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economic-cultural and climatic profile, there is growing demand for more consumer goods and 

food production. Agricultural activities followed by energy and industry are the major source 

of nitrogen pollution in the region. Nitrogen pollution creates impacts on greenhouse balance, 

climate change, human health, ecosystem and coastal habitats of South Asia. These 

damaging impacts are insufficiently addressed, and each has been treated in isolation for 

policy development.  

This issue has been recognized in the region and multiple activities have been undertaken. 

Efforts by SACEP member countries have led to adoption of UNEA 4 resolution on Sustainable 

Nitrogen Management SACEP in partnership with SANH to develop Regional Policy 

Framework on Nitrogen Management.  

I believe this assessment report will provide key information to address the sustainable 

Nitrogen management issues in South Asia.  
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I am exceptionally pleased to welcome this important contribution to advancing our 

understanding of nitrogen-relevant policies in South Asia. It is a unique achievement, drawing 

on the contributions from many partners of the UKRI GCRF South Asian Nitrogen Hub (SANH) 

across the region, and with major inputs from the South Asia Cooperative Environment 

Programme (SACEP). The report contributes to the work that SANH is doing in establishing 

and following up the UNEA-4 Nitrogen Resolution to highlight nitrogenôs role in the climate 

change and biodiversity challenge, including through implementing the Colombo Declaration. 

SANH with SACEP have championed the Global Roadmap for Sustainable Nitrogen 

Management (2020-2022) as a contribution to the UNEP/GEF International Nitrogen 

Management System (INMS). SANH is pleased to be able to help work towards open societies 

and conflict resolution by bringing together all eight countries of South Asia through nitrogen 

as an integrator for environmental diplomacy. 

Members of SANH are also hard at work in developing further the necessary science, research 

and technology to underpin the development of research-led agronomic, genetic and industrial 

solutions for circular nitrogen management. SANH scientists have identified key nitrogen 

threats in forests and coral reefs where new scientific data are needed to inform both climate 

and biodiversity policies, as well as raising awareness, including through the Nitrogen Massive 

On-line Open Course (N-MOOC), now translated into eight South Asian languages. Such 

actions and the resulting awareness are being amplified through the #Nitrogen4NetZero 

initiative in preparation for the 26th Conference of Parties (COP26) of the Climate Convention 

in Glasgow 2021. 

In this context, I am very pleased to see the publication of this joint report and commend it not 

only to South Asian governments but across the world, since the report is path-breaking in a 

global as well as a regional context. 

 

Prof Mark Sutton  

Director UKRI GCRF S outh Asian Nitrogen Hub  

Edinburgh, October , 2021 
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Eutrophication  When a body of water becomes overly enriched with minerals and nutrients 
which induce excessive growth of algae 

FAOLEX A comprehensive and up-to-date legislative and policy database, one of the 
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REPORT OVERVIEW 

The Sustainable Nitrogen Management Resolution was adopted in the 4th UN Environment 

Assembly (UNEA) held in March 2019, moved under the leadership of India. Spearheaded by 

Sri Lanka, in October 2019, the óColombo Declarationô was adopted by a group of member 

states with an ambition to halve nitrogen waste by 2030. The declaration urges countries to 

make comprehensive assessments of nitrogen policy, its management, and scientific aspects 

to move towards sustainable nitrogen management. This report contributes directly towards 

these actions for South Asia.  

 

The report has two key features. Firstly, it provides an overview of current nitrogen emissions 

and trends, drivers and impacts to explain why sustainable nitrogen manag ement is a 

globally important issue , as it is  for South Asia . Secondly, it contains a summary of the 

collection and analysis of 966 nitrogen related policies from South Asia . Until now little 

has been known about the nitrogen policy landscape for the region. Assessing nitrogen-related 

policies is crucial to identify the gaps and opportunities for managing nitrogen. An analysis of 

this kind provides an essential building block to understanding the quality of policies currently 

in place and to determine what is needed for the future. The policy database itself provides a 

valuable resource for South Asia governments and the wider scientific community. This report 

was developed by the South Asia Co-operative Environmental Programme (SACEP) and the 

UKRI GCRF South Asian Nitrogen Hub to contribute towards building a nitrogen policy arena 

for South Asia. 

 

SACEP is an inter-governmental organization, established in 1982 by the governments of 

South Asia to promote and support regional protection, management and enhancement of the 

environment. SACEP eight member countries include Afghanistan, Bangladesh, Bhutan, 

India, Maldives, Nepal, Pakistan and Sri Lanka.  

