body can receive while attaining water quality standards.?> TMDLs
specify necessary pollutant reductions across point and nonpoint sources within a watershed and
guide watershed implementation plans outlining pollution control measures.?® TMDLs may be

achieved through technological upgrades at wastewater treatment plants and revisions to

24 “Clean Water Act and Pollutant Total Maximum Daily Loads (TMDLs),” Congressional Research Service, 2014.
25 “Clean Water Act.”
26 «“Clean Water Act.”



National Pollutant Discharge Elimination System (NPDES) permits for point sources.?’
However, NPDES permits are not required for nonpoint sources under the Clean Water Act, and
states are not required to set enforceable regulatory limits on NPS pollution to achieve TMDLs.?
In most cases, water quality standards and TMDLs are set by state environmental
agencies. In a few cases, Congress has approved federal-interstate compacts establishing river
basin commissions that jointly manage shared water resources in basins crossing state
boundaries. Some of these, such as the Delaware River Basin Commission, have regulatory
authority to set water quality standards and TMDLs for river basins.?” Commissions may also
coordinate water quality monitoring and data collection and develop basin plans that inform

state-level permitting decisions and activities to reduce pollutant loads.
Regulation

While agricultural NPS pollution is generally exempt from federal regulation, an
exception pertains to concentrated animal feeding operations (CAFOs), which are classified as
point sources under the Clean Water Act and must obtain NPDES permits when they discharge
into water bodies.’* CAFOs with NPDES permits must develop nutrient management plans
(NMPs) for the land application of manure, including the amount, timing, and placement of
manure based on soil conditions and crop nutrient needs.’! However, many CAFOs are not

permitted under the NPDES program because runoff may qualify as “agricultural stormwater
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discharge” when manure is applied according to specific nutrient management practices.? Under
this exemption, many CAFOs are not required to obtain NPDES permits.

Beyond the federal level, some states have introduced additional regulations to reduce
agricultural NPS pollution. Several states mandate the development of NMPs. States including
Virginia, lowa, and South Carolina require animal feeding operations to develop NMPs
regardless of NPDES permitting status.** Other states require NMPs for other agricultural
practices beyond animal feeding operations, such as requiring that NMPs be developed by
farmers who are above certain income or property-size thresholds or who are in areas with water
quality impairments from nutrients and sediment.*> Eighteen states require commercial and, in
some cases, private applicators of fertilizers to be trained and certified in nutrient management
practices, including how to determine application rates based on soil conditions and crop nutrient
needs, sample soils, and properly store fertilizer.*¢

Some states more directly restrict nutrient application during certain weather conditions
including when soils are frozen or saturated or heavy rain is expected, during certain times of the
year, in certain areas close to water bodies, or in parts of the state with impaired water quality.’’
However, many of these restrictions only apply to manure application but not synthetic fertilizer.
Additionally, some states require buffer zones protecting vegetated areas near water bodies. For

instance, North Carolina requires riparian buffers in certain basins to prevent nutrients from
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reaching estuaries and downstream lakes.*® Virginia and Maryland require 100-foot buffers in

tidal wetlands and tributary streams draining to the Chesapeake Bay.>”
Technical and financial assistance

Rather than directly regulating pollutant loads from agricultural operations, the U.S.
primarily addresses NPS pollution by providing technical and financial assistance to incentivize
farmers to voluntarily adopt practices that reduce pollutant loads. At the federal level, the
USDA’s Natural Resource Conservation Service (NRCS) offers free technical assistance to
farmers and funding for eligible conservation practices through the Environmental Quality
Incentives Program and the Conservation Stewardship Program.*° Eligible practices to reduce
NPS pollution include managing the timing and amount of nutrients applied to land, planting
cover crops to absorb excess nutrients and prevent erosion, practicing conservation tillage to

reduce nutrient loss from runoff, and establishing riparian buffer strips along water bodies.*!

The U.S. EPA also provides several grant and loan programs to help states implement
NPS pollution management programs. Under Section 319 of the Clean Water Act, the U.S. EPA
provides grants to states, territories and tribes to fund technical and financial assistance
programs, education, new technology, demonstration projects, and water quality monitoring to

address NPS pollution.*> The EPA’s Clean Water State Revolving Funds program and the Water

38 “Riparian Buffer Protection Program,” North Carolina Department of Environmental Quality, accessed April 14, 2026.
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Infrastructure Finance and Innovation Act program also provide loans to states and tribes to
implement NPS pollution management activities.*

Many states additionally offer cost-share funding, technical assistance, and tools to
support farmers in developing NMPs and implementing agricultural best management practices
(BMPs) to reduce runoff of nutrients, pesticides, and other pollutants.** States including
Wisconsin, Minnesota, Ohio, and Michigan provide forecasting tools to help farmers determine
optimal times to apply nutrients to minimize risk of runoff.*> Some states also offer tax credits to
farmers that implement NPS pollution reduction measures. Virginia provides tax credits for
implementing agricultural BMPs, as well as for purchasing equipment that can achieve more
precise pesticide and fertilizer application.*® Wisconsin offers tax credits to farmers that meet the

state’s soil and water conservation standards, which include practices to control NPS pollution.’
Conservation easements

Conservation easements that limit land uses are also used as a tool to reduce agricultural
NPS pollution and restore degraded habitats. The Conservation Reserve Program (CRP),
managed by the USDA Farm Service Agency, provides annual payments and cost-share funding
to farmers that enroll in easements to remove land from agricultural production and restore
native vegetation such as grasses, trees, and riparian buffers that reduce soil erosion, decrease

runoff, and enhance water filtration.*® Additionally, Wetland Reserve Easements (part of the

43 “About the Clean Water State Revolving Fund (CWSRF),” U.S. Environmental Protection Agency, 2026; “Water
Infrastructure Finance and Innovation Act Program,” U.S. Environmental Protection Agency, 2026.
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NRCS’s Agricultural Conservation Easement Program) help farmers restore wetlands that have

been degraded by agricultural practices through long-term and permanent easements.*
Water quality markets

At least fourteen states allow point sources to meet their nutrient discharge limits by
buying water quality credits from nonpoint sources in the same watershed, including farmers that
implement agricultural BMPs to reduce NPS pollution.’® Because of the difficulty in measuring
nutrient reductions from nonpoint sources, some of these states have higher trade ratios for point-
nonpoint trades, requiring point sources to obtain a larger number of credits to offset a given
nutrient reduction from a nonpoint source than it would need when trading with another point
source.’! Water quality trading between point and nonpoint sources has been fairly limited due to
the challenge of verifying NPS pollution reductions to generate a stream of credits and few

incentives for nonpoint sources to participate in water quality markets.>?

V. International Strategies to Address Agricultural NPS Pollution

Policies and programs from other countries are grouped into six overarching strategies (presented

in Table 2 of the Appendix):
Basin-scale planning

All countries included in this study use some form of basin-scale planning to set water

quality goals and guide pollutant reduction measures accordingly. The central governments of

49 «Agricultural Conservation Easement Program (ACEP),” Natural Resource Conservation Service, U.S. Department of
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Brazil, China, Japan, South Africa, the UK, and the EU mandate the development of river basin
management plans in major river basins across the country (or countries in the EU’s case). These
plans may be developed by the national or central government, state or provincial governments,
local governments, and/or designated river basin authorities. In most countries, basin plans are
reviewed every few years to reflect changing conditions and address emerging problems. In
addition to requiring basin management plans, Japan’s Law Concerning Special Measures for
Conservation of Lake Water Quality also requires prefectural (state) governments to develop
action plans to restore water quality in designated lakes facing impairments.>® These plans
include measures to treat wastewater from farmland and preserve vegetation to filter pollutants.>*
Canada and Australia do not mandate basin management plans across the country but do
authorize basin management plans in certain basins. The Canada Water Act of 1985 authorizes
federal and provincial governments to establish water resource agreements on a national,
provincial, regional, or river-basin basis, many of which include provisions to manage nutrient
runoff.’>> The Australian federal government, in partnership with state governments, established
the Murray-Darling Basin Plan in 2012 to manage water resources and water quality in the
Murray-Darling Basin, the largest river system and agricultural region in the country.’® As part
of implementing the Basin Plan, basin state governments must develop water resource plans that

include rules for how water quality standards can be met in each catchment within the basin.>’

