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Foreword t Messagdrom the SANH Project
Scientific Coordinator for Sri Lanka

Nitrogen pollution is one of the main global environmahissues in the 21
century. The itrogen cycle is affected by industrialization; causing many
adverse effects to the environment and the human kibespite the fact
that nitrogen pollution has a significant negative impact, the global
commurity pays little attention to itIn the future,nitrogen pollution will

be one of the most serious risks to life earth. To address this problem
regionally in South Asi&enter for Ecology and Hydrology (CEH) of UK with
the suppat of the UKRIGIlobal Challenge Research Fui@CRFhad
initiated a research hub as South Asian Nitrogen Hub (G&RH). Thirty
two leading research institutions in South Asia and UK had engaged as member organizahens of
SANH, andhe CEHs coordinatingthe project. All eight countries of South Asare members of the
SANH.

The main objective adhe SANHsto reducenitrogenlossesn the agriculturesectorthrough efficient

use of resourcessuch as manure, urea aniological nitrogen fixation processesgtc. Also it
encourages policy makers to shgthen policies on nitrogen pollutioacross multiple sectors
investigate the impacts and flows of nitrogen pollution in the region, raise awareness on the nitrogen
challenge on the community, and predict future nitroggtates.TheSANHas laid its foas onstudies
under four work packages to achieve tket targets. Regional legislation &alysedin the work
packaggWP)1 to map existing regulati@related to nitrogen use and impacts in member countries.
This reportwas prepared as an outcome of ¢hanalysis of the country policy staturs regulating
nitrogenuse andpollution controlin Sri Lanka.

Out of 32leading institutions involved ithe project, University of Peradeniya is the main institution
of Sri Lanka conducting research and suppordiegjsion makers on the nitrogen status of the country.
University of Peradeniya contributes to the projdwt activelyinvolvingin the WP 1 (building the
nitrogen pollution arena)WP 2 (nitrogen solutions to maximize resiliencemnefits and reduce
trade-offs), andWP3 (improving understanding and awareness of key nitrogen threats).

Several global initiationisave been proposetb control and minimize the effect of nitrogen pollution.
Following theColombo declarationa notable initiative as stated abovemember countrieshave
pledgedto halve their nitrogen pollution by 2030. Thereforea ampleconcern has initiated on this
problem at the country level, but the extents of the portance of these actionshave not been
properly penetratedo the community.

Beinga project dedicated tdinding solutions throughincreasng awarenessbuilding capacitiesind

formulating regulations for sustainable nitrogen managemeibtis essential tostudy the present

status of the policy level interventisto supportpolicy malers to amend existing and/do develop

new policies to regulataitrogen pollution This is thdirst comprehensive study conductéal analyse
the existing policy environment in Sri Lanka related to Nitrogen use and managemesind¥eely
believethat this report willbe a useful resource providing insights to the Sri Lankarsda& malkers

to design an effective policy framework ¢ontrol nitrogen pollution and mitigatits negative effects
on environment and human health

Prof.N.A.A.S.P. Nissanké&&ANH Project Scientific Coordinator for Sri Lanka
Peradeniya, June, 2022
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Foreword- Message from
the Director of South Asian
Nitrogen Hub

This report, prepared by the University of Peradeniya in partnership with the
UKRI GCRF South Asian Nitrogen Hub (SANH), without doubt represents a
milestone in international cooperation on sustainable nitrogen management.
The foundation of the Hub is clely linked to South Asia €perative
Environment ProgrammgACEP) and nitrogen policy, with a key moment
being the joint workshop on Sustainable Nitrogen Management between
SACEP and the International Nitrogen Management System (INMS) held in
Malé, Septenber 2017. Key outcomes of the meeting included a draft
resolution, which was ultimately adopted at the United Nations Environment

ee U 0C|[e #Hn March 2019 led by India. Agreement to cooperate in a

competitive proposal to UKRI ultimately establisiieed GCRF SANH.

The work in this report represents one fruit of this cooperation between policy makers, and of social
and natural science researchers into current nitrogen policies in South Asia providing a foundation to
inform future policy development. gart from its immediate contribution to the SACEP Roadmap for
Nitrogen Policies in South Asia, and the GCRF Nitrogen Hub, this document is also an important
regional contribution to following up the Resolution on Sustainable Nitrogen Management at UNEA
4.

Actions in this wider policy context have since been accelerated by the Colombo Declaration in
October 2019, which highlighted the need for National Roadmaps on Sustainable Nitrogen
DVPuvs o}vPe] v A u]3]}lv 8} ZZ oA v]3cESHY 2030 Fhe jocEuU 00 °}
presented in this report provide building blocks for the necessary change, and at the same time the
opportunity for cleaner air, water, soil, less climate and biodiversity impacts, healthier lives and
stronger economy. Globallalving nitrogen waste could offer a resource saving worth 100 billion

USD per year, which is a strong motivation for action.

The present report will be especially useful as we move forward. In addition to input to SANH, INMS

and SACEP, other UN member mies can see comparative data and share lessons. We are
celebrating the adoption in February of a new Resolution on Sustainable Nitrogen Management at
UNEAAX dZ]e v }u&E P « }uvsSE&] « Z§} o & § S]}v 8} epn ¢85 v8] oo0C
2030 v Clv [X dZ]* ]* SZ (]E+*S SJu SZ S ep Z & W S]}v]vs vs (}E v]
universally by the UN, and it is therefore a major step forward to the UN Sustainable Development

Goals (SDGs). The information and the lessons from theepteeport are therefore very timely in

providing support to turn this ambition into reality.

Prof Mark Sutton
Director UKRI GCRF South Asian Nitrogen Hub
Edinburgh, June, 222
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Executive Summary

Nitrogen is essential for life, but nitrogen in its reactive forn) (Nexcess can causes severe harm to
people and the environment. Excess reactive nitrogehi@\a significant issue glalyy and for South

Asia. Multiple sectors including agriculture, transportation, industry, and energy sectors have
increased their share of nitrogen pollution and related greenhouse gas (GHG) emissions due to
growing anthropogenic demands.

Five principathreats of nitrogen pollution are to water quality, air quality, greenhogss balance,
soil quality, ecosystems and biodiversiyddressing climate change by reducing greenhouse gas
(GHG) emissions is a key priority in international politics. Managitiggan is essential for
international climate change mitigation with nitrous oxide@) x 300 more warming potential than
CQ. South Asia ia global hotspot for Nemissions for the main nitrogen compounds: nitrogen oxide,
nitrous oxide and ammonia, witemission levels above global averages.

Nitrogen pollution can be managed directly or indirectly by legislation, financial or regulatory
measures taken by governments. Government and-gowernment measures can support and
encourage efficient nitrogen mmagement, and henceminimize the negative impactsThe
management of nitrogen is a major issue of international policy, yet information about nitrogen
policies at national levels is scarce. There is a limited understanding of the policies, the issues
addressed, and the types of instruments used, and how existing policies might impact nitrogen
pollution.

The South Asia @uperative Environment Programme (SACEP) and SANH undertook an initial South
Asian regional assessment of nitrogen emissions and pailitycieeated a database of 966 nitrogen
relevant policies from South AsiBhis database includes 115 nitrogen related policies collected from
Sri LankaDrawing on that database, this SANH national report outlines the implications of these
findings for SriLanka. Tis country report is the first of its kind to provide a national overview on the
extent of nitrogenrelated policies for Sri Lanka.

The results of the policy analysis depict thia recentSri Lankaigovernments have taken a number
of positive policy initiatives to curb;ollution caused byhe agriculture, industrial, waste, land use,
energy and transport sectors in Sri Lartkawever, data shows thangissions from all three nitrogen
compounds, ammnia (NH), nitrogen oxides (N and nitrous oxide (}D), have been increasing
over time in Sri Lankand elsewhere in South AsiBhese results highlight that current policy efforts
so far have not yet been able to stabilise or redugemissionsThereport highlights the issues and
challenges around nitrogen pollution and management, with recommendations for action.
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iBIntroduction

1.1Lead institution and SANH

The South Asian Migen Hub (SANH) is a UKRI
GCRHunded 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
°] S} Z }%S VvV Z u%]}v *SE S P] %%E} Z
to nitrogen managementas a key step towards
§Z ~ues v o A 0}%u v3 '} o[X M E, Jus
to provide relevant scientific insights, identify
barriers to change, and demonstrate the
economic benefits of tackling nitrogen pollution.

SANH includes eight South Asian countries

Afghanistan, Pakistan, India, Nepal, Bhutan,

Bangladesh, Maldives and Sri Larkkese eight

countriesare also partnersin the South Asia Co

operative Environment Programn{8ACERWhich outlinesashared visiondr a Bealthy environment,
resilient society and regional prosyy for the present and futurgenerationsfor the 2020- 2030
decade

SANHesearch programmef®cuson the followingfour key areas:

1. Building the nitrogen policy arena for South Asia;

2. Testing options for improving N management, from agricultural practices to technological

recapturing;

Studyingthe impact of nitrogen pollution on the key ecosystems, corals and lichens;

4. Buildng an integrated framework to look at nitrogen flows betweeandl, water and
atmosphere across the region.

w

1.2What is the purpose of this report?

This report is part of SANH actions towatuslding the nitrogen policy arena for South Asid is
specifically focused on theveluationof current policies, progress atwhrriers across different scales
within each of the eightountries. Ouapproach firstly looked at the regional scadednow aims to
focus on the national scale.

1 A joint publication by SACEP and SANH provides a regional overview of the nitrogen policy in South Asia (SACEP
SANH Report, 2@2. In addition, a regional policy analysis has been prepared for academic publication, and the
South Asia case study will form part of a chapter in a global nitrogen assessment being prepared by the
International Nitrogen Institute.

Page8 of 81



This report provides aecessary step to understandinlget current nitrogen policy landscape f8ri
Lankawithin South Asia. National level reports of this kind are being prepared for each of the eight
SACEP member countries.

The report is structured in the following way:

i. Issuesand challenges around nitrogepollution and management.
ii.  Overview of thenitrogenissues at thglobaland national scale.

iii. Methodsand results from the SANtitrogen policy dataset.

iv.  Thedrivers of emissions and policy trends at the country level.
v.  Case study overview into sors@nificant nitrogen control policies
vi. Emerging issues

vii.  Recommendations

1.3Whyfocus omitrogen pollutior?

Utilising nitrogen in its reactive forn(N;), has been essential for human development. Nitrogen has

been altered in order to produce chemicals, fertilisers, and other useful products (European
Commission, 2013). Agriculture depends on nitrogen, Mattilisers largely synthetig making it

possibleto fulfil global food demands. Likewise transport and wider industry dependslijem fossil

fuels for energymeanwhile emittingN; as a by% €} p X /8§ Z o v «8Jus§ §Z § "Po}
nitrogen production has more than doubled during the lasvéGen EC & epos }( Zpu v S

(Sutton et al., 2009). _ . .
Figure 1. Threats from nitrogen pollutign

Human interventions and increasing use df, Source: Sutton and Billen, 2010
have led to nitrogenpollution. Nitrogen pollution
can be defined as nitrogen containing compoun
which contribute to the disruption of the nitroger
cycle, causing environmental damageN;
compounds occur as gaseous air pollutants a
include ammonia (N4, nitrogen oxides (N, and
nitrous oxide (MO). N: further occurs as water
pollution in the form of nitrites (N&); nitrates
(NG); and ammonium (NH+) (European
Commission, 2013).

The gowing demand of sectors such as

agriculture, transport, industry and ener@ave given rise tgharpincreasesn the levels of nitrogen
pollution and related greenhouse gé&HG)emission(UN, 2019)FHve principalthreats of nitrogen
pollution are to water quality, air quality, greenhousgas balance, ecosystems and biodiver&e

Fig 2.

Reductions irGHGemissions ar&key to combating climate changand akey area in international
politics. TheParisagreement, in 2015is a legally bindingnternational commitment tolimit global
warming to well below 2, preferably to 1.5 degrees Celsius, compared {mgustrial levelfUNFCC,
2021). Nitrogen management igessential for internationatlimate chang mitigation actions. It is
known thatnitrousoxide (NO)produced byindustry and combustion, for example, is 300 times more
warming potentiathan carbon dioxid¢CQ) asa GHERobertson et al. 2013)
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1.4How doegeactivenitrogen (N) impact the environment and human health?

Nitrogen pollution threatens the environment in multiple ways with knock on effects for society. For
example, the combined cost to ecosysteh oJu 8 v Z 03Z A « «3Ju § § JA E 161
year to the Elalone Brink et al., 2011 Most of these costsvere attributed to the impacts on human

health.