 

The South Asian Nitrogen Hub (SANH)  is a UKRI GCRF funded research partnership that 

brings together 32 leading research organisations and project engagement partners from 

South Asia and the UK. SANH is working towards enabling South Asia to óadopt and champion 

a strategic approach to nitrogen management, as a key step towards the Sustainable 

Development Goalsô. SANH aims to provide relevant scientific insights, identify barriers to 

change, and demonstrate the economic benefits of tackling nitrogen pollution. 
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EXECUTIVE SUMMARY 
1. This report provides an assessment of South Asia nitrogen emission trends and drivers, 

and a unique assessment of 966 nitrogen related policies, valid in 2019, from South Asia. 

2. Human interventions that convert nitrogen to its reactive form (Nr) have been essential for 

sustaining the global population. Whilst nitrogen is essential for life, excess Nr can cause 

catastrophic harm to people and the environment.  

3. Activities such as agriculture, transport, industry, energy production, sewage processing, 

and waste management have contributed to excessive Nr, impacting water and air quality, 

the climate, ecosystems, and soil. 

4. South Asia (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and Sri 

Lanka) is a major global nitrogen emission hot spot. Therefore, how nitrogen is managed 

in South Asia has global implications.  

5. Sustainable nitrogen management would contribute to the attainment of all 17 of the UN 

Sustainable Development Goals (SDGs). 

6. South Asia has been among the earliest to recognise the nitrogen threat and to act to 

mitigate it. 

7. This report, along with an open access nitrogen policy database, provides a valuable 

resource not only for policy makers in South Asia but also the global scientific community.  

THE SOUTH ASIA NITROGEN CHALLENGE:  

8. South Asia is a global hotspot for the main nitrogen compounds: nitrogen oxide, nitrous 

oxide and ammonia, with emission levels above global averages.  

9. Nitrous oxide has a global warming potential about 300 times that of carbon dioxide, while 

nitrogen oxide is 10 times more powerful. 

10. South Asia contains some of the most polluted world cities, in terms of particulate matter, 

(PM2.5 containing Nr), accounting for the largest number of global deaths and disability due 

to air pollution. 

11. Nitrogen oxide emissions have risen rapidly in the South Asia region, approximately 

doubling since 2000. The largest contributing source is electricity and heat generation, 

followed by road transportation and manufacturing and construction. 

12. Nitrous oxide and ammonia emissions in South Asia are steadily increasing. The main 

source of nitrous oxide is direct emissions from managed soils; ammonia emissions are 

closely linked to excessive commercial fertilizer applications.  

NITROGEN POLICY FINDINGS: 

13. The South Asia nitrogen-relevant policy database provides descriptive information.1 

Based on the text only, policies were further classified by sector, sink, policy type, and 

other indicators of quality. The analysis focused on policies with high/medium relevance 

and scope. 

14. Water was the most common single environmental sink identified, followed by 

ecosystems, climate, and air. Soil was the least common sink, despite both managed and 

unmanaged soils being a major Nr emission source. 

                                                           
1 The policy title, year of establishment, URL source (if available), type (legislation, policy, regulation, miscell-

aneous), country, territorial division (national or sub-national), language, and responsible ministry (if applicable). 
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15. Agriculture was the most common single sector identified in the policies. Transport, 

energy, waste and industry were less frequently featured. 

16. The policy type óframeworkô was the most common, followed by data and methods, 

research & development (R&D) and regulatory and economic elements (considered ócore 

policiesô with tangible actions towards Nr management). Commerce and Pro-nitrogen 

were the least common types. Over half of the policies featured multiple policy types. 

17. Most policies were classified as having a potentially positive impact (environmental focus), 

followed by mixed/neutral impact, with fewest policies classified as having potentially 

negative impacts, that is, that might promote unsustainable Nr practices. 

18. Policies rarely referred to pollution types (point source or non-point source), representing 

a potential policy gap.  

19. The findings suggest that only a small proportion of policies have attempted to integrate 

across multiple sectors and sinks, while also proposing a range of policy instruments. 

POLICY RECOMMENDATIONS: 

20. Reducing nitrogen waste is possible and a highly desirable policy goal limiting adverse 

environmental effects, with co-benefits for food production and the wider economy. 

21. Policy actions at multiple levels are vital to mitigate localised and transboundary effects.  

22. Key experts reveal barriers to nitrogen policy formulation include a lack of awareness of 

the Nr threats, a lack of data and reliable scientific assessments, poor coordination 

between ministries and departments, and limited engagement with wider stakeholders. 