53 “Law Concerning the Special Measures for the Prevention of Lake Water Quality,” Asian Water Environment
Partnership, 2026.
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National planning

In addition to localized basin plans, China and Japan have developed action plans setting
goals and targets to reduce fertilizer and pesticide use at a national scale. China set action plans
to achieve zero growth of chemical fertilizer and pesticide use by 2020 and to further reduce use
by 2025, which included plans to increase soil testing, set fertilization limits for different crops
and regions, improve farmer training programs, and promote organic fertilizers and low toxicity
pesticides.’® China’s 2015 Water Pollution Action Plan set complementary goals to expand
coverage of soil testing and fertilizer recommendation technology to 90% and to increase
fertilizer utilization rate to above 40% by 2020, as well as to maintain vegetated buffer strips
around rivers in agricultural areas.’® The 2021 Implementation Plan of Agricultural Nonpoint
Source Pollution Control and Supervision proposed the establishment of an NPS pollution
prevention and control technology database compiling the results of pilot demonstrations of
practices in different regions to serve as a catalogue of possible NPS pollution interventions.°

Japan set longer-term targets in 2021 to reduce chemical pesticide use by 50%, reduce
chemical fertilizer use by 30%, and expand organic farming areas to 25% of arable land by
2050.%! State and local governments are tasked with creating local plans to expand adoption of

organic fertilizers and BMPs to reduce pollution from chemical fertilizers and pesticides.®?

58 Jin Shugin and Zhou Fang, “Zero Growth of Chemical Fertilizer and Pesticide Use: China’s Objectives, Progress and
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Regulation

The EU and four other countries included in this study have passed regulations targeting
NPS pollution from agriculture. The EU’s Nitrates Directive (1991) requires EU member states
to designate Nitrate Vulnerable Zones (NVZs), which are areas that drain into water bodies that
are already polluted or at risk of nitrate pollution.®® In these zones, member states must develop
mandatory action programs for farmers, including limits and timing restrictions on nitrogen
fertilizer application based on crop needs and soil conditions, as well as buffer zones restricting
fertilizer application near waterways. Every four years, member states must report nitrate
concentrations and revise action programs accordingly. Member states are also required to
develop voluntary Codes of Good Agricultural Practice that farmers may implement outside of
NVZs. The Directive also sets an absolute limit of 170 kg/ha on the annual amount of manure
that can be applied to land in NVZs.

Like the EU’s Nitrates Directive, the UK’s Nitrate Pollution Prevention Regulations
(2015) designate Nitrate Vulnerable Zones at risk of nitrate pollution, where farmers must
develop nutrient management plans.®* In these zones, farmers are also restricted from applying
fertilizer during certain weather conditions, times of year, and in buffer zones near waterways. A
limit is also set on the annual amount of manure that can be applied to land, as well as limits on
the total amounts of nitrogen that can be applied to different crop types in vulnerable zones.

Brazil’s newest Forest Code, approved in 2012, manages the use and protection of private
lands in the country.®® Several measures of the Forest Code serve to prevent NPS pollution in

rural areas. The Code establishes Permanent Preservation Areas of vegetation to be left intact

63 “Nitrates,” Energy, Climate Change, Environment, European Commission, accessed April 15, 2026.

64 “The Nitrate Pollution Prevention Regulations 2015,” Legislation.gov.uk, 2015.
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along the banks of waterbodies on private lands to protect ecosystem services such as water
filtration. The size of these areas is proportional to the size of the water body they border.
Farmers are also required to maintain native vegetation as Legal Forest Reserve on a minimum
area ranging from 20-80% of their property. Permanent Preservation Areas and Legal Forest
Reserves are collected in a public online registry that serves as a monitoring tool, an enforcement
mechanism, and a way of tracking progress toward implementing the code.

China’s regulations on agricultural NPS pollution are broader and are complemented by
its national action plans, which set more specific targets and activities to be carried out by
provincial and local governments. A series of laws including the Environmental Protection Law
(revised in 2014), the Water Pollution Prevention and Control Law (2017), and the Soil Pollution
Prevention and Control Law (2019) authorize provincial and local governments to help farmers
determine efficient nutrient and pesticide application and implement pollution control
measures.®® The law on soil pollution prevention also mandates a nationwide census monitoring
soil condition to be conducted every ten years and authorizes funding for soil pollution
prevention and rehabilitation activities. 2014 regulations additionally prohibit the construction of
livestock and poultry facilities near drinking water sources and in naturally protected areas.®’

South Africa is the only country in this study that has considered charging polluters for
pollutant loads discharged from nonpoint sources. While the program has not been implemented
nationally, South Africa’s National Water Act (1998) authorizes a Waste Discharge Charge

System that would require upstream polluters to pay a Waste Mitigation Charge based on

6 Shuqin and Fang, “Zero Growth.”; “Water Pollution Prevention and Control Law of the People's Republic of China
(Amended in 2017),” Ministry of Ecology and Environment, the People’s Republic of China, 2017; “China’s New Law
on Soil Pollution Prevention Approved,” CWR, August 31, 2018.

67 “Regulation on the Prevention and Control of Pollution from Large-scale Breeding of Livestock and Poultry,”
Chinalawinfo Database, 2013.
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pollutant load discharged in catchments exceeding water quality thresholds.®® The charge would
apply to discharges from point as well as registered nonpoint sources, with nonpoint pollutant
loads estimated using models based on existing land management practices. However, registered
nonpoint sources only include specific activities such as irrigating land with wastewater and do

not include important sources of NPS pollution including agricultural runoff.®
Financial and technical assistance

All countries including the EU provide financial support to farmers and local
organizations to implement agricultural BMPs and nature-based solutions to reduce NPS
pollution. The central governments of Australia, Brazil, Canada, the EU, and South Africa run
programs that provide grants or low-interest loans for agricultural BMPs or nature-based
solutions such as reforestation and wetland restoration.”® Most programs are offered to farmers
and organizations across the country, but some are more targeted in areas with water quality
impairments. Several programs, such as Australia’s Reef Trust programs and Canada’s
Freshwater Ecosystem Initiatives, fund projects in specific regions to reduce nutrient and

sediment runoff to priority water bodies and ecosystems, such as Australia’s Great Barrier

%8 Traci Reddy and Thabile Mgwebi, “Revision of the Pricing Strategy for Water Use Charges: Implementation of the
Waste Discharge Charge System,” Water Research Commission, Republic of South Africa, 2022.

69 “National Water Act No. 36 of 1998,” Centre for Environmental Rights, 1998; Priya Moodley et al., “Piloting the
implementation of the Waste Discharge Charge System in the Crocodile (East) Catchment: A non-point source
perspective,” Water Research Commission, Republic of South Africa, 2025.

0 Leila Harfuch et al., “Challenges to Fostering Low-Carbon Agriculture Through Public Policies and Support in Brazil,”
International Institute for Sustainable Development, 2024; “Agricultural Climate Solutions — On-Farm Climate Action
Fund,” Agriculture and Agri-Food Canada, Government of Canada, 2025; “Natural Infrastructure Fund,” Housing,
Infrastructure and Communities, Government of Canada, 2024; “LIFE Programme,” European Climate, Infrastructure and
Environment Executive Agency, European Commission, accessed April 15, 2026; “Green Fund,” Department of Forestry,
Fisheries and Environment, Republic of South Africa, accessed April 15, 2026.
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Reef.”! South Africa’s Comprehensive Agricultural Support Program provides financial support
to target farmer groups that have historically faced barriers in accessing funding.”