Nitrogen global emission maps reveal south Asia as a hotspoF{gees 2 and 4. Figure? illustrates

the hotspots fornitrogen dioxide (NO,) atmosphericpollution. Figure3 illustrates the extent of
nitrogen oxide (NQ) emissions across South Asia in 2015. The darker colours in the map represent
those locations withhigher emissionsDirect exposure to NQ and indirect exposure can lead to
respiratory isues including lung damage. These emissions are often correlated with toxic pollutants
from industry and transport. Transport is also a significant sourcenitoogen oxides (NG and
particulate matter (PM) emissions (Kegl, 2007).

According to the WorldHealth Organisation (WHQpany of § Z A} most[badlyaffectedcities in

terms of PM s pollution are in South Asia, accounting for the largest number of deaths and disabilities
due to air pollution. Particle size is directly related to their poterftalcausing health problems. Fine
particles (PMs) can cause the greatest health risk (United States Environmental Protection Agency,
2019) PM oncentrations are argued to be higher in areas of growing populations undergoing fast
urbanization and indusialization (Ji et al., 2018).

Figure 2. Global map of N@nitrogen
dioxide) atmospheric pollution

Source: European Space Agency (200@k:
Low levels of pollution are dark blue running 1
dark red for highest levels.

Figure 3. N@(nitrogen oxide) emissions across
South Asia, 2015

SourceSACESANH (2022)lote: EDGAR v5.0 Global A
Pollutant Emissions data sourced from Crippa et al
(2019a).

Nr can enter surface water and groundwater as a consequence of agricultural actigditheexcess
application of synthetic fertilizers anchanures (WHO, 2011). In additiowastewater treatment,

diffuse pollution, discharges from industrial processes, and motor vehicles also contributtmil

in water systems. Exposure to nitratesdinnking water can bearticularly harmful to infants.

Nitrogen pollution, in its reduced form, can occur in the air as ammonia) @&itd in the water as
ammonium (NH+). Ammonia(NH) is increasingly seen as problematic. Teposition ofammoniag
both wet and dry, can lead to soil acidification, nutrient leaching, eutrophication, and ground water
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pollution (European Commission, 2Q1A8gricultural activities reportedly account for approximately
80%t90% ofthe overallanthropogenicammoniaemissimis Bouwman et al., 1997; Zhaegal., 2010)

Ammoniais considered to banore harmful to ecosystems than nitrogen oxides {NEspecially when
deposited in its dry form (Hicks et al., 201%puth Asia ia global hotspot foeammoniaemissions,
indicatedin Figure 4The extent of ammonia emissions in South Asia are illustrated in further detail in
Figure 5.

Figure 4. Global map of NHammonia)
emissions

Source: Xu et al (2019) Note: this map is based
off simulated ammonia emissions in response
to application of synthetic nitrogen (N) fertilizer
in the 2000s. Spatial resolution of 0.5 by 0.5
degree.

Figure 5. Nk (ammonia) emissions across
South Asia 2015,

Source SACESANH (2022) Not&DGAR v5.0 Global
Air Pollutant Emissions datawsced from Crippa et al
(2019a).

The direct and indirect environmental and health impacts of differ@ittogen molecules are
illustrated inTable 1. The table indicates where there are some overlaps betWweemission sources
and impacts, and unique differences

Table 1. Overview of reactimiérogen emissiosand relatedenvironmental andhealth impacts
Source: adapteétom Erisman et al(2013 and UNEP (2019)

Emission Source Benefit Environmental andHealth
impacts

Nitrate (NQ) Wastewater, Widely used in NOsforms particulate matter
agriculture and  fertilizer and  (PM)in air and affects health. Ir
oxidation of NOx explosives water it causes eutrophication.

Nitric oxide (NO) and Combustion from NO is essential NO and N@(or NQ) are major

nitrogendioxide (NOy) t transport, for human air pollutants, causing heart

collectively known as NO industry,and physiology but disease andespiratory issues
energy sector NG has no e.g.,asthma, respiratory

known benefit. disorder, inflammation of
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(nitrogenoxideg airways, reduced lung function:
bronchitis,and cancers

Ammonia(NH) Manure, urine, NH; is the NHscauses eutrophicatioand
fertilizers and foundation for affects biodiversity. It forms
biomass burning amino acids, particulate matter(PM)in air

protein and affecting health (See NO and

enzymes. NQ; above)
Ammonia is
commonly - modest odour contrition
used in
fertiliser.
Nitrous oxidg(N.O) Agriculture, Used in rocket Health impact due to global
industry, and propellants warming, often enhanced by
combustion and in medical eutrophication

procedures as health impact due to loss of
laughing gas. stratospheric ozonelepletion.

In addition, the enhancement of
vectors for infectious diseases
(e.g. malaria) and frequency of
infestations (e.g. algae blooms
insecty.

Provisiofing, regulating supporting and cultural
ecosystem servicéscan be directly and indirectly
affected by N. Impacts are further intensified via
interactions with other humastaused
environmental change, such as land use and climate
change,along with other pollutants. For example,
fertilizer runoff cancausefreshwatereutrophication
leading to harmful algal blooms and dead zones,

killing fish stocks, as visible in Image 1. o , ,
Image 1.Fish in an intensive monoculture

Yet understading nitrogenand its interactions with pond in aneastern Bangladesh wetland
the environmentis complexdue to the large spatial Source: Arju (2019]Jhe Third Pole

and temporal variability this is made even more

complicated Z § Z E the R&scade of nitrogen through the environment and related lirddéetts|
(Erisman et al. 2033

Whilstlocal sourcesf nitrogen pollution such as air emissieand run off contribute to local effects,
they alsocan contribute to accumulations at subnational to global sca{&isman et al. 2013)

2Ecosystem serviceseadefined as the ecological and so€iconomic value of goods and services provided by
natural and semnatural ecosysteméErisman et al. 2014)
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Nitrogen pollution does not respect country boundariéherefore tackling nitrogen pollution
requires transnational cooperation

SANH work across the eight souttAsian countiesto reinforce and supporteffective nitrogen
management througla coordinated andntegratedapproachin the region Collaborative effortso
tacklenitrogenare alreadyunderway In 2019 speaheaded by Sri Lankeith the support of the UNEP,
§Z Coélombo Delaration on Sustainable Nitrogen Managementwas adopted andoutlines an

u ]3]}v 8} ZZ oA Vv]SE}P Wnied Blatiofs imémpxr statdsave endorseé proposed
roadmap for actioraddressinguitrogen challenges

1.5How carpolicy support sustainabl@trogenmanagemer?

Governments may take number of legislative, financial or regulatory measunesrder to manage
nitrogen pollution directly and indirectlyAdditionally measures both through government and
outside of govenment can support and incentivise the managementitfogen more effectively,
minimising negative impact$ultiple scales and actors also need to be considered in how to target
actions.

Traditional policy interventions that deal with nitrogen managetneam include (Dalgaard et al. 2014):

1) Command and control (C&C%. the classic regulation type, where an action or pollution
practice is forbidden by law, controlled by the authorities, and fined if in violation.

2) Market-based regulation and governmentaixpenditure (MBR)for example when the
managementof pollution behaviouris regulated via market incentives, typically via a green
tax (e.g. Naxation) under the golluter payq principle (Carter 2007) awhen funds are
providedto promote environmenally friendly behaviour

3) Information and voluntary action (IVAlxe promotion of sustainable fhanagement practices
via knowledge production, communication, technologies as well as research and extension
services. These actions may also be subsidisfahded by governmeltgs).

Another measure for reducingjtrogen pollution requires the efficient use of nitrogen, particularly in
agriculture (see box 1). Improvingrogen use efficiency (NUE) in agriculture is becoming increasingly
vital, as global food demands are set to grow by 50%00%by 2050(Connor et al2011; FAO 2017).

Focusing measures at one scale can also be limited. A study identified that the majority of policies
aiming to reduce N pollution in agriculture targeted one scak., farm level (Kanter et al 2020b).
However, such policies on their own are argued to be inadequate lasNalso happens beyond the
farm. There are opportunities for intervention along the value chaimn fertilizer manufaturers,
transportation retailers, consumption and wastewater treatment (Kanter et al. 202Dbg approach

§Z § S| ¢ §Z]« Jvs} }uvs Je Z23Z v]EES Rids]addhted by @e EYvr} 2015,
aimingto maximise resource efficiency at all steps along the vahagnq UNEP, 2019).

Nitrogen pollution is not just an issue for agriculture. Addressing other sectors such as energy, waste,
industry, transport, urbanisation, tourism, and moigalso vital for addressing the global N challenge

for example, tackling eissions of air pollutants from transport. National measures can incdetteng
limitsor target values for ambient concentrations of pollutants, limits on total emissionsfatgpnal

totals) and regulating emissions from the traffic sector by seténgssions standards or by setting
requirements for fuel qualityfEEA, 2021) ocalised measures may include/-emission zones in cities

and congestion charges.

Pagel3of 81



Box 1. Nitrogen Use Efficiency (NUEAgriculture

Agriculture is the economisector withthe highest nitrogen useand the main source of N
pollution (European Commission, 2013). Nitrogen use in agriculture is often extremely ineffic
§Z Po} o Eh }( & o E + (E}u <019 Jv i60i S} <119 |]
highlighing that the majority of fertiliser applied globally is wasted, with NUE decreasing|c
time. NUE is further reduced when widened out to the entire food system. Sutton et al. (2009
stated that:

NdZ Po} o (}} Z v Z - u Vv v]Eof R4% fpreplant rotuets and 4% fo
animal products (meat, dairy, egg).The remainder is dissipated into th€ehviu vtd a¥, and
Yto groundwater and surface waters.

AddressingEh  }po % & } Ain sceBakipjargues Sutton et al. (2009). Studies have shov
it could be both environmently and financially beneficial. Improving NUE is focused -
minimising damaging emissions of nitrogen whilst maximising the benefits gained (Euro|
Commission, 2013).

Improvenents to NUE require changes to agricultural practices. Scientists argue that sustair
agriculture practices, especially those closer to the natural systems, are a way forward|.
%o E& S] v ]v op Aulv]u o S]Joo P U ]vS$§ KEraRs, dgréen \niabures
(including legumes), animal manures, broad crop rotation, effective use of crop residues,
OV e % %o vv]vP _,wastdlanduncredase NUE (Jarvis et al., 2011; Sutton and Bil
2010; European Commission, 2013). Yetiatgrvention can have drawbacks and the suitabilit
will be site specific. Policy itself plays a crucial role in guiding actions towards more efficien
effective nitrogen management.

Figure 6 gives some examples of other measures that can promote a@iepractices to reduce PM
pollution. These aréi Zu}+3 (( 3]A [aslistequEthe Climate and Clean Air Coalition (CCA).
Figure 6 indicates some existing measures, those with recent legislation, and those with further
potential being implemeted in Asia and the Pacific. Pasimbustion controls, clean cooking,
industrial process emissions, along with emission standards for road vehicles are the measures
indicated to have the most impact in reducing M

Interactions between sectors need twe considered alongside potential impacts to environmental

sinks. Likewise sink focused policies, such as air quality, soil, climate, ecosystems, and water are best
placed when they identify the risks from sectmaised activities with options to mitigatedaerse

impacts. UNEP (2019) advises, in science and policy, asouttie, multisector perspectivéhat will

allow synergies and tradeffs to be better understood. In addition, a holisiittegrated and coherent

approach is required to address the gidlechallenge of managing nitrogen effectively and efficiently.

D}E }A E Z+eu ES & Ppo 3]}v[* 8Z pe }( upod]%o & §Z E 3Z v *]JvPo
range of regulatory actors, will also produce better regulation outcomes (GunningharSiaidir,

1998).
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Figure6. Impacts opopulationweighted exposure to PMin 2030 from implementation of 25 clean
air measures, ranked by further potential
Source: Climate and Clean Air Coalition 2019; UNEP 2019

1.6 Global and South Agmalicy events

TZ hE W E %}ES ~7iide }v Z u EP]JVP Jeep ¢ }( VA]JE}vu v3 o }v EV]

are fragmented which isapparent for example in the Sustainable Development Goals (SDGs). The
ANty ] 8}Ee E A o 3Z 5 V]ISE}P v ywhajedbubbakely Sisitdeugmavhete. Ehe
exception is for the nitrogen related indicator associated with the SDG 14.1 on life below water.
Proposals to adopt NUE or N losses into the Sitaseyet to be implemented

Severalinternational policy eventsn relation to nitrogencan be linked to activities in South Asia
(Fgure7).The International Nitrogen Institute (INI), established in 200 key initiativeéhat helped

catalyse following events globally and in South AsidndBH core goal to optimizee ]SE}P v[e v (] ] o
E}o Jv epe3 ]Jv o0 (}} % E} p 8]}v v u]lv]u]l RISHEAR ety 202 S]A  ((
2012, theSouth Asian Nitrogen Centre (SAMN@3 establishedsoneof the sixXINIcentresin the world

SANCalso is part of theGlobal Partnership on Nutrient Management (GPNWhich forms a
partnership of governments, scientists, policy makers, private sector, NGOs and international
organisaions torespand to $Z Zv u § @é GBNM currently chaired by Indmunder the UNEP
Global Programme of Action for the Protection of the Marine Environment from-Basdd Activities
(UNEP/GPA)Thispartnership hadacilitated further research on Nand led to furtherinitiatives
including the formation of SANH.