23. In choosing sectors to prioritize for action,  

¶ Current levels of Nr pollution (e.g., excessive fertilizer in agriculture, biomass burning 

and ódirtyô industry and vehicles) should be high priorities.  

¶ Fast-growing/emerging Nr source sectors (e.g., human, animal and industrial waste) 

and areas where quick results are achievable, are also candidates for urgent action. 

24. There is scope to increase ócore policiesô, that is, regulatory and/or economic instruments 

to provide quantifiable limits and/or incentives to support sustainable Nr management.  

25. Support for óresearch and developmentô and the use of ógreen technologiesô for Nr can 

provide financial rewards and environmental co-benefits. For example, the use of neem 

coated urea reduces costs from excessive fertilizer application. 

26. Existing experience and best practices could be starting points, if optimized to local 

conditions and needs. Mutual learning within the region, can help fill policy gaps. 

27. Some policies indicate favourable policy features (multiple sinks and sectors and policy 

instruments) ï a desirable direction for future policy. More integrated policies and 

integration across policies would help address nitrogen issues systematically.  

28. South Asia can be world-leading in addressing the sustainable Nr management challenge. 

The foundations for catalysing further regional and international cooperation and actions 

to improving nitrogen management in South Asia have already been laid.  
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A. INTRODUCTION: REACTIVE NITROGEN THREATS TO 

HUMAN HEALTH AND THE ENVIRONMENT  

Nitrogen is a significant issue globally and for South Asia . Human interventions, and the 

production of reactive nitrogen (Nr), have led to nitrogen pollution, harmful to human health 

and the environment. It has been estimated that during the last century global Nr production 

has more than doubled as a result of human activity (Sutton et al., 2013; Erisman et al., 2011). 

This section summarises the nitrogen challenge as part of a balanced natural cycle with 

benefits, but that in excess has led to increasingly negative effects. 

Nitrogen (N) is everywhere and invisible . Almost 80% of the Earthôs atmosphere consists 

of nitrogen in its unreactive form (as N2), which is harmless. Some compounds of N r are part 

of important natural cycle processes that transform N2 into Nr, such as biological N-fixation 

and lightning activity. Eventually these compounds are transformed back to N2. Many Nr 

compounds in the soil help plant growth and are essential nutrients for food production.   

Human interventions , however,  have caused N r to accumulate  mainly through the 

production of ammonia (NH3) via the Haber-Bosch process, fixation by leguminous plants, and 

fossil fuel and biomass burning. Accumulation that exceeds the neutralizing capacity of the 

natural nitrogen cycle (Figure 1) causes a variety of problems. Excess Nr contributes to 

respiratory and cardiovascular illness, causes acid rain, soil degradation, ground and surface 

water pollution, coastal algal blooms, eutrophication,2 and dead zones.3 

The main N r compounds of concern are Nitrogen oxides (NOx), ammonia (NH 3) and 

nitrous oxide (N 2O) in air, and nitrates in water . They have been accumulating in our 

environment over several decades, affecting our health and local environment, in addition to 

their contributions to climate change. South Asia is a hot spot for all three compounds emitted 

to the air (Sutton et al., 2017).  

Excess  Nr can cause a range of beneficial and negative effects  (Galloway et al., 2003). 

These effects can be summarized under the acronym óWAGESô, referring to effects on water , 

air , greenhouse gases , eco-systems  and soil  (Sutton et al., 2013). These effects are 

summarised in Box 1.  

 

 

 

 

                                                           
2 Eutrophication is characterized by excessive plant and algal growth which can be due to the increased 

availability of nutrient fertilizers (Shindler, 2006). The rate and extent of eutrophication has accelerated due to 
human activities with excess reactive nitrogen, and other nutrients, entering water bodies. 
3 For a detailed review of literature on the health impacts of reactive nitrogen, see Gupta et al. (2017). 
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Figure 1. A system model for the nitrogen cycle . Source: University of California (2018 ) 

 

Box 1.  Summary of Reactive Nitrogen  (Nr) effects  

Water  Nitrate (NO3-) and nitrite (NO2-) are naturally occurring as part of the nitrogen cycle 

(WHO, 2011). Nitrites, nitrates, and ammonium (NH4+) as well as dissolved organic 

nitrogen can enter marine and fresh-water ecosystems as water pollution affecting 

soil pH and water quality. This can enter surface and ground waters through surface 

run-off and leaching through soil. Sources of excess Nr in the soil and water include 

excreta from animals and humans, and fertilizer products.  