Many countries provide payments for ecosystem services that prevent NPS pollution.
Brazil’s National Policy of Payments for Environmental Services provides payments to farmers
for practices that protect water quality, such as reforestation and preservation of native
vegetation.”? China and Japan provide subsidies to farmers for pollution control measures, such
as practices that improve soil health, reductions in chemical fertilizer and pesticide use, organic
farming practices, and restoration of degraded grasslands.” China also pays farmers for retiring
and reforesting marginal cropland and managing forested areas along riverbanks through the
Forest Ecological Benefit Compensation Fund.”® The UK pays farmers to adopt sustainable
practices and improve rural landscapes through its Environmental Land Management Schemes.”®

Some countries require farmers to meet certain environmental standards in order to
receive agricultural subsidies. The EU’s Common Agricultural Policy provides income support
payments to farmers provided that they are compliant with statutory environmental requirements

including the Nitrates Directive and EU standards on good agricultural and environmental

7! “Reef Trust Programs,” Department of Climate Change, Energy, the Environment and Water, Australian Government,
2025; “Funding now open: Canada Water Agency invites applications to protect freshwater ecosystems nationwide,”
Canada Water Agency, Government of Canada, 2025.
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condition of land.”” Starting in 2027, Japan will also require recipients of agricultural subsidies to
meet environmental standards such as appropriate fertilizer and pesticide use.”®

Many countries also have capacity-building initiatives that provide technical assistance
and train farmers in practices to manage NPS pollution. Technical assistance and capacity-
building are often included in programs that provide grants and loans to farmers, but some
countries also run standalone programs. Australia’s Climate-Smart Agriculture Program funds a
national network of Sustainable Agricultural Facilitators that support farmers in capacity-
building and project delivery.”® Canada and the UK provide free advice through local advisors on
nutrient management.®® The UK also runs a network of advisors that help farmers understand and
meet environmental regulations, such as the Nitrate Pollution Prevention Regulations.8!

Lastly, some financial assistance programs specifically fund research and development of
new technologies or practices to reduce agriculture’s environmental impact. Canada’s Living
Labs program funds partnerships between scientists and farmers to co-develop new technologies
that provide water quality benefits.®? The EU’s Horizon Europe program finances research and

innovation in sustainable farming, skills training, and collaboration among rural communities.®?

77 “The common agricultural policy at a glance,” Directorate-General for Agriculture and Rural Development, European
Commission, accessed April 15, 2026.
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Department for Environment, Food & Rural Affairs, and Environment Agency, UK Government, 2026.
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Conservation easements

Several countries also use conservation easements to improve environmental quality.
Australia and the UK allow landowners to enter into “conservation covenants” with local
organizations to conserve natural habitats.3* Canada’s Ecological Gifts Program provides tax
benefits to landowners who donate land through conservation easements to designated
government agencies or nonprofits,®> and South Africa’s Biodiversity Stewardship Program
allows landowners in biodiversity priority areas to enter into short- and long-term conservation
easements.® As in the U.S., these easements produce multiple environmental benefits, including

benefits to water quality due to reduced agricultural runoff and improved water filtration.
Water quality markets

Finally, Australia is the only country in this study with widely established water quality
markets. Australia’s Nature Repair Market allows farmers to sell biodiversity credits to investors
from nature-based solutions projects with water quality benefits, including replanting native
vegetation on historically cleared land.?” The Reef Credit Scheme run by the Queensland
(provincial) government allows farmers to sell Reef Credits to the government, companies, and
philanthropists for reductions in nutrient or sediment runoff to the Great Barrier Reef as a result

of improved nutrient management practices and land rehabilitation activities.®® Other countries,

84 “Conservation Covenants,” Department of Climate Change, Energy, the Environment and Water, Australian
Government, 2021; Tim Andrews, “Conservation covenants: putting environmental commitments into law,” Department
for Environment, Food & Rural Affairs, UK Government, April 22, 2024.
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8 Ultrike Troeger and Heidi Wittmer, “South Africa’s Biodiversity Stewardship Programme,” Helmholtz Centre for
Environmental Research, 2023.
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2026.
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including some EU member states, have experimented with piloting water quality trading in

certain areas but do not have widely established markets.

VI.  Comparative Analysis and Discussion

Most overarching types of strategies employed by other countries are not vastly different
from those pursued by the federal or state governments in the U.S. Most countries implement a
combination of water quality monitoring and planning at the basin scale, regulation of nutrient
application and other mandatory pollution control measures, and financial and technical aid to
farmers to implement BMPs. Several countries also use conservation easements and water
quality trading to achieve NPS pollutant reductions. Unlike the U.S., China and Japan have also
developed national plans including targets for reducing chemical fertilizer and pesticide use that
guide state and local level policies.

Individual policies and programs and the level of government that manages them do vary
widely between other countries and the U.S. Notably, the U.S. has not passed federal regulation
on nutrient application like the EU’s Nitrates Directive or the UK’s Nitrate Pollution Prevention
Regulations. While some states mandate nutrient management plans and restrict nutrient
application under certain conditions, many state-level restrictions pertain to the use of manure
rather than commercial fertilizer or apply in watersheds with existing water quality impairments.
The U.S. also does not require vegetated buffer zones around water bodies at the federal level, as
Brazil’s Forest Code does, although some states mandate riparian buffers around impaired waters
and tributary streams draining to impaired waters, such as the Chesapeake Bay. Neither the U.S.
federal nor state governments have attempted to charge nonpoint polluters through a program
like South Africa’s Waste Discharge Charge System, and it is unlikely that either level of

government would consider doing so.
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If the U.S. were to implement federal regulations on nutrient application or riparian
buffer zones, Congress would need to amend the Clean Water Act or create new legislation.
Given the strong political influence of the agricultural lobby and historical preference for leaving
environmental regulation and land use decisions to the states, it is not likely that the U.S. will
enact federal legislation to regulate NPS pollution. States will likely remain the primary actor in
driving NPS pollution control regulations forward. However, many state-level policies in the
U.S. tend to be reactionary, established in response to water quality impairments once they have
occurred. Moving forward, states could take a more precautionary approach in expanding
nutrient restrictions, mandating nutrient management plans, and implementing riparian buffers in
agricultural areas before impairments occur. States could also expand restrictions on nutrient
application to cover synthetic fertilizer as well as manure, as the EU’s and UK’s regulations do.

Rather than regulating NPS pollution, the U.S. primarily relies on financial and technical
assistance in the form of federal and state-level grants, loans, and cost-share programs to farmers
to implement BMPs. Similar programs exist in all of the countries included in this study. Most of
these programs fund specific practices intended to reduce NPS pollution rather than actual
pollutant load reductions resulting from these activities, likely due to the difficulty and
uncertainty in measuring or modeling outcomes. However, this type of practice-based funding in
the U.S. tends to incentivize farmers to implement the lowest-cost BMPs rather than the most
effective ones for pollution reduction at a particular site, and it offers limited incentives for
targeting BMPs in areas contributing the highest pollutant loads.?’

Countries such as Australia and the UK are moving toward more outcomes-based funding

programs. Australia’s Reef Trust program does not directly pay farmers for outcomes but

% Stephenson et al., “Confronting our Agricultural Nonpoint Source Control Policy Problem.”
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prioritizes projects based on the cost-effectiveness of modeled pollutant load reductions.”® The
UK’s Environmental Land Management Schemes currently pay farmers for activities to reduce
agricultural impacts, but the Department for Environment, Food, and Rural Affairs intends to
move toward paying farmers for measurable outcomes.’! Similar types of pay-for-performance
or pay-for-success programs could be piloted in the U.S. through the Environmental Quality
Incentives and Conservation Stewardship Programs and state-level funding programs but would
likely require an expansion of water quality monitoring and investment in localized models to
estimate pollutant load reductions. Virginia is already piloting a Pay-For-Outcomes Nonpoint
Source Pollution Reduction grant program that will provide payments based on the amount of
pollution removed or prevented from entering the Chesapeake Bay.”?> The EU and Japan are also
beginning to make agricultural subsidies contingent on environmental performance, but this is
unlikely to occur at a broad scale in the U.S. due to the influence of agricultural interests.
Unlike the U.S., many countries mandate basin management plans in major river basins,
which include measures for ensuring the protection or attainment of water quality standards.
Depending on the country, these plans are developed by the government (national, state, and/or
local) or by designated river basin authorities. The U.S. lacks a standardized system of catchment
management across the country. Some interstate river basin commissions established through
federal compacts, such as the Delaware River Basin Commission and the Susquehanna River
Basin Commission, have developed management plans in specific basins, but major basins such

as the Mississippi lack a coordinated commission and basin plan.

9 “BEyaluation of the Australian Government’s Reef Trust investment in water quality,” Alluvium Consulting Australia,
2022.

! “Environmental land management schemes: payment principles,” Department for Environment, Food & Rural Affairs,
UK Government, 2021.