The UN Resolution oru§tainable Nitrogen Management (UNEP/EA.4/L.16) has further brought South
Asia into global focus, leading to tl@lombo declarationon October 2019. With the declaration
comesthe ambitionto Halve nitrogen waste by iii[ AZ]o+*3 Z]PZo0]P Z & perefszacragso 5] %o 0
all the UN SDGE&urthermore, a roadmap for policy change was proposed, including in its activities to
establish an Inteconvention Nitrogen Coordination Mechanism (INCOM). INCOM would establish
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coordination mechanisms across relatedeimational conventions to promote action on Sustainable
Nitrogen Management 2022024 to address nitrogen pollution and report to the sixth session of
United Nations Environment Assembly (UNEA). In March 2022, at-BIREsAnew resolution on
nitrogen managmentled by SriLanokawas adoptedand aims ¢ build the pathway for the second
phase of action in UNE& UNEA encourages member states to nominate the focal points and to
develop nitrogen National Action Plans.

Prior to theseeventsin 1982, SACERvas establised with the mission tgpromote regional ce

operation in South Asia the context of sustainable developmerBACERImMongst other actions
juul]ee]}v  hE W (pv & e+« €& Z }vV ZZEUSE] vS o} JvP v S E } %o Z
§Z AIUSZ ]V e o[[X A W e EA e o V}3Z E I C u ZvV]u (}JE EF

collaborations to tacklmitrogen waste.

1.7What do we know abduwitrogenpolicie®

Nitrogen management is a major international policy isandinternational policyactions are easier
to track Lessis known about the nitrogen policy landscape at national levels (Kanter et al..2020)
limited understandingc.emains of how many nitrogerrelated policies there are, what issues they
address, and what types of instruments are used. In additiow existing policies may inadvertently
lead to increases in nitrogen pollutiamalso poorly understood.

An initial internaional assessmerdttempted to address this knowledge gap creatingsZ A}Eo [
first nitrogen pollution policy database. Kanter et al. (20&ntified 2,726 policies across 186
countries derived fronthe ECOLEX databasimingto identify the gaps and opportunities Mpolicy
aroundthe world. Overalltheir analysis revealethat policy integration was limited and-gquipped

to deal with the crosgutting nature of the globaN challenge Policy fragmentation, and the lack o
understanding on nitrogemnelated policies and their tradeffs, are barriers to being able to tackle the
nitrogen challenge. This is one of the challenges that SANH aims to examine. Investigating the regional
and country level implications of the N ppjlidatabase has yet to be examined for South Asia and is a
aim of SANH WP1.1.

This report is the first of its kind to provide a national overview on the extent of nitrogkeed
policies for Sri Lanka. Including in its analysis indirect policies thahataonsider nitrogen in their
formulation but potentially have implications anyhow for nitrogen management. By building a better
understanding of the current nitrogen policy landscape both at the national and region level will
support efforts to develogffective nitrogen management policies for the future.
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Figure 7Timeline of global and South Asian developments toward global cooperation on sustainable nitrogen maragensstdghuram et al. 2021
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¥4 CountrnyLevel ProfileandPriorities

Sri Lanka is an islaridcated in the Indian
Ocean with a surfacerea of 65,610 square
kilometres.The country'dVest coast borders
the Laccadive Sea, while the Bay of Bengal
located at the Northeast influenas the
country's climate significantlyThe country's
longest and widest points a#82 km and 224
km, respectivelyPidurutalagalastanding at
the heightof 2,524 mabove the sea levgis
the highestmountain inSri LankaBased on
topography rainfall regime, major soil type,
land use, and vegetatiorsri Lanka has been
dividedinto 46 AgroEcological Regions (AER)
(Punyawardena, 2008). The diverse
variability in  climatic, edaphic and
topographic characteristics hamade Sri
Lanka anislandrich in biodiversity and a
home to a wide array of farming systems.

The annual rainfall in Srankas governed by

the monsoonsthat produce four distinct

rainfall seasonsi.e., he First InteiMonsoon

(March t April), the South WestMonsoon Map 1. Population densities of different districts
(May t September) the Second Inter of SriLanka

Monsoon (October November) and the Source: Department of Census and Statistics, 2012
North East Monsooi{Decembert Felruary)

(Punyawardena, 2020Theaverage annual temperature &riLankais 26.5 to 27.5 ° C. The average
temperature ranges from a chilling low of 15 ° C in Nuwlrga in the Central Highlands, to a high of
35 ° C in the coastal lowlands (Nissanka e&all11)

Sri Lanka is the home to a medtihnic population ofslightly over 22 million people (CBSL, 2021).
Sinhalesq74.9%) represent a majority of the population followed $iy Lankan Tarsi{11.2%, Sri
Lankan Moors(9.2% and Indian Tamd 4.2% (DCAS, 2012 Sri Jayewardenepura Kotte is the
administrative capital city, while Colombo is tfkeancial hub.Colombo and Gampaha districts in the
Western province maintairthe highest population densities where most of the townships in the
country are cacentrated(Map 1).

2.1 Socieeconomic background

2.1.1 Administration

Sri Lankabeing a democratic republic and a unitary state, is governed by both presidential and
parliamentary systems. Similar to many democracies in the dydhe Sri Lankan government
comprises of three brancheExecutive, Legislative and Judicidie eecutivepresident of the state,
who is elected by the citizens of the country at a presidential election, holds the office for five
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consecutive years. Thexecutve president, who serves as the head of state and the commander in
chief of the armed forcess entrustedwith substantive authority in governance and political will. The
legislative branch is represented by 225 parliament members who are elattedereral election by
the citizens for a period of five years. Of the Z22&liamentmembers,196 membersare elected in
multi-seat constituencies and 28re elected by proportional representatiori.he $ipreme Court a
Court of Appeal, High Courts and a number of subordinate ctagtther make the judiciary system
of the country The legal systemf Sri Lankgparticularlypertaining to criminal and civil laws, is mainly
based orBritish law Roman law and Dutch lawhe Central government has adopteth@eaucratic
systemto facilitate state governance by dividing the country imiine provinces, with 25 district
secretariats 332 divisional secretariats, and 14,Gg2ma niladhardivisions(StateMinistry of Home
Affairs, 2021).

The 13th Amendment to the Constitution established provincial councils in &88devolved some

of the administrative powers hitherto exercised by the central government to the provincial
governments.The Local governments, the thirdublevel of the governmentsystem consist of
municipal councils, urban councils and pradeshiya sabha. The local governments are mainly
responsible in providing local public services (e.g., roads, sanitation and recreational infrastructure) to
the citizensin each respective localitilembers of bothProvinciakouncils and local governments are
elected by the citizens at periodic elections.

2.1.2 Economy

Sri Lankga developingeconomy in South Asia, recorded a continuiséin GDP per capittiom 832.8
USD in 2001 to 4059.2 USD in 2018. However, since 2018, Sm leemokemy has been decliniagd
headingtowards a crisis ignited by multiple factors including the crippling effect of the @®&vid
pandemic.

The servicesector, with a contribution of 58.7% the GDHn year 2020remains thestrongest pillar
supportingthe Sri Lankan Econonfentral Bank of Sri Lanka, 2020he service sectaronsists of
subsectors includingsholesale andetail trade, transportation andstorage, accommaodation andood

services, inancial,insurance and &al estate, information andcommunication(Central Bank of Sri
Lanka, 2020)Agriculture contributesmerely 7%to the GDP while the contribution of industry has

been recorded ag5.3%0in 2020 Central Bank of Sri Lanka020).

The economy of Sri Lanka is largely dependent on foreign tradeng the industrial exports, as of
2020, garmentsis the top source channeling highest earnings from merchandise exports into the
national economy. Export earnings made throughber products also make a notable contribution.
Tea, followed by coconut and spices top the agricultural exp@8SL, 2021Sri Lanka primarily
exportsgarments tea, and rubber to the United States, the United Kingdom, and European countries.

E% SE] & AYEI E+[ E ulss&the other twihgjdE ¢hannedthrough which Sri Lanka
generates foreign revenue.

According to the Department of Census and Statistics' (D@&8)n National AccountsEstimates, the
Sri Lankan GDP fell by 3.822020, compared to 2.3% growthtime previous year. Due to nationwide
lockdown measures imposed to contain the COWDpandemic, the total contraction in 2020 was
driven by a 16.4% yean-year contraction in the second quarter of the yd&igure8). Despite the
disruptions caused by the second wave of the pandemic in Octdbgember, the economy
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rebounded in the second half of the year, achieving real growth of 1.3%oyegear (Central Bank of
Sri Lanka, 2020).

Hgure 8. Contribution of main setors to the GDP in Sri Lanka from 20dstil 2020
Source: Central Bank of Sri Lanka, 2020

2.1.3 Agriculture sector

The ariculture sector sustains household economies of a majority of rural householdsarehsely
contributes to foreign revenueOver thecourseof history, agriculture has emerged to cov% of
the landmass in Sriabka(Map 2). While dantation crops, such as tea, coconut, rubber and spices,
have emerged as staple sources to tap foreign reverfoed cros and livestocksectols have
improved food and nuttional security of the nation over the last decad&éhe above outcomes have
also taxed the environmentDepletion of forest cover to provide room for agriculture has led to
intense forms of humamvildlife conflicts (e.g., huamelephant conflict). Pollutants emitted from
fertilizer and other agraehemicals, such as.® and NH, have resulted in serious health and
environmental issues.

The ariculture sector in Sri Lanka has undergone a number of distinctive changes duripgsthe
independenceperiod. These changeare mainly reflected in the changing patterns in production of
different crops, average agricultural holding size, agricultural employment and the sector's
contribution to the national economy. The changes have bhbungixed results that have been both
favourableand unfavourableon the socieeconomic conditions of the rural households involved in
agriculture related livelihoods.

The economic importance and the state focus has shifted from exg@hted crop sectoto the food

crop sector over the last few decades. In 1962, 50% of the agricultural lands in Sri Lanka had been
occupied by exporbriented plantation crops while rice (the staple food of the country) and all other
food crops covered 3 of the agricultural land¢$Bansil, 1971 In contrast, by the year 2013, out of

the total extent of agricultural lands (2,205,39%), 5646 (1,227,000ha) had been under rice
productionalone(Department of Census and Statistics [DCAS], 2015; CentrabB&rik_anka [CBSL],
2015. On the other hand, the food crop sector's contribution to the GDP has gradually increased over
the contribution of the export-oriented plantation sector. Rice and other subsidiary food crops
(excluding livestock and fisherieddpae have accounted for 480f the contribution of agriculture to

the GDP in 2013, whereas the export oriented plantation crops have contributed otyCBSL,
2015).
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With the emergence of the food crop sector, production of rice and other subsidiarys drape
increased as a response to the increase in area harvested and yield. Sri Lanka achieved-near self
sufficiency in rice towards the mitB80s as a result of the progressive growth of paddy production.
Import of food crops has significantly reduced &l Lanka has even started exporting certain food
crops such as maize in small quantities. Increase in the production of food crogaviasably
resulted to uplift the food security status of the country. Sri Lanka, in contrast to certain other nations
such as India and Bangladestas not experienced famine during the last few decades due to the
comparatively higher food consumption even among the poor househtsitdsi(, 2005

Map 2. Sri Lanka land use mapBource: Mapa (2020)

Despite the sector sontinuous fall over the industrial and service sectors which has been persisting
for decades, it has shown a significant growth rate, during the last few years. For instance, the sector
has shown a 5.5 percent growth during 2006 to 2010. According to B8t @012, this growth has
immensely contributedo the drastic reduction of poverty head count ratio from 15.2 percent in
2006/7 to 8.9 percent in 2009/10

More than 99 percent of the agricultural holdingsSri Lankare within the range of 0.25 to 2fcres
of extent and the average small holding land size currently rests at 1.85 @gesultural Census,
DCAS, 2032 According ta_okanathan and Kapugama, (2p18mall agricultural holdings operate
approximately 70.%of the total land mass under agtilture in Sri Lankand more than 706o0f the
rice farmers in Sri Lanka operaia less than one hectare of landruna, 2013.
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2.2 Naturalresources of Sri Lanka
2.2.1 Soil

Sri Lanka's tropical climate, with yeaund high temperatures and precipitation, results in highly
weathered soilsA majority of Sri Lanka's soils are alfisols and ultisWkst® and semiwet intermediate

zones havaultisols while dry and semiry intermediate zones havalfisols Soil mineralogy reveals

that soils in the dry and intermediate zones are younger and less weathered than soils in the wet zone
(Mapa, 2020). As a result, the soil types found in different regions of the couatyysignifcantly.