Water pollution by nitrogen can have adverse effects on human and animal health. A 

prolonged dietary exposure of nitrate from water and/or bioaccumulation in food and 

animal/fish feed can increase the risk of specific cancers, birth defects, or other 

adverse health effects (Ward et al., 2018). Babies and young infants are particularly 

vulnerable. Nitrate does not normally cause health problems unless it is reduced to 

nitrite (NO2-). Eutrophication, that is, over-enrichment with minerals and nutrients, is 

another impact of excess Nr. This induces excessive growth of algae leading to algal 

blooms, creating dead zones, killing aquatic life. 

Air  Nr contributes to air pollution threatening human health. Nitrogen compounds can 

combine to exacerbate environmental impacts. NO2 (Nitrogen dioxide) and NH3- 
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(ammonia) in the air can react to form particulate matter (PM), constituting up to half 

of PM2.5 and PM5, causing serious respiratory, cardiovascular and other diseases 

from prolonged exposure, and can lead to premature deaths. The World Health 

organisation (WHO) reports that PM affects more people than any other pollutant 

(WHO, 2021).  

Airborne and waterborne nitrogen pollution are not entirely distinct as air pollution 

compounds can be deposited into the water, land, and soil. Similarly, nitrogen 

pollution that is waterborne can convert into gas.  

Greenhouse 

Gases 

(GHGs) 

Disruption of nutrient cycles has both climate warming and cooling effects. The 

greenhouse gas nitrous oxide (N2O) is the longest lasting warming component, while 

NOx leads to further warming by reducing plant carbon dioxide (CO2) uptake. 

According to the IPPC (2007) N2O has a global warming potential about 300 times 

higher than CO2, while NOx is 10 times more powerful. As a side effect N2O is now 

the main cause of stratospheric O3 depletion, increasing the risk of skin cancer. 

By contrast, atmospheric Nr deposition promotes plant growth and CO2 up-take, and 

Nr contributes to water-soluble particulate matter (PM), both of which contribute 

cooling effects. 

Ecos ystems  Different ecosystems will respond to nitrogen pollution in different ways (Sala et al., 

2000). Nr can cause acidification and eutrophication in ecosystems but the impact 

depends on several factors (Erisman et al., 2013). Species of high conservation and 

food value which are naturally adapted to ófew nutrientsô, for example, are threatened 

by eutrophication.  

5-15% of current global biodiversity loss is linked to Atmospheric Nr deposition (Sala 

et al., 2000). In addition soil nutrient shortages limit productivity and can force farmers 

to seek additional agricultural land, leading to agricultural encroachment further 

threatening ecosystems. Land-use change, associated with food production, is the 

biggest driver of biodiversity loss. 

Soil  Too much Nr input can lead to soil acidification, particularly in agricultural ecosystems 

with intense rates of fertilization. While this can be mitigated, the effect tends to 

deplete essential soil bases in natural soils while mobilizing toxic metals, risking 

vegetation health and freshwater fish populations. Excessive use of nitrogenous 

fertilizer is costly and wasteful. By contrast, insufficient nutrient availability in 

agriculture leads to loss of soil fertility and can exacerbate soil erosion. 

 



 

Page 15 of 79 
 

South Asian Regional Cooperation on Sustainable Nitrogen Management 

The United Nations Environment Programme (UNEP) report Frontiers 2018/19 identified Nr 

as one of the five emerging threats facing our planet (UNEP, 2019). The report highlights that 

the accumulation of Nr has made the nitrogen cycle one of the most anthropogenically altered 

elemental cycles on earth (Sutton et al., 2019). Activities such as agriculture, sewage 

treatment, waste burning and fuel burning for power, transport and industry produce far more 

nitrogen compounds than through the natural cycle of nitrification and denitrification. Nitrogen 

has also been flagged as exceeding planetary boundaries, therefore already operating in a 

high-risk zone (Steffen et al., 2015).  

Nitrogen pollution threatens the environment in multiple ways with knock on effects for society 

and the economy. For example, the combined cost to ecosystems, climate and health was 

estimated at over ú70 billion per year to the European Union (EU) alone (Brink et al., 2011). 

Most of these costs were attributed to the impacts on human health. It was further reported 

that by óhalving nitrogen wasteô by 2030, as called for in the Colombo declaration, could save 

US$100 billion annually (Sutton et al., 2021). These savings could contribute to post-

coronavirus disease 2019 (COVID-19) economic recovery and multiple Sustainable 

Development Goals (SDGs) (see Sutton et al., 2021). In the recent 8th International Nitrogen 

Initiative Conference (INI2020) it was highlighted that Sustainable Nitrogen management, 

would contribute to the attainment of all 17 of the UN (SDGs) by 2030. 