92 “NPS Pilot Program,” Virginia Department of Environmental Quality, accessed April 15, 2026.
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Additionally, other countries give greater authority to basin management plans and,
where applicable, the basin agencies that develop them. River basin management plans in the EU
and the UK define legally binding water quality targets that inform local permitting decisions
and regulations. In Australia, water resource plans developed by state governments in the
Murray-Darling Basin must be aligned with water quality objectives laid out in the Murray-
Darling Basin Plan, and the Murray—Darling Basin Authority monitors each state’s progress
toward achieving the Plan’s objectives through basin report cards.”® In South Africa, catchment
management agencies have the authority to issue water use licenses within their catchments and
can attach additional conditions to these licenses specifying management practices that must be
followed to prevent pollution, in alignment with catchment management plans.”*

In contrast, the authority of the basin commissions that exist in the U.S. to regulate water
quality varies significantly. Some commissions in the U.S. have regulatory authority over water
quality and permitting, while others do not. The Delaware River Basin Commission, for
example, has independent legal authority to set water quality standards for the basin that state
regulations must refer or defer to.”> The Commission can also review projects, regulate pollutant
discharges, and designate Special Protection Waters where projects must have approved Non-
Point Source Pollution Control Plans.’® In contrast, commissions such as the Susquehanna River
Basin Commission and the Interstate Commission on the Potomac River Basin lack regulatory

authority over water quality and mainly play a supporting role in monitoring water quality and

%3 “Basin Plan Implementation Reports 2024-25,” Murray-Darling Basin Authority, 2025.

94 «Starter Pack for CMAs,” Department of Water and Sanitation, Republic of South Africa, accessed April 15, 2026;
“Chapter 4: Use of Water,” Department of Water and Sanitation, Republic of South Africa, accessed April 15, 2026.
95 “Water Quality & Monitoring Programs,” Delaware River Basin Commission, 2026.

% “Project Review and Permitting,” Delaware River Basin Commission, 2025; “Special Protection Waters,” Delaware
River Basin Commission, 2025.
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helping states set and meet standards and TMDLs.?” Expanding regulatory authority for basin
commissions could help ensure that water quality standards, permitting decisions, and NPS
pollution reduction measures are coordinated across states and would make it easier to track
progress toward meeting standards.

Lastly, in the U.S., water quality trading aimed at reducing nutrient loads has been fairly
limited due to challenges in verifying pollutant reductions from nonpoint sources, as well as a
lack of numeric water quality standards and enforceable discharge limits for many waterbodies.”®
Water quality markets in the U.S. are mainly compliance-driven, where point sources may buy
credits to meet discharge limits, but in the absence of numeric discharge limits, there is little
incentive to participate in trading. In contrast, Australia’s Reef Credit Scheme is driven by
nutrient, sediment, and pesticide reduction targets laid out in the Reef 2050 Water Quality
Improvement Plan.®” Credits are quantified using standardized methodologies for different
management practices and verified by an independent third-party nonprofit organization. Buyers
include governments seeking to meet reef reduction targets, companies meeting internal
sustainability goals, and philanthropists. To strengthen water quality trading in the U.S., the U.S.
EPA could encourage broader adoption of numeric nutrient criteria and support states in
developing standardized methodologies and assumptions to quantify pollutant load reductions

from different management practices.

97 “Comprehensive Plan for the Water Resources of the Susquehanna River Basin,” Susquehanna River Basin
Commission, 2021; “Water Quality,” Interstate Commission on the Potomac River Basin, accessed April 15, 2026.
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VII. Recommendations and Conclusion

The U.S. generally takes a more decentralized approach to water quality management
compared to countries that have stronger federal regulations, set national planning targets, and
delegate greater authority to river basin management plans and agencies. Within its decentralized
framework, the U.S. could strengthen its approach to addressing agricultural NPS pollution by:

1) Expanding precautionary regulations on nutrient management and pollution control at the
state-level,
2) Piloting outcomes-based incentives for agricultural pollutant reductions through federal
and state-level funding programs,
3) Granting greater regulatory authority to river basin commissions over water quality
standards and permitting decisions, and
4) Improving quantification methods and models to better estimate pollutant load
reductions.
Countries such as the UK, Australia, South Africa, and Brazil have tried similar approaches, and
many also have federalist systems of governance like the U.S., so the U.S. can look to these
countries in particular when designing policies at the state- or basin-level. This project highlights
key similarities and differences between the U.S. and international approaches and provides
recommendations for the U.S., but it is not a comprehensive review of all policies and programs
in the countries examined. Future research should explore subnational and local policies in other
countries, especially for pollutants beyond nutrients, and evaluate the effectiveness of these

approaches.
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Appendix

Table 1. Strate

ies Employed in the U.S. to Address Agricultural Nonpoint Source Pollution

Strategy Program or Policy Federal or State | Overseeing Agency | Additional Information

Basin-scale Water Quality Standards and Total Maximum Federal statute State environmental States are not required to regulate

planning Daily Loads (TMDLSs): Under Section 303 of the implemented by | protection or natural | nonpoint sources to achieve TMDLs.
Clean Water Act (CWA), enacted in 1972, states states resource departments | Discharge permits are not required for
must set ambient water quality standards for water nonpoint sources under the CWA, so
bodies based on the water bodies’ designated use(s). states mainly address NPS pollution
States must identify waters that do not meet the through voluntary, incentive-based
standards and set TMDLs for pollutants of concern mechanisms, such as providing
to attain water quality standards.'% financial and technical assistance to

farmers for pollution control
measures.'"!

River Basin Commissions: Several river basin Federal; state State governments Most existing interstate river basin
commissions jointly manage water resources across (governors usually commissions, including the Delaware
river basins spanning multiple states. Commissions head the commission) | and the Susquehanna, were adopted as
may monitor water quality and develop water quality federal-interstate compacts approved
plans. The Delaware River Basin Commissions has by Congress.!%
regulatory authority to set water quality standards
and review and approve new projects.'?

Regulation Nutrient Management Plans (NMPs) for Manure | Federal statute State environmental Virginia’s Pollution Abatement Permit
Application: Under the CWA’s National Pollutant implemented by | protection or natural | Program requires AFOs beneath the
Discharge Elimination System (NPDES), animal states; state resource departments; | state’s threshold for NPDES permits to
feeding operations (AFOs), though classified as point state agricultural obtain permits and develop NMPs.
sources, must develop NMPs for the land application departments Iowa requires animal truck washing
of manure, specifying the amount, timing, and facilities to develop NMPs for
placement of nutrients based on soil types and crop application of effluent. South Carolina
needs. Some states such as Virginia, [owa, and South requires manure brokers that sell
Carolina require additional NMPs for manure manure from AFOs to third parties to
application independent of NPDES requirements. % develop NMPs for land application.!®

100 “Clean Water Act,” Congressional Research Service.

101 “Clean Water Act,” Congressional Research Service.

102 “Programs,” Delaware River Basin Commission.

103 Jeffrey Featherstone, “Water Resources Coordination And Planning At The Federal Level: The Need For Integration,” Journal of Contemporary Water Research and
Education 104, no. 1, 1996, https://opensiuc.lib.siu.edu/jcwre/vol104/iss1/12.

104 Kirk Hall and Essman, “State Legal Approaches.”

195 Kirk Hall and Essman, “State Legal Approaches.”



buffer zones to filter nutrients around impaired water
bodies and tributary streams. Minnesota and
Vermont require farmers near water bodies to install
vegetation buffers between farmland and adjacent
waters.!!% North Carolina requires riparian buffers in
impaired basins in the state.!!! Maryland and
Virginia require 100-foot buffers around wetlands
and streams draining to the Chesapeake Bay.!!?

protection or natural
resource departments

Nutrient Management Plans (NMPs) for Other State State environmental Several states require NMPs to be

Agricultural Practices: Maryland and Delaware protection or natural | certified by nutrient management

require farmers above certain income or property- resource departments; | specialists trained by state agricultural

size thresholds to submit NMPs to the state. Other state agricultural departments.

states including Ohio, North Carolina, Arkansas, and departments

Connecticut require NMPs in certain areas where

water quality is impaired by nutrients or

sediments.'%

Fertilizer Application Restrictions: Some states State State environmental Many of these restrictions apply to the

including Indiana restrict nutrient application during protection or natural | application of organic (i.e. manure)

certain weather conditions, such as when soils are resource departments; | rather than commercial fertilizer.

frozen or saturated or heavy rain is expected. Other state agricultural

states prohibit nutrient application close to water departments

bodies (i.e. Pennsylvania, Florida, Oregon), during

certain times of the year (i.e. Vermont, lowa), or in

certain areas with impaired water quality (i.e.