There are a total of 28 soil series in the wet zone, 36 soil series in the intermediate zone, and 54 soil
series in the dry zone of the countriyynyawardena, 2008)

Soil fertility is an important aspect related to agricultugail fertilitycanreduce due to factors such

as @il erosion, plant nutrient removal, leaching of plant nutrients, and decrease in soil organic matter
content To sustain continuous crop production irutrient deficient soils, he Department of
Agriculture has published site-specificfertilizer recommendations foeach farming system(DOA,
2018).However, regardless of the recommendations, farmers tendyply fertilizers beyondthe
recommended quantitiegverywherethat intensive agricultural techniques are practic@dherefore,
fertilizer overuse has polluted soils in humerous sections of the cousésouslythreateningthe
environment.

2.2.2 Water

Sri Lanka, with a legacy of over two millennia dirauliccivilization, is rich in botmatural and
manmade watesources Sri Lanka has a diverse river system, with about 103 rivers flowing in a radial
network starting fom the central highlandRiverMahaweli spawning from thdneart of thecentral
highlandsis the longestiver in Sri Lanka

There are ovel 8,00 manmade tanks in thalry and intermediatezones of Sri LankgRanatunga,
1979) Most of these tanks in the dry zonedhbeen built between the Anuradhapura and Pollonnaru
reigns ( 437 B.@ 1212 C.E).. The water surface area of some of these tanks spaowvamwhelming
1000 haAncient dry zone communities, by constructing these tanks, have transformetubtharable
dry zone into a thriving agricultural landscape. Later, larger reservoirs were constiugtihe post
independencegovernmentgo generate hydrepower and channel water to new agrarian settlements
that were established to enhance agricultural productiorthe country?

2.2.3Biodiversity

Sri Lanka is considered abiodiversity hot spot due to the rich biodiversity of the country and high
endemism that is threatened by human habitation (Conservation International, 2021). Sri Lanka is rich
in genetic, species and ecosystem diversities. The Species diversity ofdiawms is very high
(MOMDE, 2019). Figure 9a illustrates the percentage endemism of some fauna groups in Sri Lanka.

3Based on the annual average rainf8itj Lanka isategorizednto three climatic zonesvet zone(>2500 mnj,

dry zone (<1750 mm), and intermediate zone (230050 mm) Rubasinghet al., 2015)

4 Sri Lanka gained independence from the Great Britain in 1948. The entire nation has been under the rule of
British crown from 1815 to 1948. Prior to this perjtide maritime provinces (except the Kandyan province) of

Sri Lanka had been under the rule of the Portuguese (1506 to 1658 AD), the Dutch (1658 to 1796 AD) and the
British (1796 to 1815 AD).
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Furthermore, Sri Lanka is well known for its rich floral divergitytal of 3116 flowering plant species

in 1121 genera under 183 famiiere currently recorded in Sri Lanka. With 901 endemic flowering
plants (MOMDE, 2019), Sri Lanka maintains a high floral endemism status. Out of 183 floral families,
96 families have at least a single endemic species, while 34 families have over 50%senudalue
including seven families which are totally endemic to the country (Achariaceae, Ancistrocladaceae,
Crypteroniaceae, Dipterocarpaceae, Monimiaceae, Nepenthaceae and ProtefdeDE, 2019).

Most of the flora is found in protected forest areas.

Figure9. Percentage of endemic species from the total recorded species nuni@dor some animal
groups(b) for floral families (note: only families with over 50% endemism are shown in the figure).
Source: MOMDE (2019)
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2.3 Agriculturahitrogenusage of Sri Lanka

The green revolution technologigsintroduced to Asia during the mitB60s helped to boost the
production of rice in the region with a distinctively sharp incline. Sri Lanka is one of the earliest nations
in Asia to follow the green wlution as the country had fulfilled @ecisiveprerequisite- the need of
irrigated water to a greater extent towards the early 196Qs adopt the advanced agricultural inputs
introduced by the movementSate-funded rrigation projects brought new lasis under paddynd
madethe water demanding production technologiesich as improved varieties and fertilizeyasible

for the application by themallfarmers. Just after the independence in 1948%&1j the nationalrice
requirement had been fulfilledhrough importation, but with theadoption of green revolution
technologies under the patronage of pastependence governmentsri Lanka coulsheet much of

its rice requirement through domestic productieawards the mid1980s.

Figure D. Total fertilizer usage fopaddyin Sri Lanka 962- 2020

700

~~

=

£ 600

o

S

€ 500

c

S

Q. 400

=

>

€ 300

(@]

o

-

& 200

E

o

. 100
0
N < O 0 O N < © 0 O N < O 0 ON <~ © 0O N < ©W 0O N < © o O
O © O O N M MNMNMNMNM O W W 00 W OO0 O oo by O OO0 OO0 A4 dHd A +d +d N
O OO OO OO OO OO OO O OO OO O OO OO O O OO OO OO O O O O O O O o o o o
T A A A A A A A A A A A A A A A A N NN NN AN NN N NN

year

Source: National fertilizer secretariat, Ministry of Agriculture, Sri Lanka

Note: Total Fertilizer = Urea+Ammonium Sulphate+Triple Super Phosphate+imported Rock Pokphlede+
Rock Phosphate+Murate &otash+NPK+Dolamite+Others

Sri Lankafarmers begamisingsynthetic fertilizers in the mi@0" century, which improved the quality

and quantity of all agricultural yieldSincethe independencenotably with the introduction of the
fertilizer subsidy same for paddy in 1951, po$hdependence governments have generously and
keenly promoted diffusion of synthetic fertilizer as an agricultural input across food as well as
plantation crop sectors in Sri Lankagure D depicts the trend irtotal fertilizer usage fopaddyin Sri
Lanka froml962to 2020.As figure 10 illustrates, fertilizer consumption in paddy has been increasing
from 1962 to 2008. The dip in consumption, over the period from 2009 to 2016, can be attributed to
reduction in paddy pduction due to a long spell of drought and certain policy instruments exercised
by the government to regulate fertilizer usage in Sri Lailsaof 2020, addy sectorhas been the

5> Consisted of an agricultural package of six elements; improved and certified seeds, fertilizers,
insecticides, weedicides, transplanting and weedFigdby, 1988
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consumer othe largest fraction of synthetic fertilizé44%9. Nitrogenots fertilizersaccount for66.1%
of total fertilizer usage in 2020.

Nitrogenous fertilizer has made a big contribution to boost the food security status of the country.
However, oveand improperconsumption of fertilizer by majorityof small farmers haventerfered

with the environment's nutrient balance, resulting in substantial environmental dam@pese
detrimental impacts of nitrogenous fertilizer on environment will be discussed in the foll@&tigpns

of this report

2.4 Enviromental impact on nitrogen pollution

In Sri Lanka, there is a scarcity of information about nitrogen's effects on the environment and human
health. However, it is undeniable that Sri Lanka's nitrogen emissions are rising, and numerous
environmental problemsre being increased as a resaoftit. (Table 3).

Agricultural practices are the main source of nitrogen emissions in Sri Lanka, as it is a country built on
agriculture. Increased synthetic fertilizer use is the main cause of rising nitrogen levels in the
atmosphere. In addition, as the country's industries develop, the industry sector contributes a
substantial amount to national nitrogen emissions.

Table 3 demonstrates that between 2000 and 2014, the levels of all three nitrogen constituents,
ammonia (NH), nitrogen oxides (N and nitrous oxide (¥D), increased in Sri Lanka. The most
significant shift has been in nitrogen oxides (N@hich increased by 42.9%om the year 2000 to
2015

Table 3. Nationathanges in emissions of key reactive nitrogeampounds, 2002015 for Sri
Lanka

Sri Lanka 2000 2015 % Change
Ammonia NHs) emission (t/year) 59197.21 75395.5 27.4
Nitrogen oxide lNO,) emission (t/year) 124676.35 178187.5 42.9
Nitrous oxide K>O) emission(t/year) 1477420 1867510 26.4

Source: European Commission, Joint Research Cent#REINetherlands Environmental Assessment
Agency (PBL). Emissions Database for Global Atmospheric Research (EDGAR), release EDGAR V6.
(1970- 2018) of May 2021.

2.4.1 Air quality

Ammonia (NK) andnitrogen oxide (N¢) emissios are air pollutants that have a negative impact on
air quality. Human health effects and biodiversity losses are two direct effects of teastive
nitrogen compoundsNitrous oxide K-O) is classified as a greenhouse gas with a global warming
potential ~300times greater than COThe human respiratory system is affected by §&ses, while
NH*ions indirectly induce respiratory diseases. Agriculture, transportation, and industtigeansain
sources of increased,Nevels in the atmosphere in Sri Lankéowever, Sri Lanka's air pollution
mortality rate isstill extremely low, at 0.008% (79.8 per 10,000 population) in 2016. (WHO, 2020).

is formed by two gases incudingric oxide(NO), and nitrogen dioxide (NO

Abeyratne and lleperuma (2005) conducted research to determine the state of air pollution in the
Kandy city regiomf the Central provinceThey discovered that in 14% of cases, ambiditiogen
Dioxide(NG) concentratiors in city areas surpassed Sri Lankan guideline values for ambi@dOair

< 0.050 ppm They also found that dealy populatedcity regions had higher N©Goncentrations than
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less crowded city areas. Thencentrations
of NG in rural areas are lower than in urban
areas. They also found a link between high
NG levels and high fuel usage for
automobiles and electricity generatioby
diesel power plantgluring droughts. They
also claimed that the transbounda effect
was also attributable toincrease in N®
concentration. Despite being a coastal
country, Seneviratne et al. (2011) reped
that Sri Lanka's growing pollution levels
werelargely due to continental outflow

Perera et al., (2019)conduced a time
series analysis to study physical
phenomenon of the relation among the
ground level @ NG and VOC(Volatile
Organic Compound)The authors could
establish the significant effect of NOn
formation of ground level ©which is a
secondary pollutant wittharmful effects on
human health.Senerath (2003)eports the
effect of asttomobile exhaustn subjecting
Sri Lankans teespiratory illnessesvehicle
(petroleum) and thermal power plant
emissions alone are shown to coibute for
60%o0f the country's air pollutiorfRanaraja
et al., 2019.

Meanwhile ,Karunarathna et al. (2019) did a
study in Kandyof the Central Provincéo
determine the financial impact of air
pollution. They pointed out that thecity
dwellers incur digher expenditure than the
rural dwellers to treatlinesses caused by air
pollution. They also showed that this expenditure accountsiearly2.7% of people's monthly income
in urban regions.

Infographic credit: Thisumi Weerasingh

According to the National Building and Research Organizgiinrianka's air qualityasusuallybeen

over 100 on theAQI (Air Quality Index (Ranaraja et al., 20)9Following the rigorous curfew,
transportation and travel restrictions, and the dwe of industriesin the face ofCOVIBL9 pandemic

the AQI in Clombo dropped by 33% in the last week of March 2020 compared to the previous year
(from AQI 115 to 77)The reduction in pollution in Colombo can also be linked to lower emissions in
the neighbouring continental region
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Figurell Nitrogen dioxide (N@) concentration in Sri LankeéSource: Hassan et al., 2021

As a result, NgConcentration of Sri Lanka was also reduéégurell depicts the N@concentration

trend lines for 2019 and 2020. Values from February to May 2019 are represented by the satid gre
line, whereas values from February to May 2020 are represented by the solid blue line. The Sri Lankan
government as the Covid9 cases surgedannounced a state afmergencyfrom March 22 to May

11, 2020, but in late April, the lockdown was lifieda few regions. The level of NEncentration in

Sri Lanka was maostly higher before the lockdown period (1 Febt2haiMarch 2020) compared to the
results from FebruarjMay 2019. The level of N©@oncentration, on the other hand, decreased during

the lodkdown Hassan et al., 2021

2.4.2 Water quality

Water pollutionin Sri Lankdy N compounds isnainlylinked toagriculturalpractices. Excea® use

of fertilizer by farmersdegrades wateguality by causing Nto leak into groundwater and wash off
into surface water source$Vaste water, discharged into natural water bodies by industiganother
critical source of Nitrogen pollutants induce algal bloom in inland waters resultinggifious impacts

on aquatic species and human healtlanysourcesshow that the quality of ground and surface water
bodies in Sri Lanka has deteriorated beyond the WHQO's tolerable limit of 10 parts per milliog of NO
(Marambe and Nissanka, 2019).

Prabagaeet al. (2020) and Jayasingha et al. (2011) found that there is a seasonal variability of nitrate
concentration of ground water in Jaffraad Kalpitiya peninsutavhere intensivefarming is practiced
Nitrate concentration of ground water in Kalpitiya pesularanges way above the WHO standard in
both wet (0.2 148.5 mg/l) and drgeasong0.6- 212.4 mg/l)(Jayasinghe et al., 20}l Map 3depicts

the various levels of nitrate in Sri Lankan groundwater.