 

 

 

Summary of Section A:   

¶ Nitrogen is an essential element for life, yet reactive Nitrogen (Nr), through human 

interventions, has become overly abundant.  

¶ Excess Nr causes pollution which effects water, air, greenhouse gases, eco-

systems and soils (WAGES). 

¶ South Asia is experiencing severe environmental pressure, compounded by 

ineffective nitrogen management.  

¶ Tackling nitrogen and halving nitrogen waste could save billions annually, 

benefiting ecosystems, climate and human health.  

¶ Sustainable nitrogen management would contribute to attaining all 17 SDGs. 
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B. NITROGEN EMISSION TRENDS, DRIVERS AND 

IMPACTS IN SOUTH ASIA  

South Asia has one of the fastest growing economies in the world, yet economic progress has 

been coupled with increased pressure on natural resources and the environment (UNEP, 

2021). Ecosystem services are under severe pressure due to air pollution, depletion of water 

quality and quantity, dwindling forests and coastal resources, and soil degradation all issues 

that are exacerbated by nitrogen pollution. South Asia contains several global hotspots for Nr 

pollution, both in its larger cities and across the Indo-Gangetic Plain. This section provides an 

overvie w of current nitrogen emissions, trends, drivers and impacts for the three main 

Nr pollutants  nitrogen oxides (NOx), nitrous oxide (N 20) and ammonia (NH 3). These 

findings outline why sustainable nitrogen management in South Asia is an important issue 

regionally and globally.  

Whilst South Asian countries have their own country level nitrogen data, for comparative 

purposes in this report the major international analysis of nitrogen emissions, sources and 

trends are sourced by the Emissions Database for Global Atmospheric Research 

(EDGARv5.0). Data refer up to 2015 and are provided for each South Asia country and for 

the region. The emission data are provided in the following order: nitrogen oxides (NOx), 

nitrous oxide (N20) and ammonia (NH3). For each nitrogen compound the emissions status in 

2015 is provided, along with emission changes between 2000 and 2015 further standardised 

by per 1000 capita, and then the main sector sources are listed. 

B.1 Nitrogen oxides (NOx)  

Nitrogen oxide emissions from South Asia make up a major proportion of global emissions, 

and relative to the rest of the world, South Asian emission levels have risen between 1970 

and 2015 (Appendix 4 Figure 2). Figure 2 shows the hot spots of nitrogen oxide (NOx) 

emissions, with major concentrations coming from the towns and cities in the Indo-Gangetic 

plain and in south India (see also Decina et al., 2020). The contributions of the main shipping 

routes are also clear. Tables 1, 2 and 3 show the main sources and trends of NOx emissions 

in South Asian countries in 2015.4  

Table 1 shows that India was the major contributor to NOx emissions in the region, but on a 

per capita basis, Maldives, Bhutan and Sri Lanka show higher figures (details in Appendix 4 

Table 1). It also shows that in all South Asian countries, NOx emissions have been rising 

rapidly, approximately doubling since 2000 in the region, with a 107% increase in NOx 

emission observed in 2015 as compared to 2000. The greatest relative increases in NOx 

                                                           
4 Detailed tables can be found in Appendix 4, Tables 1 and 2, and Figure 5. 
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emission were observed in Afghanistan (+668%), Bangladesh (+228%), and Maldives 

(+169%).  

Table 2 shows that overall, in South Asia, electricity and heat generation (at 37%) is the largest 

contributor to NOx emissions, followed by road transportation (27%) and manufacturing and 

construction (21%) (Appendix 4 Table 1). Table 2 also shows that in most of the countries 

road transport, and electricity and heat production sectors are the major contributors to NOx 

emissions. In Bhutan, India, Nepal, Pakistan and Sri Lanka, manufacturing and construction 

also make substantial contributions. In Nepal and Bhutan, a major source of NOx is óOther 

sourcesô, which refers mostly to residential combustion (use of biomass for cooking and 

heating). 

Figure 2: Nitrogen oxide (NOx) emis sions across South Asia, 2015  

Note: EDGAR v5.0 Global Air Pollutant Emissions data sourced from Crippa et al (2019a) 
The darker purple to blue colours indicate high concentrations of NOx per hectare per year. 

  