Ohio).!"”

Fertilizer Application Certification: 18 states State State agricultural Delaware and Maryland require

require commercial and/or private applicators to be departments individuals applying fertilizer to over

trained and certified in nutrient management, 10 acres to be certified in nutrient

determination of application rate, sampling management. Ohio requires

procedures, fertilizer storage, and related topics.'%® certification for application on over 50
acres of commercial agriculture.'”

Riparian Buffers: Some states require vegetated State State environmental In some states without state-level

legislation requiring buffer zones, local
ordinances may restrict land uses and
protect vegetation around water bodies.

106 Kirk Hall and Essman, “State Legal Approaches.”
197 Kirk Hall and Essman, “State Legal Approaches.”
198 Kirk Hall and Essman, “State Legal Approaches.”
199 Kirk Hall and Essman, “State Legal Approaches.”
"0 Kirk Hall and Essman, “State Legal Approaches.”

! “Riparian Buffer Protection Program,” North Carolina Department of Environmental Quality.

12 Moore, “Chesapeake Bay Preservation Act Bay Act”; “The Critical Area Buffer,” Maryland Department of Natural Resources.
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Technical and
financial
assistance

USDA Natural Resource Conservation Service
(NRCS) Programs: NRCS offers free technical
assistance and planning to farmers, as well as
funding through the Environmental Quality
Incentives Program (EQIP), which offers up to ten-
year contracts to fund implementation of eligible
conservation practices—including measures to
increase nutrient use efficiency and reduce nonpoint
pollution,''® and the Conservation Stewardship
Program (CSP), which offers five-year contracts to
fund existing and new conservation practices.!!'*

Federal

USDA NRCS

Clean Water Act Section 319 Grants: Under CWA
Section 319, states, territories, and tribes can receive
grants for activities that support NPS pollution
management programs, including technical and
financial assistance, education, training, technology
transfer, demonstration projects, and water quality
monitoring.'"

Federal grants
administered by
states

US EPA; State
environmental

protection or natural
resource departments

Section 319 grants were established in
1987 amendments to the CWA to allow
for greater federal support to state and
local efforts to address nonpoint
pollution.!!®

Clean Water State Revolving Funds (CWSRF):
The CWSRF provides low interest loans for water
infrastructure projects, including measures to
implement state NPS pollution management
programs under CWA Section 319.!17

Federal loans
administered by
states

US EPA; State
environmental

protection or natural
resource departments

US EPA provides grants to all states to
capitalize state CWSRF loan programs.
Each state contributes an additional
20% to match the federal grants.!''®

Water Infrastructure Finance and Innovation Act
(WIFIA) Program: The WIFIA program provides
long-term loans to local, state, Tribal, and federal
governments and the CWSRF to implement water
and wastewater infrastructure projects, including
projects that are part of state NPS pollution
management programs. '’

Federal

US EPA

State-Level Cost Share and Technical Assistance
Programs: Many state-level programs also provide

State

State environmental
protection or natural

Some states (i.e. Wisconsin, Minnesota,
Ohio, Michigan) provide nutrient

113 “Environmental Quality Incentives Program (EQIP),” Natural Resource Conservation Service.

114 “Conservation Stewardship Program,” Natural Resource Conservation Service.
115319 Grant Program,” U.S. Environmental Protection Agency.
116 <319 Grant Program.”

17 «“About the Clean Water State Revolving Fund,” U.S. Environmental Protection Agency.
118 «“About the Clean Water State Revolving Fund
119 «“Water Infrastructure Finance and Innovation Act Program,” U.S. Environmental Protection Agency.
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cost-share funding, technical assistance, and tools to
support development of NMPs and implementation
of agricultural BMPs to reduce pollutant runoff,'?°

resource departments;
state agricultural
departments

application forecasting tools to help
farmers determine optimal times to
apply nutrients with low runoff risk.

sources to reduce nutrient pollution. Some states
including Colorado, Pennsylvania, and Ohio have
higher trade ratios for point-nonpoint trades to
account for uncertainty in nutrient reductions.!?°

resource departments

Tax Credits: Virginia gives tax credits for purchases | State State environmental
of more precise pesticide and nutrient application protection or natural
equipment and for installation of BMPs. Wisconsin resource departments;
offers tax credits to farmers that meet agricultural state agricultural
performance standards, including nutrient departments
management and NPS pollution control.!?!
Conservation Conservation Reserve Program (CRP): CRP Federal USDA Farm Service | The goals of CRP are to control soil
easements encourages farmers to enroll in easements to remove Agency (FSA) erosion, improve water quality, and
land from agricultural production and restore enhance wildlife habitat on
vegetative cover such as native grasses, trees, and environmentally sensitive land. As of
riparian buffers. Participants receive annual rental 2024, nearly 26 million acres of
payments and cost-share assistance for restoration cropland were enrolled in CRP across
activities. Contracts usually last for 10-15 years.'? the U.S.!%
Agricultural Conservation Easement Program Federal USDA NRCS As 0f 2023, ACEP’s Wetland Reserve
(ACEP): ACEP helps farmers and landowners Easement component had enrolled
restore and enhance wetlands previously degraded by nearly 2.9. million acres under 16,000
agricultural use through long-term (30+ years) agreements in its 30-year history.!?
conservation easements.'**
Water quality | Water Quality Trading: At least 14 states allow State State environmental California, Colorado, Florida, Idaho,
markets water quality trading between point and nonpoint protection or natural | Louisiana, Maryland, Minnesota,

Montana, Ohio, Oregon, Pennsylvania,
Virginia, Washington, and Wisconsin
allow point-nonpoint source trades.'?’

120 Kirk Hall and Essman, “State Legal Approaches.”
121 Kirk Hall and Essman, “State Legal Approaches.”
122 “Conservation Reserve Program,” Farm Service Agency.
123 “USDA to Begin Issuing $2.14 Billion to Agricultural Producers through Key Conservation and Safety-Net Programs,” Farm Service Agency, U.S. Department of
Agriculture, October 21, 2024.

124 «Agricultural Conservation Easement Program,” Natural Resource Conservation Service.

125 “Restoring America’s Wetlands: Agricultural Conservation Easement Program Wetland Reserve Easements,” Natural Resource Conservation Service, U.S.
Department of Agriculture, 2023.

126 “Compendium,”
127 “Compendium.”

U.S. Environmental Protection Agency.
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Table 2. Strategies Employed by Other Countries to Address Agricultural Nonpoint Source Pollution

local Councils (Covenant Scheme Providers
approved by the Minister for the Environment) to
conserve land for natural or cultural value.!?

Environment and
Water; state
environmental
agencies

Country | Strategy Program or Policy Central/Federal or | Overseeing Additional Information
State/Provincial Agency
Australia | Basin-scale Murray-Darling Basin Plan: First established in Partnership between | Murray Darling
planning 2012, the plan manages water resources, including | federal and state Basin Authority;
measures to maintain water quality, across the governments state environmental
Murray-Darling Basin. Basin state governments agencies
develop water resource plans explaining how water
quality standards will be met in each catchment.'*
Technical and | Reef Trust Programs: Reef Trust programs help Federal Department of
financial meet nutrient and sediment load targets for the Climate Change,
assistance Great Barrier Reef. These include the Reefwise Energy, the
Farming Program, which funds sustainable Environment and
farming practices that reduce nutrient and pesticide Water
runoff and the Landscape Repair Program,
which funds projects to reduce erosion and
sediment runoff from grazing lands.!'?’
Climate-Smart Agriculture Program: The Federal Department of
program provides grants for agricultural BMPs and Agriculture,
invests AUD $40.7 million in a national network of Fisheries and
Sustainable Agricultural Facilitators that support Forestry; Natural
capacity-building and project delivery.'3° Heritage Trust
Queensland Reef Water Quality Program: The State (Queensland) Queensland
Program offers funding and technical support to Government
implement BMPs for crops including sugarcane
and bananas to help farmers improve nitrogen
management and reduce water pollution.!3!
Conservation Conservation Covenants: Landowners including | Federal (approves Department of
easements farmers can enter into voluntary agreements with programs) and state | Climate Change,
non-profit organizations, government agencies, or (operates programs) | Energy, the

128 «“Water resource plans,” Murray-Darling Basin Authority.
129 “Reef Trust Programs,” Department of Climate Change, Energy, the Environment and Water.
130 “Climate-Smart Agriculture Program,” Department of Agriculture, Fisheries and Forestry.