According to Amarathunget al., (2013) findings from a study conducted in the Upper Kotmale basin,
levels of dissolved Ammonidtrogen are greater in places where sewage and farm animal waste are
directly disposed into water sourcedn places where intensive agricultural metlo are used,
dissolved nitrate and nitrite levels are high.
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Map 3. Variation innitrate levels in ground water of Sri Lanka
Source: Sri Lanka status report of sustainable nitrogen management, 2019

Reactive Ncompaunds can pollute the coastal regions as well. For instamitrate enrichment causes
corral bleachingn Sri Lakaby raising the acidity in seawatdn overall, @trophication in fresh and
coastal waters, trigeredby N sources, has become a major prefl in Sri Lanka.

2.5 Climatechange

Climatechangeis the long term shifts in temperatures and weather patterns due to natural and
anthropogenic causes. Natural causes include variations in the solar cycle. However, many
anthropogenic activitiessuch as burning of fossil fuebre known to be generating more greenhouse
gasesthat entrap heat and raise globaemperatures. Severe droughts, wild fires, floods, rising sea
levels and declining bio diversity a@ememain effects of climate change NLClimate Change, 2022).

Within the Sri Lankan context, numerous studies suggests that atmospheric temperature is in the
increase affecting each and every agmplogical region in the country (Nissanka et al., 2011;
Sathischandra et al., 2014). Moreovén,the recent past, air temperature variations have shown
evidence of climate change (Basnhayake, 2007). Punyawardena et al. (2013a) observed that heavy
rainfall events have become more frequent in upcountry regions. A higher variability in the rainfall in
Yala seasofone of the two cropping seasons in Sri Larias increased over time, suggesting that it
can even lead to shifting of agexological boundaries that were previously defined based on the
major climatic factors (Eriyagama et al. 2010; Punydemaa et al., 2013b)Continuous spells of
droughtalsohavebeenhamperingthe agriculture sector over the last few decades. For instahee,
drought that prevailed from early 2016 to m&D17 resulted in a drastic reduction of paddy production
and madeover 200,00 households reaching borderline food insecurity towards thegte drought

spell (FAO and WFP, 2017)

Even thougtla rise of sea level around3lmm/year is observed in the Asian region (Cruz et al., 2007),
it is anticipated that if the seaVel were to increase by 1m in the Batticaloa region, the present
permanent coastal vegetation front would likely to be shifted4¥m inwards towards the land
affecting the diversity of the coastal vegetatidvigthiventhanet al., 2022).
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3 NitrogenrelatedPolicy Analysis

3.1Brief methods overview

As part of the actions towards buildinghe nitrogen policy arena for South Agiaitrogen-related
polices from South Asia were collected and analylsgd5ANHASsessingiitrogenrelated policies
helps toidentify the gaps and opportunities for managingrogenin Sri Lankandin the region.An
analysis of this kind provides an initial starting point to understanding what padiceds place to help
determine what is needed for the future to effectively and efficiently manage..NThe policy
assessment identifies whasectors and environmental sinks are focused on and what policy
instruments are suggested and/or in plaamongst other indicators for performance

This work budson from an initial global nitrogen policy assessment conducted by Kanter et al (2020).
Their global databaséad a collectionof 2,726 policiedrom across 186 countries derived from the
ECOLEX databad#e adjusted the d& collectionapproach anduised multiple online data sources.

We added to the 61 policies from South Asia identified by Kanter et al. from ECOLEX (2020) and created
a new SANHbolicy databasevith a total of 966 polices for South AsiEhe polideswere callected

during 20262021 Seetable 4 for the overview nitrogerrelevant policies collected per countrri
Lankamitrogenrelated policies contribute 1% to the overall policiesollected forSouth Asia.

Tabled. Total Number of poliesand percentag@er country in the SANH database, breakdbwn
policy dah source andrelevance and impact scope
Countries SANH % of total | SANH database 2019 SANH subset
database SANH Sources policies
2019 total database Policies sourced| Policies highhrmedium
No. of policies from FAOLEX | sourced relevance &
from largemedium
national scope
websites
Afghanistan | 89 9 79 (8%) 10 (1%) 58 (6%)
Bangladesh | 187 19 67 (7%) 120 (12%) | 119 (12%)
Bhutan 60 6 31 (3%) 29 (3%) 38 (4%)
India 192 20 69 (7%) 123 (13%) | 136 (14%)
Maldives 40 4 20 (2%) 20 (2%) 29 (3%)
Nepal 108 11 63 (7%) 45 (5%) 65 (7%)
Pakistan 175 18 136 (14%) 39 (4%) 98 (10%)
Sri Lanka 115 12 61 (6%) 54 (6%) 106 (11%)
South Asia | 966 100 526 440 649
Total
Percentages 55% 46% 67%

Source: SANH Databasermulated by FAOLEX listindsttp://www.fao.org/faclex/en/) corroborated and
updated by SANH partners.

The policy documents collected include Legislation, Acts, Layv Ordinancs, Plans, Strategies,
Regulations, Statute, Standards, Rules, Orders, Codes, Frameworks, and Guidlelimesure
coverage of alhitrogenrelated policy documentsrelevantsectors and suisectorswere identified
agriculture, land use, environment, humahealth, marine, urban development, water and waste
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management, transportenergy and industry Within each country e responsible ministries and
commissiongor these sectorsvere also identified to assist the policy searches. For instarmateonly
Ministries such asChemicals and Fertilizers but also the less obvious Minigtuels asHealth.The
policies werghen filtered, classifiedand analysedFigurel2 provides aroverview of themethods

Figurel2.An overview of thaitrogen policy assessmemtethods adopted by SANH.

1.COLLECTION

{Nitrogenrelavant policies were collected from multiple online web sources; including FAOLEX (a
global database for environmental policy) and other sources including government and ministry
websites. For the South Asia region, 55% of policies were sourced from FAOLEX and 45% from
other web sources

/2. FILTERING N\

{Policies were filtered to ensure their relevance. This was done by identifying their relation to
relevant sectors and subectors. In addition, key words were used to guide assessments of

relevance, such as the inclusion of certain key words: fertilizer, manure, N, N pollution, nutrient
pollution etc.

{Policies were further filtered by clustering. For instance, policies were checked to see if the policy
AU}E Z U [ VSE ov} [~ }1E }E }E]P]V 0 %}0] CU ep |z « v
was, or had, subordinate poilcies (e.qg., rules or regulations and/or a subnational policy), or an
amendment (e.g. update to an existing policy). If it was an amendment it was assesed by whether
there was substantial new content related to nitrogen compared to other related policies, and if
S0, it was kept as a separate entry. If the policy had been repealed/replaced or was only a minor
amendment it was clustered. In other words, it was not counted as an individal policy and it was
kclustered to the 'core’ policy.

3. CLASSIFICATION

{Policies were classified based on their content. The classification was based on: environmental
sink, sector and sub sector, and policy type. Policies were further assessed based on their
relevance to nitrogen, the impact scope, impact direction, and pollution source target.

4. ANALYSIS

{The polices were then analysed to identify patterns at the regional and national levels and to
identify trends over time.

3.2Policyclassification

The nitrogenrelated policies collected were classifiedbased on certain characteristi¢s identify
patterns in the types of polices in place for each country. Policies were classified by: environmenta
sink; sector; swsector; policy type; pollution source type; impact direction; relevance; iemmhct
scope.The classificationbst is providedin Table5. Theclassificatiorapproach followed closely the
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global studyapproach used by Kanter et al. @), with additional classificationd-or classitiation
definitionsseeAppendix 1

Table5. SANH nitrogerrelevant policy classification lists
Sink Sectof Subsector Policy Type | Pollution Impact Impact Relevance
type Direction scope
Air Agriculture | Synthetic fertilizer Regulatory Point Positive Large High
source
Water Agquaculture Economic Unspecified | Negative Medium | Medium
Soil Livestock Framework | Both Mixed Small Low
/neutral
Climate Multiple Data & N/A
methods
Ecosystem Agricultureother Research &
Development
(R&D)
Multiple N/A Commerce
N/A Waste Municipal waste Pronitrogen
Industrial/commercial
waste
Flood water
Multiple
N/A
Industry N/A
Food Food safety
Food security
Energy Lowcarbon and
renewable
Multiple

Transport | Road transport

Land use | Forestry

change Other land use and
land use change
Multiple

Urban dev. | N/A

& tourism

Other N/A

Multiple Multiple
N/A

N/A N/A
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18 SANHNitrogenrelated Policy DatasetResults for Sri Lanka

Highlights

X This policy review analysed 115 national policies directly or indirectly relatedt
management in Sri Lanka. Of the above policies, 31 were of high relevancaam&gement
with a large scope covering multiple sectors.

x Of the above 31 policies, 17 policies were strengthened with economic and/or regul
instruments.

X 72% of the Nrelated policies of Sri Lanka were oriented in their objectives/intents towa
anidentified sink, whereas 32% of the policies had explicitly recognized multiple sinks

X A majority of policies (63%) indicated a positive impact direction, whereas only 4% (¢
policies indicated a negative direction with potential to increaseaste.

4.1 Relevance & scope

The nitrogenrelated policies were classified according to their relevance and impact scope. These
classifications enabled the filtering of policies according to their relevancertmhagement. Tablé

illustrates the number of padies and percentage classified as high, medium, and low relevance for N

uv P uvsixt (v ]JE 30C & o A v3 %}o] ]~ 1 8Z}e Al3Z ZZ]PZ]
featured one or more of the 29 key woristhe policy tex€

Table6. Number ancpbercentage of nitrogenelated policies in Sri Lanka for policy relevance and
impact scope
Relevance Impact scope
Relevance Total No. of | % of policies | Impact Total No. % of policies
policies scope of policies
High(direct) 56 49 | Large 53 46
Medium (indirect) 52 45 | Medium 57 50
Low(indirect) 7 6 | Small 5 4
GrandTotal 115 100 | GrandTotal 115 100
Fifty sixpolicies (89 A GE o0 *+](] A]J3Z JE& § v ZZ]PZ[ E o Av (}E ~(
Jvou U (JE £ u%o BVAYERE ¥3wo § E}X 806 }( i66i[ v 3Z Z& E:
D vu( SuyE v &}Eupo S]}ve Z Ppo S]}veU E}X 1 }( THTIX]
Iv ] E 830C & o A v3 %}0] ] * A]doznoZeonthimwhe@f the R9 key words but may

feature synonyms of those words. Vilkso expanded the list of key words to help identify such policies.

Sri Lankan%}0] ] ¢ o0 <<](] A13Z u Jpu & o A v  ]v dpnséhvalipE  /E u %o
Z Ppuo 8]}ve E}X ii }( 7110 v ZK]Jo "% ]Joo }vS]vP v C tdfad 0f5Z Puo S]}v
policies (45%) were classified as having medium relevance.

6 The29 key wordsvere: fertilizer, manure, Nitrogen (N), Nitrogen pollution, nutriemlipition, nitrate,
nitrates, ammonia, N oxides, nitrous oxide\ NH, NQ, NG, eutrophication, hypoxia, air quality, air
pollution, emissions, groundwater quality, groundwater pollution, freshwater quality, freshwater pollution,
water quality, ozone dgetion, climate change, greenhouse gas, agrochemical and effluent.
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dZ}e 0 <*](] « Z AJvP Zo}Al E 0o Av A E ] v3](] o ZAdE|VP %0 E e
to their association with a certain sector(s) and/or sink@vemolicies (66) were classified with low

E oAv U]Jvop]vPU 8Z Z&}} S E}X 710 }(i606i[ v 8Z ZMH@ocl $Z]}v }
policiesremained in our collection. Although they had no direct reference to nitrages could still

have implications olN: management.

Table6 also illustrates the number and percentage of policies, classified as large, medium and small

(JE Ju%o 35 * }% X /u% 5 * }% PJA « v ]v] 8]}v }( %}o] C[* *% 3] o
N: management. For example, thos®]3Z Zo EP [ « }% U §}3 o }( AT %}0] ] » ~00¢
level policies which have the potential to influence a large number of peopleakadclassified as

directly relevant to Nmanagement Examples of such policies includ&Z zZd  4ActINo. 12 of

ioAdeU }E& §Z ZdzZz E 8]}v o oJus ZvP W}o] C }( "E] > vl [X

&](3C « A v %}o] ] ~fi9« A E o0 **](] Al3Z Zu Jpu[ Ju% 3  }% ]\
sub-national policies, otthose less directly relevant taitrogen, includ]vP $Z @riseheation

Z Ppo 8]}ve E}X ii }( 11id6[ v 8Z ZE §]}v o VA]E}vu v3 0 ~Dpuv] 1% o *
i y(1io[X

Thefive policies 49+ A]3Z Z+u oo ]ehker focuspéhon a very specific location or zone or

were nationwide but with distant consequences for Management. These include, for example, the

ZE 3]}v o VA]E}vu v3 0 ~h% % E <}3uudv]3TEEVP% YA PE o%SE v E}i }( Ti
andthe ZE §]}v o, 08Z ~SE § P] -OitB[E Wo v iiio

Of the totalnumber of policies considered in the analysis, 108 (94%) policies were classified as being
high or medium in relevance and 110 (96%) are large or medium in scope.

4.2 Policyypes

Policy type, as a classification category, indicates what type of padityinents are being suggested

or applied within a particular policy. A single policy may have multiple policy type characteristics (e.qg.
framework, data and methods and research and development (R&D)). For Sri Lanka there were 178
classifications from thel15 policies. 42 policies (37%) had more than one policy type identified.
Policies with multiple instruments are favourable for iNanagement since they indicate a more
comprehensive approach.

Table7. Number and percentage of nitrogeelated policiesn Sri Lanka for
policy type

Policy Type Total No. of policies | % of classifications
Regulatory 13 7
Economic 12 7
Framework 101 57

Data & methods 20 11

R&D 14 8
Commerce 10 6

ProN 8 5
GrandTotal 178 100

Table7 illustrates the number angercentage of nitrogemelated policies in Sri Lanke policy type.
The most common classification for policy type is framewbm®4). Such policies often include ones
with broad objectives and/or designate governing bodies. For exaropke framework policy is the
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ZPE E]v A o0}%uvs 3§ E}Xd80 }(Tili[X dZ v £3% u}+s }uulv o <*](]
(11%), followed by R&I[B%) and regulatory7¢s) economic %), commerc¢6%) and preN (6%). An

£ u%o }( }uu E Refulptign Of Fertiizer Act, No. 69 of 1988 proN policy includes
§Z ZW SuE >v ~Z e+« EA §]}v v A 0}% u v3e has prodsionsd® }( i6067
incentivize Nuse

Z Puo S}EC v }viu] % }o] ] e & }ve] H Z}p&Eo]Vv]SEIP<W3o(O] §
~7ilie Z «+8Z C ]J]E So0C E ¢* VISE}IP VvV % E} p S]1}vU }vWithisoeS]}v }E
the Sri Lankan Nitrogen policy list, therdE 17 ~i69e Z }E& V]SE}P v Withdly ] [ <<u]%
regulatory and/or econongi instruments.

Relevance, scope and policy type, as three variables capturing quality of policies, can be combined into

a simple index gauging relative importance and strength of policies relat® tanagement. As

depicted in Figurd3, among the lisbf 115 policies, there are 31 policies that are multiple in policy

type, high in relevance and large in scope. We assume that these policies are relatively stronger than

the other policies in terms of their effect on Management. Among the 31 relativedironger policies,

§Z E €& i6Z}E V]SE}IP Vv %}0] ] *[ *SE vP3Z v A]l3Z E Puo $}EC
%}0] ] ]Jvou U (}JE &£ u%o U SZ Z Zu] ot %}ve }VA vi]}v sU
Environmental (Protection and Qualty Z Pupo S]}ve ~E}X i }( Tiide[ v Z& ES]o]
D vu( SuE v &}Eupo S]}ve Z Pupo S]}veUW7 Rdligieshave aidir¢et add@ -
significant influence on Nmanagement as they distinctively regulate the emission @ [drocesses

mainly related todefence waste, agriculture, transport and food sectd¢sse Appendix)

Figure B. Strong and important nitrogen related policies in Sri Lanka.

56 Policies with high 53Policies with Large 42 multiple type
relevance scope Policies

31 Multiple type policies with high relevance and large sco

17 Multiple type policies (at least supported by an econom

or regulatory instrument) with high relevance and large sco

4.3 Economisector and suksectors

d o 0 %@E}A] « v }A EA] A }( 8Z 38}5 o vpureleEan (policie andvIl [+ Vv]3$
percentages broken down by sector type and -seltor type. The most common classification of

policies was for multiple sectors 82%. This is an advantageouslipy characteristic indicating that

multiple sectors have rolesto play in M v P u v8§X ~}u %}0] € ZA& uU%0 * ]Jv ol §7
Wl}loopd]}v WE A vs]}v SU E}X 1A }( TiiAnf ActionZlan far Ajr@uality i «

Dv P uvsitiio[X
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The secod most common classificatioas a single sectasriented policy, is agriculture, 45%.The

other main sectors each featured only as a small percentage of the overall policy colleatiging

from 2% to 9%)Lastly,a considerable percentagd §%) of plicies did not include a reference to any

sector, i.e., the policy is focused only on one or more environmental sinksy /£ u % dMatitinteZz Z

Zones Law No. 22 of 1 September 196 tZ]o *pu Z %}0] ] * *Z}po ] o00C oJvl 8§}
sinkoriented policies are still considered positive (ab@eetoronly oriented policies) because they

focus on environmental protection and sustainability actions.

The category for subectors (see Appendix 1 for the full classification Igghtifies polides with a

more specific sector focus. N@pplicable was the most common classification under this category as

it is a default for policies that specify only a main sector, with nessdtors listed, or for policies that

are generalised and do not refar any specific area. The next most common-sabtorclassification

A « Zupod1%)oTHese policies relate to agriculture, energy, land use chamd@aste, but do

not relate to the more commonsud 3}Ee+ ] v3](] X dA} /&£ u%o dina@Ee, heg Z&}E -
&o}E " & pv SU §Z &]*Z &] » S8§X i606i[ v 8Z ZE 8]}v o W}o] C }v
next most common category, with a lower percentage overall, wasZgriculture, other [at 4%,

including for example §Z ZE $§]}v odv$iratgg on Cleaner Production for Agriculture Sector

T1if[U v 82 ZE S8]}vo PE] poSuE 2z « E Z W}dKe Cestof theSsb § PCW 11
sectors were small in number wit8% policies.

Table8. Number and percentage of nitrogerelated policies in Sri Lanka for sectors and sub
sectors
Main sector No. of % of Subsector No. of % of
policies | policies policies | policies
Agriculture 17 15 Agriculture other 4 3
Aquaculture 2 2
Livestock 2 2
Multiple 4 3
N/A 3 3
Synthetic fertilizer 2 2
Energy 3 3 Low Carbon And Renewables 2 2
Multiple 1 1
Food 4 3 Food safety 2 2
Food Security 2 2
Industry 3 3 N/A 3 3
Land Use Change 9 8 Forestry 2 2
Multiple 4 3
Other Land Use And Land Us 3 3
Change
Other 9 8 N/A 9 8
Transport 2 2 Road transport 2 2
Urban 3 3 N/A 3 3
Development &
Tourism
Waste 10 9 Flood water 1 1
Industrial/ Commercial waste 3 3
Multiple 3 3
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Municipal waste 2 2
N/A 1 1
Multiple 37 32 N/A* 37 32
Sector not 18 16 N/A 18 16
included
GrandTotal 115 100 - 115 100

Note: &} E Z/v ueSEC[U iKE3Z EiU ihE v Asedsiswersassidneddps
VC u]Jv e S}E %}0] C o0 *¢](] -sectdrd theyd\jéredy defdliElassified as

non-applicable

* N/A; Nonapplicablerepresents general sector policy that do not specify assaibor

4.4 Environmentadinks

The classification for environmental sinks indicates if a policy is oriented in its objectives/intent
towards either climate, water, air, soil, and/@cosystems (see definitions in appendix Ay a
category, sinks can also reflect the environmental aspécisk (under threat) from NA policy may
refer to more than one sink, and if so, would be classified as multiple.

ForSri> vl 8Z wu}+$ }uul}v o <<](] 8]})v A « AZ E Zupos]%o [ Z v ]V o
(30%)(Table9). This is considered a highly favourable characteristic as these policies address two or

UJE <]vieX W}o] C &£ u%o0 « Jvop 8Z Zd}Av v }uvSECGh&Vo vv]vP
ZD Z A o] A 0o}%u vs } E § E fe iOF }§ ]} & doy[ang Strategy for Cleaner

WE} p §]}v T1iA[X

Tabled. Number and percentage of nitrogeelated policies in Sri
Lanka for environmental sinks

Sink No. of policies % of policies
Air 7 6
Climate 5 4
Ecosystem 20 17
Saoll 5 4
Water 12 10
Multiple 34 30
N/A 32 28
Grand Total 115 100

However, the next most common classification was for [2&%).In other words, ovea quarterof

the policies collected were purely sector oriented. This could be regarded as an unfavourable

characteristic in policies as it indicates that such policies have not considered the potential risks, or

options to mitigate negative Menvironmental impact X dZ]e ]Jv op %}0] ] » e Z2 82 2Zd
§ ~E}X i1 }( Ge&rtaidgnvironmentally related policies are also classified/&sfof sinks

because they ardigh level generalised policies suchashé E] > vl ~ues ]Jv o A 0}%uU V3

NoX id }( WwhiéH aims to account for sustainalidevelopmentin policy but does not go deeper

into the environmental aspects.

The most common singigink focus was on ecosysteti7@«U Jv op JvP (}E& A& u%o0 SZ Z&
Flora Protection (Amendment) AE}X 88 }( i66i[U (}oo}A0%) -Q A 3 BAFNZ

Pollution Prevention Act, No. 35 of 20Pp8he other singlsink focused policies (either air, climate, or

soil) had a lowr percentage of nitrogemelated policies associated with then®6).
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4.5 Pollution source type

Policies that are directly relevant to &hd concerned with environmental protection should aim to
target and mitigate against dollution effectively by recognising the difference between pollution
type sources. Point source ambn-point source (NPS) pollutioimvolve different challenges and
different mitigation measures are needed to address them.

E]SE}P v %}oous]}v E o - e Z%}]vS e JuE [ E ( E- 8} AZ §Z & ]5
into the atmosphere ataZ ]« E S %o}]vS[U u I]JvP ]S8 ] E S} }vSE}o v wu}v]s
(TableD) Jv JUE }oo 3]}v A & ] v3](] 9.Us P AESS{}IM® PVAXE}vu vE o ~ |
t §$ & YU 0]SCe Z Ppo S]}veU E}X 10 }( T1i0[X

Table 10. Number and percentage of nitrogeelated policies in Sri Lanka for pollution type
source

Pollution type source No. of policies Percentage of policies (%)
Point source 10 9

Non-point source (NPS) 0 0

Both pollution type sources 17 15
Unspecified 26 23
Non-applicable 62 54
GrandTotal 115 100

Nonpoint source (NPS) coverspollution that comes from various land, air and/or water sources and
can becarried overland, underground, and/or in the atmosphere, making it difficuth&asure and
control (slam et al. 2018; Liu et.&1020). No policieswere identified as having targeted and noted
only NPS.

Althoughit is beneficial for Nelated policies to recognise sources contributestihver point source or

NPS, it is even more advantageous to consider bdthis indicates a more comprehensive
understanding of how Npollution can enter systemggecognising that different approachese

needed to tackle them. For Sri Larik&®6 of thepolicies achieved thjsv oy JvP §Z ZE S§]}v o §]}
Wo v (}J& }u S]vP > v PE S]}v]v "E] >vl [ v 8Z ZE §]}v o W}o
Tiio[X

However,more policiesZ3%) specifiedheither point source nor NPS. This could be a disadvaritage
% }0] C[* ]0]S5C 8} ep%ad}EPR upvS{yvdo ZAE S]}v o CE]JvI]vP t § E W}
v Z SRhuforH E]3Z > vl WE}IPE uu ~11i6s[ A E }53Z o *+](] * UV
such policies could be amended to consider typegatiition sources, as appropriate.

Non-applicable was the most common classificatisA%) within this category. This was the default
classification for policies classified with a negative impact direction, and/or as havimgliegct
relevance to nitroge.

4.6 Impact direction

Impact direction was introduced by the SANH study as a new classification to indicate whether a policy
was presumed to have a positive, negative or mixed/neutral impact opoMNution. It is worth
highlighting that this is based dhe assessment of the policy text. Evidence of actual policy impacts
on N, whilst outside the scope of this study, would be necessary to determine how those policies work
in practice. All the policies require further scrutiny to determine effectiveness linking proposed
objectives to actual impacts.
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For Sri Lanka it was encounaglithat 63% of policies had a presumed positive impact, tleey

promoted a reduction in Npollution and/or improved nitrogen management whether directly or

indirectly. This includednvironmentally oriented policiesdke $Z ZE S]}v o t § E "“"H%o % 0C
EJvP }E >AE}IX1}(i66d] v Z>v Z o u 3]}v v A 0}%u v§

1982]

Only a small number (4%) of policies were indicated with a potentially negative impact, i.e., where
environmental considerations were absent from the pgplitext. This is an unfavourable policy
indicator as such policies have the potential to increase nitrogen waste, by causing exBsdicdé

0 *+](] e v P 3JA Ju% $]Jvop 8Z ZW C >v e 3SUE}Xi}(iono[l
BreedingW}o] ¢ 'u] o]Jv e v ~ASE S P] ¢« (}& "E] > vl T1iii[X

dZ SZ]E o0 **](] 81}v JE Ju%e & JE §&]}v A« Zu]ZE v uS3E o[ Az] z
both positive and negative impacts, e.g. a policy that aims to enhance food production asasecr

access to fertilizer but also considers the environmental impacts, or a policy that is potentially neutral

in its impacts (i.e., neither positive nor negative). 33% of all policies were classified as mixed/neutral,

a classification that covers a widange of policies including those that may, or may not, lead to
sustainable NmanagemeniTable 11)Further assessments of tip@sitive andmixed/neutral policy

group would be needed to identify how far these policies could achieve sustainable outcomes.