131 <,

Queensland Reef Water Quality Program,” Queensland Government.

132 “Conservation Covenants,” Department of Climate Change, Energy, the Environment and Water.
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Water quality
markets

Nature Repair Market: Through the voluntary
Nature Repair Market, farmers can sell biodiversity
credits to investors from NBS projects with water
quality benefits, including replanting native
vegetation on historically cleared land.'*?

Federal

Department of
Climate Change,
Energy, the
Environment and
Water

Reef Credit Scheme: The Reef Credit Scheme in
Queensland allows farmers to sell Reef Credits to
the government, private industry, and
philanthropists for reductions in nutrient or
sediment runoff to the Great Barrier Reef due to
improved nitrogen use efficiency, land
rehabilitation activities, and grazing
management.!3*

State (Queensland)

Eco-Markets
Australia
(independent non-
profit organization)

Using constructed wetlands
to prevent nitrogen from
entering waterways is a
method currently under
review for inclusion in the
Scheme. !

Brazil Basin-scale Water Resource Plans: The National Water Partnership between | National Water and

planning Resources Policy (1997) stipulates that River Basin | federal, state, and Sanitation Agency;
Committees comprised of representatives of the municipal River Basin
federal, state, and municipal governments, water governments Committees
users, and civil society develop Water Resources
Plans for river basins to meet long-term demand,
including measures to ensure water quality to
support the uses for which the water is intended.!*

Regulation Forest Code: The most recent Forest Code (2012) | Federal government | Brazilian Institute Implementation of the

established Permanent Preservation Areas (APPs)
of vegetation that must be left intact along the
banks of rivers, springs, lakes, etc. on private lands
to preserve ecosystem services such as water
filtration. The size of the APP is proportional to the
size of the water body it borders. Rural landowners
must also maintain a percentage (varying from 20-
80%) of their property area as Legal Forest
Reserve. Data on APPs and Legal Forest Reserves

coordinates action
with state
governments

of Environment
and Renewable
Natural Resources;
state environmental
agencies

Forest Code has been
uneven across states.'3% At
COP30, Brazil launched a
Forest Code Task Force to
accelerate
implementation.!*°

133 “Nature Repair Market,” Department of Climate Change, Energy, the Environment and Water.
134 “Reef Credit Scheme,” Queensland Government.

135 “Nature Repair Market.”

136 “Law No. 9433 - Brazilian National Water Resources Policy,” Brazilian Regulatory Standards, 1997.

138 Cristina Leme Lopes, et al., “Where Does Brazil Stand with the Implementation of the Forest Code?” Climate Policy Initiative, 2025.

139 Inez Mustafa, “Brazil Launches Task Force for Forest Code Implementation,” COP30 Brasil Amazonia, November 4, 2025.
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are collected in an online public registry known as
the Rural Environmental Registry.'*’

Technical and
financial
assistance

Brazilian Plan for Adaptation and Low Carbon | Federal Ministry of

Emission in Agriculture (ABC+): The ABC+ Agriculture and

Plan launched in 2021 (renamed RenovAgro in Livestock

2023) funds climate-friendly agricultural practices,

including practices that protect water quality such

as no-till planting and reforestation. Nine sub-

programs help farmers finance new practices and

technologies through low-interest loans.'*?

Parana Rural Program: Funded by the World State (Parand) Parana More than 25% of program
Bank, the Parana Rural Program financed BMPs in government; World | funds were used to support

critical agricultural areas of the state in the 1980s- Bank (provided farmer training programs.'4?
90s to reduce erosion, silting, and water funding)

pollution.'*!

National Policy of Payments for Environmental | Federal; state National Water and | Most payment programs are

Services: The National Policy (2021) as well as
state legislation have established payment
programs for projects that protect ecosystem
services. Most projects support the enhancement of

Sanitation Agency;
state environmental
agencies

part of the Water Producer
program, which helps rural
landowners reduce soil
erosion and siltation in

water supply and quality, including reforestation waterbodies.!*
and protection of native vegetation.!*3
Canada | Basin-scale Water Resource Management Agreements: The | Partnership between | Canada Water The Canada Water Act is
planning Canada Water Act (1985) authorizes federal and federal and Agency; provincial | currently in the process of
provincial governments to establish water resource | provincial environmental being updated to better
management programs on a national, provincial, governments agencies address modern challenges

regional, or river-basin basis.!*> Many agreements
include provisions to manage nutrient runoff. The
Act also authorizes governments to designate water

facing Canada’s freshwater
resources. Consultation with
Indigenous groups plays a
key role in the review.!'*’

137 Chiavari, “Brazil’s New Forest Code.”

140 Harfuch, et al., “Challenges to Fostering Low-Carbon Agriculture.”
141 Antonio Felix Domingues, “Soil and Water Conservation Policies and Actions in Brazil: Lessons from the Past and Perspectives for the Future,” 2022.
142 Domingues, “Soil and Water Conservation Policies.”
143 Mamedes, “Brazilian payment.”

144 Mamedes, “Brazilian payment.”

145 “Canada Water Act,” Government of Canada.

147 «“About the Canada Water Act review.”
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quality management areas where pollution is
prohibited, but this provision has not been used.!*¢

Technical and
financial
assistance

Freshwater Ecosystems Initiative: The Canada Federal Canada Water This funding is delivered
Water Agency is investing CAD $650 million over Agency through water resource
ten years in projects that protect and restore eight agreements between the
priority waterbodies across Canada, including NBS federal and provincial
and agricultural BMPs to reduce nutrient loads.'* governments.!'*
Sustainable Canadian Agricultural Partnership | Federal and Agriculture and

(Sustainable CAP): Sustainable CAP invests CAD
$2.5 billion from 2023-2028 to support region-
specific agriculture programs and services.
Programs are cost-shared between the federal and
provincial governments with the federal
government contributing 60% of costs and

provincial governments contributing 40%.!%°

provincial cost-share
program

Agri-Food Canada

On-Farm Climate Action Fund: The CAD Federal Agriculture and

$704.1 million program provides funding to Agri-Food Canada

farmers for nitrogen management, cover cropping,

and rotational grazing practices.!%!

Living Labs: The program funds partnerships Federal Agriculture and

between scientists, farmers, and other stakeholders Agri-Food Canada

to co-develop new technologies that provide water

quality and other environmental benefits.!>?

Natural Infrastructure Fund: The Fund provides | Federal Housing, The program includes

a total of CAD $200 million in grants and Infrastructure and funding streams for both
contributions for natural or hybrid infrastructure Communities large- and small-scale
projects that protect the natural environment, Canada projects. 10% of program

including NBS activities that improve water quality
such as wetland and coastal restoration.'>

funding is allocated to

Indigenous-led projects.!>

146 «“About the Canada Water Act review,” Canada Water Agency, Government of Canada, 2024,
148 “Funding now open,” Government of Canada; “Projects funded under the Lake Simcoe Freshwater Ecosystem Initiative,” Canada Water Agency, Government of

Canada, 2025.
149 “Projects funded.”

130 “Sustainable Canadian Agricultural Partnership,” Agriculture and Agri-Food Canada, Government of Canada, 2023.
151 «“Agricultural Climate Solutions — On-Farm Climate Action Fund,” Agriculture and Agri-Food Canada.
152 «Agricultural Climate Solutions — Living Labs,” Agriculture and Agri-Food Canada (2025).