Table 1.Number and percentage of Sri Lanka nitregedevant policies for impact direction

No. of policies | Percentage of policies (9
Mixed /neutral 38 33
Negative 5 4
Positive 72 63
Grand Total 115 100
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s} CrosomparativePolicies

Highlights

x Among the Nrelated policies for Sri Lankt&here are 9 policies8%) A]8Z Z]v$
}i 8]A o 328 & ( E 3} upod]%o e]vinclides paolgigomolicy
instruments

x Pollution source type is included in omdyo of the policies out of then 9 policies.

x Policies withhigh/direct relevancehould be a recommended priority to ensure that the
do address pollution sources and consider multiple sectors and sinks etavadid
contribute to increasing Nemissionspenefiting the environment and society.

In this section the policies are cross compared by the classifications for sink and sector, sink and policy
type, sector and policy type. These cross comparisons enable patterns to be further assessed to
identify strengths and weaknesses in promoting sustainablsmBhnagement.

Table 2 illustrates the sector and sink policy results. Most combinations had low percentages, i.e.,

G%. The most common combination wasmultiple sectorpolicies that refer tanultiple sinks 1 7%).

W}0o] C Z& u%o0 * Jvou &SZ Z} 38 }ve EA B} @] B} XI 60} Ykoi@&OZ[ vv]A
Disaster Management Programme 2014iii6 [Kese policies are favourable as they indicate

Zlvs P&E § }i 8]A o[ 32 8 }ve] & }3Z 3Z upos]%o0 VA]J]E}vu vs§ o
sectors.

The next most common combination iggricultural sector policieshat have not considered any

specific sink 89¢X dZ]e ]Jv o * %}o0] ] e Z < SZ Z }vSE}o }( W 5] ] -
Z Puo 8]}ve E} X IAny(sihgliespctor focused policies that overlook sinks would benefit from

further review and possible adjustments to mitigate négatenvironmental impacts.

Table 2. Percentage of nitrogerelated policies by sink and sector, from Sri Lanka
=3 —
e lg | * | 23832 % 12 |E5| &
g < |®q ® S |@ U
. @ o = |32
Sink : Grand Total
Air 0 0 0 1 0 1 3 0 2 0 0 6
Climate 0 0 0 0 0 4 0 0 0 0 0 4
Ecosystem 2 0 0 0 7 4 4 0 0 0 0 17
Multiple 3 0 2 1 0 17 3 0 0 0 4 30
N/A 8 3 2 1 0 3 0 8 0 3 2 28
Soil 2 0 0 0 1 1 1 0 0 0 0 4
water 0 0 0 0 0 3 5 0 0 0 3 10
Grand Total 15 3 3 3 8| 32| 16 8 2 3 9 100

5.1 Policy by sink and policy type

Table B illustrates the sink and the policy type classifications for nitregdated policies from Sri

Lanka. From the results most of the combinations of policy type and sink range from 0 to 3%. The most
common combinatior{18%) was for framework policies with multiple simkguding for example the

Rational Policy on Waste Management, 2020 &}00}A]JvP §Z]+U (E u A}EI %}0] C 3C %
sink, were the next most common combination (15%). Framework policies haldoa higher
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percentage (relative to other combinations) for eco system (11%) and water (6%) sinks. These overall
results illustrate that framework is the predominating policy type for single-siidnted policies.

Those policies with multiple sinks ahdving multiple policy types would be considered better suited

for N-management as they are considered to have more integrated objectives and approaches.

Table BX W E Vv3 P }( o0 ¢°](] S]}ve C %}o0] C 3C %orelatedpdlicieq }
Sink Regulatory | Economic Framework | Data & R&D Commerce| Pron | Grand

methods Total
Air 3 0 1 3 0 2 0 9
Climate 0 0 3 1 1 0 0 5
Ecosystem 0 0 11 1 2 0 1 14
Multiple 1 3 18 3 4 2 2 34
N/A 2 3 15 2 1 2 1 26
Soil 0 0 0 1 0 1 4
Water 1 0 2 0 0 0 8
Grand Total 7 7 57 11 8 6 4 100
The percentage is calculated from the total number of classifications (i.e., 178) and not the t
number of policies. This is because one policy cooidainmultiple policy types.

5.2 Policy by sector anmblicy type

In table M the classificatioafor policy type and sectors are compared. As gititks the majority of

combinations indicate a low percentag®9X dZ A& %S]}v (}& ¢]JvPo <« S}E=+ ]Jv opu

E o 3]}v 8} Z(E u A} @EafursCasthedsgamhdGnost frequent pair (7%). Similar to sinks,
§7 § PYEC (}JE& Zupos]%o [« 3}E+« A+ 0} u}E& }uu}voC o]vl
descending order: framework, as the most common combination (20%), R&D (4%), datethods
(3%) and economic (3%) policy types. Again if tipmdieiesare associated with multipleextorsand
having multiple policy typeshese would be considered better suitéor N- management.

Table . Percentage of classifications by policytypean $}E (}E ~E] >-relatgd v]S(
policies
Policy Type
2y m o 0 @
8 : 2 | 38 |=| § |3 |¢8
Sectors = 3 D S8 o 3 2 S
g 3 3 g | © 2 Z | 9
> & = 8 5
Agriculture 1 2 7 1 1 2 2 17
Energy 0 0 2 0 0 1 0 2
Food 0 0 2 1 1 0 1 5
Industry 0 0 2 0 0 0 0 2
Land use 0 0 5 0 1 0 0 6
change
Multiple 1 3 20 3 4 1 1 33
N/A 2 0 8 3 0 1 0 14
Other 1 1 5 1 1 1 0 8
Transport 1 0 1 1 0 1 0 3
Urban Dev& 0 0 2 0 0 0 0 2
Tourism
Waste 2 1 5 1 0 0 0 8
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‘Grandtotal \ 7 \ 7 \ 57 11 \8\ 6 |5 \100\

5.3 Policy sector, sink apdlicy type

In all of the above cross comparisons, policies that have included references to multiple sink and/or
sectors and/or include multiple policy instruments, stand out as being those best able to support N
management. From Sri Lanka there are figies 8%) that hit all these criteria. These policies stand
out as they refer to multiple sinks, sectors, and include multiple policy types. In addition all of these
policies have been classified as being of leigmedium relevance and large medium mpact scope.

The 9 policiesra outlined in Table .

Table B. Sri Lanka nitrogemelated policies that refer to multiple sectors, sinks and mixed poli

types and classification for impact direction and pollution source type

Policy name Impact Pollution
direction Source Type

Agrarian Services Act. (No. 58 of 1979) Mixed /Neutral | Unspecified

National Environmental Act No. 47 of 1980 Positive Unspecified

National Environmental (Amendment) Act, No. 56 of 1988 Positive Both

Coast Conservatiofict No. 57 of 1981 Positive Unspecified

North Western Province Environmental Statute No. 12 of | Positive Point source

1990

Coastal Zone Management Plan (CZMP) 2006 Positive Both

Ten Years Development Policy Framework of The Fisheri| Positive N/A

and Aquatic ResourseSector 20072016

Action plan foHaritha Lanka Programme (2009) Positive Unspecified

Vision 2025 (A Country Enriched) Mixed / Neutral | Unspecified

In terms of recognising pollution source typ@&ble 15)also a desirable policy characteristic, from

the nine policiesonly one policy refers to point source anvo policies refer to both pollution type

(NPS and point sourcdjivepolicies were classified as unspecified and one as N/A in pollution source

type. Thetwo policiesthat were classified for recognisirmpth pollution types stand out further as

policies with the strongest potential to deal with the complex nature ainbinagement. These two

%}0] ] ¢ ]Jvou 38Z ZE 8]}vo VA]JE}vu vd o ~u v uvde 33U E}X iAo }(
DvPuvd Wov ~ DWW ZHid8[) o VA]JE}vu v3§ 0 ~ u Vv u vse SU E}X
standsout above all the policies as the pgliwith high relevance and impact scope while having all

the features deemed favourable for a ianagement policy as describedrlier (Figure 14)

However,sincethe effectivenes®f a policy is predicted by\aariety of internal and external factors,
the actual impact odnypolicyin practiceas beyond the scope of thanalysis and wodlrequire further
investigation However, having these policy characteristics would be encouraged in policy
interventionsto address the N challenge via amendments (saslthe aforementioned policyto
existing policies, especially those witlgher Nrelevance.
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Figure 4. Relative importance and strength of Nolicies

34 Policies identifying 37 Policies identifying 42 Multiple type

multiple sinks multiple sectors policies

9 Policiesrefer to multiple sinks, sectors, and include multip
policy types

7 Policies refer to multiple sinks, sectors and multiple polic
types while indicating a positive impact direction

5 Policies refeto multiple sinks, sectors and multiple policy
types while indicating a positive impact direction (high in bc
relevance and impact scope)

2 Policies, with high relevance and impact scope, refer to

sinks, and multiple policy types while indicating aifios
impact direction and identifying both multiple pollution type:

1 Policy, with high relevance and impact scope, refers to
multiple sinks, sectors and multiple policy types (including 4
regulatory or economic instrument) while indicating a positi
impact direction and identifying both pollution types
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dZ ZE §]}v o VAJE}vu v3 0o JIXIXZBESHViI6OMA]E}vU v 0 ~ u Vv I
}( i666[V dZ ZE 3]}v o VA]JE}vu v8 o ~WE}S &]}v v Yu o]3

Ministries responsible: oo $Z @& %}o0] ] & pv E S$Z E *%}ve] ]
Environment.

Sector/sinks:Multiple sinks are covered by all three outlined policies. The two Acts cover mu
« 3}E+U AZ & + 3Z E Ppo 3]}ve &E vi E }v A .3 U
environmental protection license for emission or disposal of &agX

Policy type:Each of the policies is legislation and includes multiple policy instruments. As
include regulatory and economic elemente SZE }( $Z u & }ve] & Z }
acts are broader umbrella framework policies that alsatéire economic regulations. But th
National Environmental Act no. 47 of 1980 features research and development (R&D) al
National Environmental (Amendment) Act, No. 56 of 1988 features data and methods
commerce. The National Environmental (Praoi®c and Quality) Regulations, no. 1 of 2008 H
both regulatory instruments and guidelines/ standards for data and methods.

Overview:Environmental Protection was recognized as a national priority by Article 27(14)
v §]}v o }ve§]Sus]}vahal pratect; Préserve and improve the environment for tl
benefit of the communityf Soon after the national constitution was formally adopted in 1978,
ZE §]}v o VA]E}vu vi 0o 3§ v}X 80 }( i60i[ A v & X dZ]e
it established the Central Environment Authority, which is the main institution entrusted wit
authority to oversee the health of the environment. The act has undergone multiple amendn
and supported numerous regulations (Wijayadasa & Ailapperur@a4Rand is considered
central policy node in our analysis. The Act itself does not refer to nitrogen directly but does
to the prevention of pollution from wastes and emissions.

The Central Environmental Authority was given wider regulatory psweder the National
Environment (Amendment) Act, No. 56 of 1988. The Authority is vested with the power to
out Environmental Impact Assessment (EIA) for assessing the impact of development proje
the environment andpublic participation was ats introduced to the Environmental Impac
Assessment proces&nvironmental Protection License Scheme, Prohibition of the disché
emission, or deposit of waste into the environment, Restriction regulation and control of pollt
of the inland watersatmosphere, and soil, Restriction on noise pollution were some of the
attributes of the Act No. 56. Asith Act No. 47, this act also does not refer to nitrogen directly |
does refer to the prevention of pollution from wastes and emissions.

With the rapid industrial development of the country, environmental pollution had significal
increased from the early 1980s (see Table 23. Motor vehicles emerged as the most proi
contributor to air pollution, contributing up to 60% of total emissions in thpitl city; Colombo
(Batagoda et al, 2004). Following recognition of these iss0&sZ E S]}v o W}o] C
Yu o]SC DvPuvs_ v ~SZ }olu} o v JE Tili Wk Rafionall
Environmental (Protection and Quality) Reguas, No. 1 of 2008 is a notable policy as be
directly relevant to reducing nitrogen pollution by setting constraints and standards for effl
discharged by both industrial and domestic entities. The standards set the tolerance lim
nitrogen and axmonia emitted to inland surface waters and marine coastal areas thro
industrial waste.
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Drivers of NEmission andPolicyChange

Highlights

X A majority of policies (60%),
relevant to N management have
been introduced after the year
2000.

X The periods during 2068009 and
20152019 mark two
distinguishable policy peaks.

x Over 50% of the policies
introduced within 20052009
(59%) and 2012019 (56%) have
been introduced under the
purviewof the ministry of
environment

X Recent governments have taken
number of positive policy
initiatives to curb Npollution
caused by agriculture, industrial,
waste, land use, energy and
transport sectors in Sri Lanka.

X Emissions oflbthe three main
forms of reactivenitrogen
compounds, ammonia, (NH
nitrogen oxides (N, and nitrous
oxide(N.O),shows an increasing
trend in Sri Lanka.

X Agriculturehas beerby far the
largest contributorof N,O and
NHsemissions in Sri Lank&er
the last two decades.

X Transport sectohas emerged as
the top contributor to national
NO. emissions in Sri Lanka.

6.1 Nitrogen related policies with
time series

Figure 15 illustrates the chronology of
nitrogen related policies in  post
independence Sri Lanka. Oanline search
could only capture five Nmanagement
related policies thahad beenintroduced by
the BritishColonial governmenprior to 1948 As the figure shows, there is a clear surgeqfdiicies
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in Sri Lanka within the first two decades of the new mililanm Nearly 60% (68 policies) of the policies
have been introduced within the aforementioned peridéurther, of the 72 policies with positive
impact direction, 49 (68%) have been introduced after the year ZDB8 two policy peaks, 202009
and 20152019, within the last two decades overlaps withe first spells of two successive
governments. Over 50% of the policiagoducedwithin 20052009 (59%) and 201%019 (56%) have
beenestablishedunder thepurviewof the ministry of environment. There is aher distinguishable
policy peak within the five year period from 198984. This peak is mainly attributable to the urban
and land development acts introduced by the land and urban development ministrilbe respective
period. Further,the ministry ofenvironment has introduced the highest number of policies (74% of
the total) with a positive impact direction in the new millenniu@verall, our analysis indicates a
developing political context where environment sustainabilitgyaging much attentionsa priority.

There arealsodistinguishable sector specific policy trends identified withiew major sectorgsee

the Appendix)Our analysis shows that thagriculture sector has maintained a static momentum in
introducing Nrelated policies over théime. All the N policies with negative impact direction are

related to the Agriculture sector, whereas a majority of thephlicies have mixed/ neutral impact
direction. The only two agriculture sector specific policies with a positive impact mamhgement

Z A v JVSE} u Al13Z]v 8Z o0 3 X K ( Natior@apglicgdndtdtagy %} o] ] +U
oncleanerproduction foragriculturesector _ ]+ (@& u A}EI| % }o] C CQoMeftimhoidihg}3Z2 E ~
and supplying of shrimp brooders n order to breed brackishwater shrimps (Penaeuspecies)
regulationsno. 2 of 2017 is a regulatory type policy with a medium impact scophile the lately

added two positive policies indicate a progressisacern of the sectorto regulae N; use the absence

of stronger core policies indicage policy gap within a sector that largely contributes to nitrogen
pollution in Sri Lanka.

Figure B. Chronology of Nrelated policies in SrLanka
Source SANH databasér’éng et al. 2021)
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number of sector specific;/kelated policies. Most of the,Kelated policies (80%) applied to the waste

sector were accumulated after the year 20@3. allthe single sector policies with a positive impact

direction that were introduced after the year 2000, a majority (41%) of the policies have targeted the

waste sectorThe recent interest of the government to manage waste diasnctivelymanifested by
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apolicy document launched in 2008 to make Sri Lanka a westecountry by 2018. When it comes
to the land use change sector, more seespecific policies were established after 1980, and
concentrated after the year 2005.

Figurel6. Establishment of Sri Lankan Mlated policies bysink
Source: SANH database (Yang et al. 2021)
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Figure Billustrates the sink breakdown of policies established in Sri Lianfaronological orderThe
0 **](] 31}v (JE Zv} % ](Poo]JVAN & Z|PiDoEF Ju% E 3} }3Z E <]vie
Notablyalmost all the policies targeting climate and air areer@ additions to the policy liste. since
i © 61 [Rafticularly, all the policies identifying climate as a sink were introduced dely24f11. It can
be assumed that the recent global climate change discussishichhave intensifiedover the last
decade, have encouraged the Sri Lankan government to formulateldted policiesaimed at
addressing the climate related risks and chaliesn

6.2 Trends over time in reactive &missions

Emissions of lathe three mains forms of reactivaitrogen compounds, ammonia, (MHnitrogen

oxides (NG, and nitrous oxide (D),shows an increasing trend in Sri Lanka (Figdhe i emission

data was sourced by EDGAR and Emissions Database for Global Atmospheric Research developed by
the Joint Resource Centre (JRC). EDGAR provides independent estimates of emissions compared to
those reported by European Member States or by Partiedeurthe United Nations Framework
Convention on Climate Change (UNFCCC), using international statistics and a consistent IPCC
methodology. SANH selected EDGAR as the common data source @&nmidsions to enable
comparability and consistency across our gaas of theeight SA countries.

The environment responds to the different Bbmpounds in different ways..Enters the environment

by a variety of sources and states, not only as atmospheric emissions but also entering soils and water.
For this report weassess, in the absence of other nationwide data of other sinks, emission trends,
which reflects directly to the environmental sinks, air and climate but also indirectly, due to nitrogen
cascades, to other sink&#élloway et al., 2003

Nitrous oxide (BO). Emissions oN.O, whichis a major greenhouse gas and the primary source of
stratospheric ozone depletion in the twenfiyst century (IPCC, 20}L4has slightly increased by 8%
from 2000 to 2018 (Table6). However, change iN.O emission for certain séors during the same
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period shows a significant rise, i.e., power industry (393%) and transport (18%)18, 'other
sectors[ Which includes agricultur@vas Sri Lanka's top contributor toe® emissions (85%]) &ble b).
The buildings industry (6%) wie secondargest generator of nitrous oxide {8) emissions in 2018,
even though ithas decreasedl7% from 2000. Other sectors' contributions to nitrous oxideO(N
emissions, such as "transport” (3%), "power industry" (2%), and "other industrial cGomyu&%),
were minor (<5%), but eadectorhas experienced significant increases in emissions since 2000.

Figurel?. Trend in Sri Lank#otal N>O emission by sector per year from 1970 to 28Note: EDGAR
v6.0 Greenhouse Gas Emissions data sourced frgopaCet al (2019b)
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Table B. Total Nitrous oxide (BD) emissions per sector between 2000 and 2018 (Gg per yeal
and percent change
Main Sector 2000 2000 (asa% o 2018 2018 (as a % of| % change 200(
(Tonnes) | total emission) [ (Tonnes) | total emission) and 2018
Buildings 164380 8 135893 6 -17
Other industrial 65139 3 93600 4 44
combustion
Other sectors 1819303 87 1922087 85 6
Power Industry 7224 <1 35618 2 393
Transport 35006 2 74631 3 113
Total NO 2091052 100 2261829 100 8
Source: EDGAR v6.0 Greenhouse Gas Emissions data sourced from Crippa et al (2019b)

Ammonia (NE): NHs is being increasingly recognized as a significant component of air pollution
budgets (Martin et al., 2006). Emissions of;MHSri Lanka have increased by 27% from 2002 t6.201
Agriculture has been by far the largest contributor ofsMhhissions in Sri Lanka over the last two
decades (Table7). Agriculture contributel to 67% ofthe total ammonia (NkB) emissionsn the year
2015 Buildings accounted for the secoargest contribution, accounting for 22% of total emissions,
which includes sma#icale norndustrial stationary combustion. In 2015, the contribution of 'other
industrial combustion' to total NHwas 11%. Other s@mrs such as 'Waste," 'Transport," 'Power
industry," and 'Other’ contributed very little to Nldmissions (< 1%).
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The sources of ammonia emissions have changed to varying degrees. Ammonia emissions were
reduced in some sectors, such as 'Building,’ 'Pomdustry,” and 'Other," which saw reductions of 6%,
31%, and 82%, respectively (Tab. Despite its small overall contributions to Ndnissions in 2015
(<1%)the transport sectorshowsthe largest increase (96%Higure 18)

Figurel8. The trend in Sri Lanka total Nklemission by sector per year from 1970 to 20\Nate:
EDGAR v5.0 Global Air Pollutant Emissions data sourced from Crippa et al (2019a).

NH; emission by sector

80000
70000
— 60000
£ 50000
&
2 40000
@
£ 30000
L
20000
10000

H Agriculture H Buildings Power industry
H Transport m Waste B Other industrial combustion
H Other

Table I7. Total Ammonia (NE) emissions per sector between 2000 and 2015 (Gg per year) a
percentchange
Main Sector 2000 2000 (a§ a.% of 2015 2015 (as_ a % of| % change
(Tonnes) | total emission) | (Tonnes) | total emission) | 2000 and2015
Agriculture 35350.16 60 50673.87 67 43
Buildings 17349.32 29 16363.43 22 -6
Power industry 154.93 <1 106.48 <1 -31
Transport 50.97 <1 99.86 <1 96
Waste 104.02 <1 113.91 <1 10
Orher industrial 6187.7 10|  8037.93 11 30
Other 0.11 <1 0.02 <1 -82
Total NO 59197.21 100 75395.5 100 27
Note: EDGAR v5.0 Global Air Pollutant Emissions data source@fiopa et al (2019a).

Nitrogen oxides (N Emissions ofNQ, poisonous and highly reactivey-products of high
temperature combustion process, have increased by 43% from 2000 to 2018 in Sri Lafke
transportsector (53%has beenthe major contributor to national NCemissions byhe year2018
(Tablel8). The next biggest contributor of Ni® the Power industry (26%). This was followe®ther
industrial combustion (15%pBuilding (6%), andigriculture (2%)Between 1995 and ZIb, there
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appears to have been a substantial increase in &@issions (Figuré9). Between 2000 and 281
Transport 6% and Gher industrial combustion73%), as single sectors, have experienced the
highest increase in emissions of NO

Figurel9. The trend in Sri Lanka total NCGemission by sector per year from 1970 to 20lste:
EDGAR v5.0 Global Air Pollutant Emissions data sourced from Crippa et al (2019a).
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Tablel8. Total Nitrogen oxides (N emissions per sector between 2000 and 2015 (Ggyear)
and percent change
Main Sector 2000 2000 (ag a'% o 2018 2018 (ag a'% 0| % change 200(
(Tonnes) | total emission)| (Tonnes) | total emission) and 2018
Agriculture 2317 2 3140 2 36
Buildings 7862 6 7351 4 -6
Power industry 45251 36 46450 26 3
Transport 53848 43 94562 53 76
Cogrr:qegljgggrfma' 15397 12 26683 15 73
Other 1 0 3 0 117
Total N20 124676.35 100 178187.5 100 43
Note: EDGAR v5.0 Global Air Pollutant Emissions data sourced from Crippa et al (2019a).

6.3 Analysis of driverand barriers to policy change

Several key factors could be identified as drivers underpinninglited policy establishment and
amendment in Sri Lanka. Tangible repercussions of overexploitation and mismanagement of resources
(manifested as public healtlssues, environmentalsues and socieeconomic problems), global
trends, international treatiesand agreements, growing concerns of tpeblic on environmental

health, sociedemographic trendge.g., increase@ducationand media literacyand interests of the
political leadershigcan be considered as those drivefs stated in a previous section of this report,
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particularly there has been a great interest
among the recent governments of Sri
Lanka (kected to power after the year
2000) to introduce policies proposing or
enforcing interventions to control N
pollution in Sri Lanka.

Although there is agrowing context
conducive for Nmanagementpolides to
emerge in Sri Lankahere are certain
critical barriers and bottlenecks that
hinder effective enforcement of policies.
Insufficient recurrent budgetary
allocations for policy implementation,
poor community perceptiorand truston
intents of the policiedack of coordination
and interest among the ayernment
agencies to collectively enforce the
policies, lack of staff with adequate
technical competencieand resourcego
execute the policies, and lack of
technology driven monitoring
mechanismscan be listed as some of
those common barriers that existacross
most of the sectors responsible in, N
pollution.

6.3.1 Agriculture

The hghest number of Nrelated policies

was established faihe agriculture sector.

N: pollutants released into the

environment by the agriculture sector

result in depleted air, water and soail

quality. The trend of the contributions of agriculture sector for air 