153 “Natural Infrastructure Fund,” Housing, Infrastructure and Communities.
154 “Natural Infrastructure Fund.”
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Environmental Farm Plans: Some provinces
offer free programs that help farmers assess
environmental risks and develop action plans,
including plans to improve nutrient efficiency.!>

Provincial (British
Columbia, Alberta,
Manitoba)

Provincial
environmental
agencies

Conservation
easements

Ecological Gifts Program: The Program offers tax
benefits to landowners who donate land through
conservation easements to a qualified recipient

(provincial government agencies or non-profits).!*°

Federal (provides
tax benefits) and
provincial (manages
easements)

Environment and
Climate Change
Canada; provincial
environmental
agencies; nonprofits

China

Basin-scale

River Basin Plans: The Water Law of the People’s

Federal statute

State Council; river

planning Republic of China (2002) mandates river basin implemented by basin authorities;
plans and regional plans for the utilization and provincial and local | provincial and
protection of water resources, including water governments local water
quality monitoring.'%” resource

departments

Regulation Environmental Protection Law: The Law was Federal statute State Council; This law sets broad legal
revised in 2014 to further address NPS pollution by | implemented by Ministry of obligations for provincial
authorizing pollution monitoring and early warning | provincial and local | Agriculture; and local governments but
systems; local fertilizer, pesticide, and livestock governments provincial and does not mandate specific

waste pollution prevention and control measures;
and support from agencies at all levels of
government to help farmers determine efficient
nutrient and pesticide application methods and
properly dispose of agricultural waste.'®

local agricultural
agencies

actions.

Water and Soil Pollution Prevention and
Control Laws: The Water Pollution Prevention
and Control Law (2017) requires local
governments to promote scientific and rational use
of fertilizers and pesticides and prevent associated
water pollution.!® The Soil Pollution Prevention
and Control Law (2019) mandates a nationwide
soil condition census every 10 years, a network of

Federal statute
implemented by
provincial and local
governments

State Council;
Ministry of
Agriculture;
provincial and
local agricultural
agencies

155 “Environmental Farm Plan Program,” Government of British Columbia; “Environmental Farm Plan,” Government of Manitoba.; “Your Farm, Your Plan, Your
Future,” Alberta Environmental Farm Plan.

136 “Ecological Gifts Program,” Government of Canada.
157 «“Water Law of the People's Republic of China (Chinese and English Text),” Congressional Executive Commission on China, 2013.
158 Shuqin and Fang, “Zero Growth.”; “Environmental Protection Law of the People's Republic of China (2014 Revision) [Effective 2014],” Standing Committee of the
National People’s Congress, the People’s Republic of China, 2014.
159 «“Water Pollution Prevention and Control Law,” Ministry of Ecology and Environment.




monitoring stations, central and provincial-level
funds for soil pollution prevention and control, and
rehabilitation plans for farmland polluters.!'®

Regulations on Prevention and Control of

Federal statute

State Council;

rivers to filter farmland runoff in sensitive areas.!®*

Pollution by Scaled Livestock and Poultry implemented by provincial and
Breeding Industry: These regulations (2014) provincial and local | local agricultural
prohibit the construction of livestock and poultry governments agencies
facilities near conservation areas of drinking water
sources, as well as core and buffer zones of natural
protection areas.'¢!
National Chemical Fertilizer and Pesticide Action Plans: | Federal plan Ministry of
planning The "Action to Achieve Zero Growth of Chemical | implemented by Agriculture;
Fertilizer Use by 2020" and "Action to Achieve provincial and local | provincial/local
Zero Growth of Pesticide Use by 2020" plans set governments agricultural
goals to end growth in chemical fertilizer and agencies
pesticide use by 2020. The plans called for
increasing soil testing, setting unit area fertilization
limits for each region and crop, improving
fertilization techniques and training to meet those
limits, increasing use of organic over chemical
fertilizers, improving pest monitoring and warning
systems, and promoting low toxicity pesticides.!®?
In 2022, the “Action Program for Reduction of
Fertilizers by 2025” and the “Action Program for
Reduction of Pesticide by 2025 were introduced
to further reduce fertilizer and pesticide use.'®
Water Pollution Control Action Plan: The 2015 | Federal plan Ministries of
Plan called for subsidizing low toxicity pesticides, | implemented by Agriculture; Land
expanding coverage of soil testing and fertilization | provincial and local | and Resources;
recommendation technology to 90%, and governments Ecology and
increasing fertilizer utilization rate to above 40% Environment;
by 2020. The plan also called for the creation and Water Resources;
maintenance of vegetation buffer strips around provincial/local

160 “China’s New Law,” CWR.

161 “Regulations on Prevention and Control of Pollution,” Chinalawinfo Database.
162 Shugin and Fang, “Zero Growth.”

163 Hu and Liu, “Impact of fertilizer and pesticide reductions.”

164 “Notice of the State Council,” Ministry of Ecology and Environment.
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agricultural

agencies
Implementation Plan of Agricultural Nonpoint Federal plan Ministry of
Source Pollution Control and Supervision: The implemented by Ecology and
2021 implementation plan lays out plans to provincial and local | Environment;
establish a nonpoint pollution prevention and governments Ministry of
control technology database with results of pilot Agriculture and
demonstrations in different regions, subsidize Rural Affairs;
organic fertilizers and technologies to improve provincial/local
fertilizer application, improve water quality agricultural
monitoring and evaluation, and strengthen agencies
provincial pollution controls.'®®
Technical and | Ecological Compensation Programs: China Federal Ministry of
financial provides payments to farmers and rural landowners Ecology and
assistance for conservation practices, including retiring and Environment
reforesting sloping or marginal cropland through
the Grain for Green Program and managing
forested areas along riverbanks and in priority
watersheds through the Forest Ecological Benefit
Compensation Fund.!®
Agricultural Subsidies: The government offers Federal Ministry of
area-based subsidies to farmers for practices to Agriculture and
improve soil health and reduce pesticide use, such Rural Affairs
as crop rotation and fallowing.!¢” The government
also provides subsidies for organic fertilizer and
restoration of grasslands degraded from grazing.'6®
EU Basin-scale Water Framework Directive: The Directive Federal (EU-level) European
planning (2000) requires countries to develop River Basin statute implemented | Commission;
Management Plans every six years that address by EU member member state
local water quality issues and lay out measures to states governments
ensure good chemical and ecological status.'®
Regulation Nitrates Directive: The Directive (1991) requires | Federal (EU-level) European Action programs and Codes
member states to monitor water quality and statute implemented | Commission; of Good Agricultural

designate Nitrate Vulnerable Zones (NVZs) that

Practice include limits and

165 “Notice on printing and distributing the implementation plan,” All China Environment Federation Water Environmental Governance Committee.
166 «“Ecological Compensation in China,” The World Bank.

167 “China releases new ag subsidies,” Sino-German Agricultural Centre.
18 Gale, “Growth and Evolution.”

169 «“Water Framework Directive,” Energy, Climate Change, Environment, European Commission, accessed April 15, 2026.
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drain into waters that are polluted or at risk of by EU members member state timing restrictions on
pollution. Member states must set compulsory states governments nitrogen fertilizer
action programs that farmers must implement in application based on crop
NVZs and voluntary Codes of Good Agricultural needs and soil conditions, as
Practice that farmers may implement elsewhere. well as buffer zones
Member states must report nitrate concentrations restricting fertilizer
and revise action programs every four years. The application near water
Directive also sets a cap on the annual amount of sources.!”!
manure that can be applied in polluted areas.'”

Technical and | Common Agricultural Policy (CAP): CAP Federal (EU-level) European EU standards on good

financial provides income support payments to farmers policy funded by Commission; agricultural and

assistance provided that they are compliant with statutory member states member state environmental condition of
environmental requirements (including the Nitrates governments land include maintaining a
Directive) and EU standards on good agricultural certain share of permanent
and environmental condition of land. Eco-scheme grassland on agricultural
payments are also offered to farmers for area, protecting wetlands
sustainable farming practices to reduce nutrient and and peatlands, maintaining
pesticide pollution. Funding is also offered for rural soil health and preventing
development interventions that strengthen capacity- erosion, putting buffer strips
building and knowledge transfer.!” along waterways, etc.!”
Programme for Environment and Climate Federal (EU-level) European
Action (LIFE): LIFE invests EUR 5.43 billion Commission
from 2021-2027 to fund agricultural practices that
provide benefits to nature and biodiversity,
including water quality improvements.!™
Horizon Europe: Horizon Europe invests EUR Federal (EU-level) European Horizon Europe funds
93.5 billion from 2021-2027 to fund research and Commission research and innovation
innovation in sustainable farming, skills training, across a range of
and collaboration among rural communities.'” environmental areas.!”®

Japan Basin-scale River Improvement Plans: Under a 1997 revision | Central; prefectural | Ministry of Land,
planning to Japan’s River Law, River Improvement Plans Infrastructure,

that specify goals and actions for the next 20-30

170 “Nitrates,” Energy, Climate Change, Environment

171 «Nitrates.”

172 “The common agricultural policy,” Directorate-General for Agriculture and Rural Development.
173 “Conditionality,” Directorate-General for Agriculture and Rural Development, European Commission, accessed April 15, 2026.
174 “LIFE Programme,” European Climate, Infrastructure and Environment Executive Agency.
175 “Horizon Europe,” Research and Innovation.
176 “Horizon Europe.”
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years must be developed for major river basins,

either by the central or prefectural governments.'”’

Transportation, and
Tourism

Law Concerning Special Measures for Central statute Ministry of the
Conservation of Lake Water Quality (amended implemented by Environment
in 2005): For lakes with impaired water quality, prefectural
prefectural governments must form action plans governments
including measures to treat wastewater from
farmland and preserve vegetation around lakes.!”®
National Green Food System Support Strategy: The 2021 | Central statute Ministry of Farmers can also develop
Planning strategy sets targets to reduce chemical pesticide implemented by Agriculture, action plans and have them
use by 50%, reduce chemical fertilizer use by 30%, | prefectural and local | Forestry and certified by the government,
and expand organic farming areas to 25% of governments Fisheries which can unlock financial
national arable land by 2050.'7 In 2022, legislation support.'8!
was enacted to support these targets by delegating
prefectural and local governments to develop plans
to facilitate expansion of organic farming and area-
wide adoption of sustainable practices.'®°
Technical and | Direct Payments for Environmental Central Ministry of
financial Conservation Agriculture: The central Agriculture,
assistance government provides support payments to Forestry and
individual farmers who implement organic farming Fisheries
and pollution control measures. Payments are
offered to farmers that halve chemical fertilizer and
pesticide use and engage in practices such as non-
tillage sowing and planting cover crops. '
Green Food System Strategy Support Payment Central Ministry of
Programs: The Act to Promote Environmental Agriculture,
Burden Reduction Activities allocated money to Forestry and
technology development and experimental projects Fisheries

for smart agriculture. Money was also allocated to
help farmers reduce use of chemical fertilizer and
pesticides and expand organic farming.'%

177 “Japan's Experience on Water Resources Management,” Japan International Cooperation Agency, 2022.
178 «“Law Concerning the Special Measures,” Asian Water Environment Partnership.

179 “MAFF Publishes 2021 Status,” Foreign Agricultural Service.

180 «Japan Enacts Legislation,” Foreign Agricultural Service.

181 “Japan Enacts Legislation.”

182 «Japan Enacts Legislation.”
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Agricultural Subsidies: Starting in 2027, Central Ministry of
recipients of agricultural subsidies will need to Agriculture,
meet environmental standards such as appropriate Forestry and
fertilizer and pesticide use to receive payments.'34 Fisheries
South Basin-scale Water Management Areas (WMAs) and Federal and local Department of
Africa planning Catchment Management Strategies: Under the Water and
National Water Act (1998), South Africa is divided Sanitation;
into nine WMAs. DWS designates resource quality Catchment
objectives for water bodies in the WMAs. Local Management
Catchment Management Agencies develop Agencies
Catchment Management Strategies, reviewed every
five years, that plan for the management and use of
water resources within the WMA, in alignment
with resource quality objectives.!'®®
Regulation Waste Discharge Charge System: The National Federal Department of Registered nonpoint sources
Water Act (1998) authorizes a system that would Water and include specific activities
require upstream polluters to pay a Waste Sanitation such as irrigating land with
Mitigation Charge based on load discharged into wastewater but do not
downstream impaired waters. !¢ Registered include agricultural runoff.
nonpoint sources would be charged, with pollutant The system has not been
loads estimated based on management practices.'®’ implemented nationally.'88
Technical and | Comprehensive Agricultural Support Program | Federal Department of Target groups include
financial (CASP): CASP provides financial and technical Agriculture; smallholder farmers, new
assistance support to target farmer groups in enhancing Environmental agroindustries, farmer
productivity, sustainability, and overall agricultural Affairs; Rural cooperatives, black farmers,
development.'% Development and | women, youth, and people
Land Reform with disabilities.!
Green Fund: The Environmental and Natural Federal Department of
Resource Management Funding Window of the Environmental
Green Fund supports the protection of biodiversity Affairs

184 Nishino, “Japan to require all subsidized farms.”

185 «Starter Pack for CMAS,” Department of Water and Sanitation.
186 Reddy and Mgwebi, “Revision of the Pricing Strategy.”

187 Moodley et al., “Piloting the implementation.”
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and ecosystem services, including practices to
manage agricultural and land use impacts.'®!

LandCare Program: The LandCare Program Federal Department of
promotes capacity-building, skills development, Agriculture,
and planning for community groups to address Environmental
resource management problems. Local LandCare Affairs, Rural
groups assess local problems, determine priorities, Development and
and undertake action with government support.!'*? Land Reform

Conservation Biodiversity Stewardship Program: Landowners | Provincial Provincial

easements in biodiversity priority areas can enter into short- conservation
and long-term conservation agreements with authorities
provincial conservation authorities.'*?

UK Basin-scale River Basin Management Plans: Under the Water | Federal Environment

planning Framework Directive Regulations (2017), the Agency
Environment Agency must develop management
plans for each river basin every six years,
describing environmental objectives and steps to
achieve them, including measures to reduce
nutrient pollution from runoff.'**

Regulation Nitrate Pollution Prevention Regulations: These | Federal Department for NVZs cover 55% of land in
regulations (2015) designate Nitrate Vulnerable Environment, Food | England. DEFRA reviews
Zones (NVZs) at risk of nitrate pollution. In NVZs, & Rural Affairs NVZs every four years to
farmers must develop nutrient management plans (DEFRA); account for changes in
based on factors including soil conditions and crop Environment nitrate concentrations.!%
type and are restricted from applying fertilizer Agency

during certain weather conditions, times of year,
and in buffer zones near water sources. Farmers
must assess risks to water quality when developing
plans. A cap is also set on the annual amount of
manure that can be land-applied in NVZs, as well
as caps on the total amounts of nitrogen that can be
applied to different crop types.!”

191 “Green Fund,” Department of Forestry, Fisheries and Environment

192 “Land Care,” Department of Forestry, Fisheries and the Environment, Republic of South Africa, 2023.

193 Troeger and Wittmer, “South Africa’s Biodiversity Stewardship Programme,”
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Reduction and Prevention of Agricultural
Diffuse Pollution Regulations: These regulations
(2018), also known as the Farming Rules for
Water, detail how land managers must assess
pollution risks, develop nutrient management
plans, and implement practices to reduce runoff,
leaching, and erosion near water sources across all
agricultural land (not just NVZs) in England.!*’

Federal

DEFRA;
Environment
Agency

Technical and
financial
assistance

Catchment Sensitive Farming Program: The
program which provides free advice from locally
based advisors to farmers on a range of topics
including nutrient management.!*®

Federal

Natural England;
DEFRA;
Environment
Agency

Farming Advising Service: A national network of
qualified, independent advisers under contract

to DEFRA help farmers understand and meet
relevant federal regulations.!*’

Federal

DEFRA

Environmental Land Management Schemes:
These schemes pay farmers for environmental
services, including the Sustainable Farming
Incentive, which pays farmers to adopt sustainable
farming practices, the Countryside Stewardship
Program, which pays for targeted projects
producing environmental benefits in specific
locations, and the Landscape Recovery scheme,
which pays for longer-term and larger-scale
projects to improve rural landscapes.?°

Federal

DEFRA

Conservation
easements

Conservation Covenants: Landowners can enter
into long-term agreements with designated local
bodies to conserve habitats and improve
environmental outcomes.?’! DEFRA has approved
33 local bodies to manage these agreements.?%?

Federal (approves
local designated
bodies) and local
(manage
agreements)

DEFRA; local
designated bodies
(local councils and
non-profits)
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